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C L I N I C O P A T H O L O G I C  C O N F E R E N C E

A 36- Year- Old Man With Renal Failure, Fever, and 
Hypocomplementemia
Kimberly DeQuattro, Anatoly Urisman, and Mary Margaretten

CASE PRESENTATION

Chief symptoms

A 36- year- old man with recently diagnosed renal injury 
 presented with fevers and dental pain.

History of present illness
For 15 months, the patient had experienced decreased 

appetite and malaise, and had missed work due to his symptoms. 
Two months prior, cough and ongoing malaise prompted a visit to 
the emergency department. At that time, routine laboratory evalu-
ation revealed a blood urea nitrogen level of 105 mg/dl and a cre-
atinine level of 7.01 mg/dl with estimated glomerular filtration rate 
of 9 ml/minute/1.73 m2. The patient was examined and a renal 
biopsy was performed. A 16- day trial of oral prednisone was pre-
scribed for presumed acute interstitial nephritis. The patient was 
discharged without undergoing dialysis and seen a week later in 
the renal clinic for follow- up. Seven weeks later, he returned to the 
emergency department with a report of fever and dental pain of 
6 day’s duration and was admitted. The results of the initial renal 
biopsy were limited due to a small sample; however, it showed 
non- specific findings of extensive interstitial fibrosis and tubular 
atrophy with scattered lymphoplasmacytic inflammation and a 
few globally sclerotic glomeruli.

Medical, social, and family history
The patient’s medical history was notable for a gunshot 

wound to the left upper extremity requiring exploratory surgery 7 
years earlier. At the time of the current admission, the patient had 
completed a course of oral prednisone (40 mg twice daily for 4 
days, 30 mg twice daily for 4 days, 40 mg daily for 4 days, 20 mg 

daily for 4 days) and was taking sevelamer carbonate (800 mg) 
orally 3 times daily.

The patient was Hispanic, was married with one child, and 
worked as a dishwasher at a restaurant. He did not consume 
alcohol, or use tobacco or illicit drugs. There was no family history 
of autoimmune disease, renal disease, or malignancy. His mother 
died at a young age of “cirrhosis” of unclear etiology; she did not 
consume alcohol.

Review of systems
The patient had anorexia but no weight change. He denied 

pharyngitis, visual changes, oral or nasal ulcers, rash or nodules, 
weight loss, abdominal pain, dysuria, hematuria, flank pain, or 
edema. He had no history of tuberculosis, incarceration, or home-
lessness. He denied sick contacts, recent travel, and occupational 
exposures.

Physical examination
On examination, he was febrile with a body temperature 

of 39.4°C. His blood pressure was 138/84 mm Hg, pulse was 
132 beats per minute, respiratory rate was 22 breaths per min-
ute, and oxygen saturation was 96% on room air. Conjuncti-
val pallor was noted, and an oral examination was significant 
for dental caries with normal salivary pool. There was no lac-
rimal gland swelling and no pain with extraocular movements. 
Neck examination revealed shotty, subcentimeter subman-
dibular and anterior cervical  lymphadenopathy without diffuse 
parotid or submandibular swelling. Cardiopulmonary examina-
tion demonstrated tachycardia with regular rate and rhythm. 
His carotid, brachial, radial, and femoral pulses were 2+. His 
lungs were clear to auscultation. His abdomen was soft and 
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non- distended and hepatosplenomegaly was not present. The 
neurologic examination revealed 5/5 strength bilaterally in the 
flexors, extensors, abductors, and adductors of the upper and 
lower extremities, and the reflexes were 2+ throughout. There 

were no sensory deficits. The gait was normal and he had no 
synovitis or joint effusions and had full range of motion in all of 
his joints. The extremities were non- edematous, and no rash 
was present.

Table 1. Laboratory evaluation results at initial emergency department visit, 3 months later, and 15 months later*

Initial 3 months 15 months Normal range

WBC count, cells/mm3 10,300 12,200 5,500 3,900–11,700
Hemoglobin, gm/dl 9.5 9.3 10.8 13.3–17.1
Hematocrit, % 30.2 28.0 30.7 39.8–52.2
Platelet count, cells/mm3 135,000 138,000 125,000 150,000–400,000
ESR, mm/hour 122 106 26 0–15
Sodium, mmoles/liter 136 142 145 136–145
Potassium, mmoles/liter 4.5 4.0 4.4 3.5–5.1
Chloride, mmoles/liter 112 105 113 98–109
Carbon dioxide, mmoles/liter 11 22 22 22–29
BUN, mg/dl 105 48 59 6–20
Creatinine, mg/dl 7.01 4.44 4.91 0.7–1.3
Glucose, mg/dl 86 103 101 70–199
AST, units/liter 87 40 ND 10–48
ALT, units/liter 52 13 ND 10–40
Bilirubin, total mg/dl 0.3 0.3 ND 0–1.1
Alkaline phosphatase, units/liter 165 313 ND 56–119
Albumin, gm/dl 2.6 3.6 4.1 3.2–4.6
Total protein, gm/dl 9.4 7.5 ND 6.2–8.1
CRP, mg/liter 161.5 26.8 ND <3.1
Serum C3, mg/dl 40 12 103 86–184
Serum C4, mg/dl <1 1 24 12–40
IgG4, mg/dl 1,260 437 ND 86–135
Urine protein, mg/dl 93 68 195 0–15
Urine creatinine, mg/dl 101.4 58.6 91.6 ND
Protein:creatinine ratio 1.1 0.9 0.5 <0.02
Complement activity, CAE units ND 1 ND 60–144
Urine specific gravity 1.011 1.006 1.011 1.003–1.030
Urine pH 7.0 7.0 6.5 5.0–7.0
Urine protein 1+ 1+ 1+ 0
Urine nitrites Negative Negative Negative Negative
Urine leukocyte esterase Negative Positive Negative Negative
Urine glucose Negative Negative Negative Negative
Urine ketones Negative Negative Negative Negative
Urine blood 1+ ND ND 0
Urine WBC cells/hpf 10–20 0– 2 20– 50 0–2
Urine RBC cells/hpf 10–20 2– 5 0– 3 0–3
Blood cultures 2/2 bottles ND S pneumoniae ND Negative
Urine culture, (colonies/ml) ND S viridans

(15,000)
ND Negative

* WBC = white blood cells; ESR = erythrocyte sedimentation rate; BUN = blood urea nitrogen; AST = aspartate aminotrans-
ferase; ND = no data; ALT = alanine aminotransferase; CRP = C-reactive protein; C3 = compliment 3; hpf = high-power field; 
RBC = red blood cells; S = Streptococcus. 
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Laboratory evaluation
The results of the initial laboratory evaluation revealed normal 

peripheral smear and lactate dehydrogenase, non- reactive HIV-
1/2 antigen/antibody combination test, hepatitis C virus antibody, 
and normal cryoglobulins, and serum protein electrophoresis with 
immunofixation. Additional results are shown in Table 1. Radiogra-
phy of the chest did not show hilar lymphadenopathy. Abdominal 
and renal ultrasonography demonstrated a normal liver without 
nodularity or masses but was notable for bilateral nephromegaly 
with marked echogenicity in the medullary pyramids (Figure  1) 
and splenomegaly. Transthoracic echocardiogram (TTE) demon-
strated normal systolic, diastolic, and valvular function without 
vegetations.

CASE SUMMARY

The patient is a 36- year- old man with acute fevers in the set-
ting of fibrotic kidney injury, nephromegaly, and hypocomplemen-
temia.

DIFFERENTIAL DIAGNOSIS

To synthesize this case, each of 3 key characteristics—fibrotic 
renal disease, nephromegaly, and hypocomplementemia—has a 
separate differential diagnosis to be considered. A unifying diag-
nosis will explain all features and guide further investigation.

Tubulointerstitial nephritis (TIN). TIN is an important 
cause of chronic kidney disease. Acutely, TIN is often reversible. 
Yet chronic disease can result in irreversible scarring due to inter-
stitial fibrosis and tubular atrophy. These pathologic changes are a 
consequence of inflammatory and tissue repair mechanisms that 
promote fibrosis via cytokine production and recruitment of fibro-
blasts (1,2). Progressive loss of functional renal parenchyma due 
to interstitial fibrosis and tubular atrophy ultimately leads to end- 
stage renal disease. The degree of interstitial fibrosis and tubular 
atrophy is an important predictor of long- term renal survival (2).

Drug- induced TIN is the most common cause of chronic 
kidney disease and is typically associated with β- lactam antibi-
otics, nonsteroidal antiinflammatory drugs (NSAIDs), and other 
medications including rifampin, sulfonamides, and allopurinol. 
The clinical presentation is often allergic and can include fever 
(36%), eosinophilia (35%), rash (22%), or the full triad (11%) 
(3). Although our patient was exposed to NSAIDs and the 
presence of white blood cells in the urine supported this diag-
nosis; hypocomplementemia and nephromegaly are not seen 
in cases of TIN due to NSAID use.

Autoimmune disease–associated TIN can be associated with 
systemic lupus erythematosus (SLE), sarcoidosis, Sjögren’s syn-
drome, and granulomatosis with polyangiitis (GPA) (4,5). Patients 
with SLE and GPA often have an interstitial nephritis accompany-

ing the characteristic glomerular disease and may rarely  present 
with acute interstitial nephritis, even in the absence of glomerular 
disease.  Amyloidosis and IgG4- related disease (IgG4- RD) can 
also cause TIN (6,7). Despite hypocomplementemia, renal injury, 
and anemia, there was no other specific symptom, sign, positive 
antinuclear antibodies, or positive antineutrophil cytoplasmic anti-
bodies to suggest SLE, Sjögren’s syndrome, or GPA. Although the 
patient had poor dentition, Sjögren’s syndrome was unlikely given 
the lack of xerostomia or xerophthalmia. Infiltrative processes 
such as sarcoidosis, amyloidosis, and IgG4- RD can go undiag-
nosed for months to years given the potential relative paucity of 
clinical symptoms until end- organ damage is manifested. There 
were no granulomas present on the renal biopsy sample to sug-
gest sarcoidosis, and Congo red staining with birefringence was 
negative for the presence of amyloid.

TIN and uveitis (TINU) is an uncommon entity usually encoun-
tered by ophthalmologists and pediatric nephrologists. It is seen 
typically in young women and the pathogenesis is unknown. 
Patients with TINU may make autoantibodies against modified 
C- reactive protein, which is found both in uveal and renal tubular 
cells (8). Uveitis is initially treated with glucocorticoids and renal 
disease can be self- limited, although it may require additional 
immunosuppression (9). Our patient lacked ocular findings and 
his male sex and age made this diagnosis unlikely.

Infectious causes of TIN include bacterial (Streptococcal 
species, Legionella, Leptospira), viral (cytomegalovirus, adeno-
virus, polyomavirus), and fungal (histoplasma, Candida) path-
ogens. Although our patient was found to have Streptococcus 
pneumoniae in the blood and urine, which could raise suspicion 
for  subacute bacterial endocarditis in the setting of hypocomple-
mentemia, TTE was negative for vegetations, effectively ruling out 
endocarditis. However, the patient’s profound hypocomplement-
emia and splenomegaly may have contributed increased suscep-
tibility to encapsulated organisms, rather than the Streptococcal 
species directly causing tubulointerstitial injury (10).

Nephromegaly. Causes of nephromegaly are broad and 
can be categorized by type (Table 2), with the most common 
cause of nephromegaly being diabetes mellitus (11). Rheumatol-
ogists are more likely to encounter nephromegaly in patients with 
urate nephropathy from gout, some cases of lupus nephritis, and 
organ infiltration from sarcoidosis, amyloidosis, or IgG4- RD (12). 
As mentioned previously, the diagnoses of SLE, sarcoidosis, and 

amyloidosis were not suspected.

Hypocomplementemia. Complement is activated in 
several rheumatologic diseases, such as SLE. Complement 
defends against pathogens, promotes antibody responses, and 
clears immune complexes in concert with the innate and adap-
tive immune systems (13). In SLE, complement contributes to 
inflammation, reducing plasma complement levels while deposit-
ing in tissues (14). Other rheumatologic entities in which comple-
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ment is activated include hypocomplementemic urticarial vasculitis 
syndrome (HUVS) as well as cryoglobulinemic vasculitis, seen in 
patients with Type I (monoclonal IgG or IgM [e.g., multiple mye-
loma/Waldenstrom’s macroglobulinemia]), Type II (mixed polyclonal 
IgG with monoclonal IgM rheumatoid factor [e.g., hepatitis B or C]), 
or Type III (polyclonal IgG and IgM rheumatoid factor [e.g., SLE, 
Sjögren’s syndrome, hepatitis C]) (14). As the name suggests, a 
diagnosis of HUVS necessitates the presence of hypocomplemen-
temia as well as the intermittent presence of urticarial wheals of at 
least 6 months’ duration (15). The patient’s lack of urticarial wheals, 
arthritis, uveitis, and abdominal pain made this an unlikely cause. 
The patient had no clinical or laboratory findings consistent with 
cryoglobulinemic vasculitis (16). Hypocomplementemia can also be 
seen in IgG4- RD (17).

DIAGNOSIS

Of the etiologies reviewed above, only IgG4- RD was a con-
stant among the triad of fibrotic renal disease, bilateral nephro-
megaly, and hypocomplementemia. To confirm IgG4- RD, addi-
tional laboratory testing and tissue staining were essential.

CLINICAL COURSE

The serum IgG4 was 1,260 mg/dl, which measured more 
than 9- times the upper limit of normal (normal range 86–135 mg/
dl). Given the concern for IgG4- RD, serum plasma IgG4 levels 
were obtained and a repeat renal biopsy was performed. The 
biopsy result showed storiform fibrosis, dense interstitial lym-

phoplasmacytic infiltrates with up to 40 IgG4- positive plasma 
cells/high- power field (hpf), and an IgG4- positive/total IgG- 
positive plasma cell ratio of >80%, which strongly suggested a 
diagnosis of IgG4- RD TIN (Figure 2). Electron microscopy and 
immunofluorescence studies performed on the biopsy tissue 
did not reveal evidence of an immune complex–mediated glo-
merulonephritis or paraprotein deposition. Blood cultures grew 
S pneumoniae in 2 out of 2 bottles, and urine cultures grew  
S viridans. Antibiotics were initiated for the patient’s acute infec-
tion. After he completed the course of antibiotics, he was started 
on prednisone (60 mg/day) and rituximab (1,000 mg intrave-

Figure 1. Renal ultrasound of the left kidney. Bilaterally, the kidneys 
were markedly echogenic, primarily within the medullary pyramids. 
There was bilateral nephromegaly (14.6 cm in the left kidney; and 
13.8 cm in the right [not shown]. Normal range 10–13 cm).

Table 2. Causes of bilateral nephromegaly*

Causes

Obstructive
Urate nephropathy
Myoglobinuria
Hemoglobinuria

Cystic
Polycystic kidney disease
Tuberous sclerosis
Multicystic dysplastic kidney

Metabolic
Diabetes mellitus (most common)
Acromegaly
Storage diseases (GSD)

Inflammatory
Acute tubulointerstitial nephritis
Acute glomerulonephritis
Acute nephrotic syndrome
Abscess
Kawasaki disease

Hematologic
Sickle cell disease
Renal vein thrombosis

Oncologic
Leukemia/lymphoma
Multiple myeloma
Renal cell carcinoma

Infiltrative
Sarcoidosis
Aamyloidosis
IgG- 4–related disease
Malakoplakia (histiocytic infiltration)

Infectious
Viral (HIV)
Fungal (histoplasmosis)
Bacterial (TB, PJP)

* GSD = glycogen storage disease; TB = tuberculosis; PJP = Pneumo-
cystis jiroveci pneumonia (11,27). 
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nously at week 0 and week 2) for IgG4- RD TIN. C4 level was 
checked after 15 months and had normalized from <1 to 24. 
Fifteen months after the initial presentation, the creatine level 
(4.91 mg/dl) and urine protein-to-creatinine ratio (0.5) remained 
elevated despite the administration of a second cycle of rituxi-
mab and a slow prednisone taper.

DISCUSSION

IgG4- RD is a multi- organ, fibrotic, inflammatory condition 
that can affect nearly every organ (6). Renal involvement in 
IgG4- RD occurs in 15% of patients, most commonly as TIN or 
membranous glomerulonephritis (MGN) (18). Another renal man-
ifestation of IgG4- RD includes retroperitoneal fibrosis causing 
impingement- related hydronephrosis (18,19).

IgG4- RD TIN is an increasingly recognized manifestation of 
IgG4- RD, although existing study sample sizes are small. IgG4- RD 
TIN is more common in men than women with an onset that is 

typically insidious rather than rapidly progressive, as reflected by 
a slowly rising average age at onset of 65 years. Concomitant  
extra- renal disease is frequent (18,20) and the creatinine level. 
Mild proteinuria is more common than nephrotic-range protein-
uria (18). Frequently, urinalysis with microscopy demonstrates 
mild hematuria; pyuria and white blood cell casts are uncom-
mon. Hypocomplementemia of C3, C4, and CH50 occurs 
in 60% of patients with IgG4- RD TIN (21). C4 deficiency from 
IgG4- RD TIN may have increased the patient’s susceptibility 
to infection with encapsulated organisms. Low complement 
is unusual in IgG4- RD unless there is tubulointerstitial renal 
involvement. Therefore, hypocomplementemia in IgG4- RD 
should raise suspicion for IgG4- RD TIN (18). One hypothe-
sis for  hypocomplementemia in IgG4- RD TIN is that although 
IgG4 itself may not bind complement, other IgG subclasses, 
which are often elevated in patients with IgG4- RD, bind com-
plement (21,22). Weakly positive antinuclear antibodies may 
be present, although specific serologies for SLE and Sjögren’s  

Figure 2. Photomicrographs showing renal biopsy findings. A, Several globally sclerotic glomeruli are seen within dense interstitial fibrosis 
without recognizable tubules; scattered interstitial inflammatory cells are noted. Periodic acid– Schiff stained; original magnification × 100. B, 
Storiform fibrosis (pink collagenous background) was diffuse with associated lymphoplasmacytic infiltrates. Hematoxylin and eosin stained; 
original magnification ×200. C and D, Immunohistochemical staining for IgG4 (C) and total IgG (D) demonstrates that most (>80%) of IgG- 
positive plasma cells are also positive for IgG4. Original magnification × 400.

A B

C D
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syndrome are typically negative. Elevated serum IgG4 greater 
than 6-  to 8- times the normal upper limit should raise concern 
for IgG4- RD; and multi- organ disease may elevate IgG4 levels to 
40 to 50- times the normal range (18). Normal serum IgG4 does 
not exclude the diagnosis and an elevated IgG4 level requires 
clinicopathologic correlation.

Radiographic features of IgG4- RD TIN include bilateral 
nephromegaly in 20% of patients as well as bilateral lesions of 
the renal cortices in 40%. These hypodense masses can mimic 
renal cell carcinoma. Two features of renal parenchymal lesions 
in IgG4- RD TIN include clear demarcation between affected and 
unaffected parenchyma, and infiltration that invades into and 
beyond the renal capsule (19).

Hallmark histopathologic features in IgG4- RD are dense 
inflammatory lymphoplasmacytic infiltrates composed of 
 polyclonal CD20 B lymphocytes, T cells, and IgG4+ plasma 
cells and storiform fibrosis, so- called for its irregular whorled 
appearance. A third pathologic feature, obliterative phlebitis, is 
an uncommon finding in renal biopsy. Mild tissue  eosinophilia 
may be present but is not required for diagnosis (6). Two or more 
of the above pathologic features on kidney biopsy in combina-
tion with >10 IgG4- positive plasma cells/hpf is highly suggestive 
of IgG4- RD and confirmed when a background of >40% IgG4- 
positive/IgG- positive plasma cell ratio is also met (6,23).

IgG4- RD MGN is rare and can co- occur with IgG4- RD TIN 
(7%) (17). Patients with IgG4- RD MGN tend to be older males 
with elevated creatinine, hypoalbuminemia, and nephrotic-range 
proteinuria at diagnosis (24). Typically, in IgG4- RD MGN, com-
plement levels are normal and nephromegaly is not a feature. A 
comparison of the features of IgG4- RD TIN and MGN is shown 

in Table 3.
Prompt treatment of IgG4- RD TIN is crucial to prevent 

progression of fibrosis and to preserve long- term renal func-
tion. Randomized controlled trials are lacking owing to the rar-
ity of the disease. Glucocorticoids are first-line therapy, and in 
some cases monotherapy has led to renal improvement (25). 

Despite treatment with steroids, relapse can occur in 15– 20% 
of patients, leading to progressive chronicity and end- stage 
renal disease (7,25).

In cases of IgG4- RD, rituximab has been used with the 
 rationale that it will interfere with short- lived plasma cells, plas-
mablasts, and B cells contributing to IgG4- RD pathology (26). An 
open- label prospective, single- arm trial of rituximab in 30 individu-
als with varied organ involvement resulted in complete remission in 
40% of the subjects at 12 months. In that cohort, 4 of 30 subjects 
(13%) had IgG4- RD TIN (27). Refractory cases of IgG4- RD may 
fail to recover organ function if fibrosis is too extensive, despite 
aggressive treatment with multiple cycles of rituximab (28).

Although glucocorticoids are first-line therapy for IgG4- RD 
due to a lack of randomized controlled trials providing evidence for 
other therapies, there were several reasons for concurrent treat-
ment with prednisone and rituximab. The major concern in this 
patient with severe disease and delayed diagnosis was the inability 
to predict long- term renal response. With both inflammation and 
fibrosis present on biopsy, there was some possibility of reversibility. 
Frequency of relapse while receiving glucocorticoid monotherapy 
in IgG4- RD is well- described (22) as is long- term renal atrophy in 
those with IgG4- RD renal disease who present with low estimated 
glomerular filtration rate at baseline (29).

Case series and open- label data suggest that rituximab may 
be well- tolerated and effective for active inflammation in IgG4- RD 
(27,28), even in the absence of glucocorticoid therapy (27). 
The results are less clear in cases of advanced fibrosis, and no  
trials have specifically addressed IgG4- RD TIN. The patient was 
treated simultaneously with glucocorticoid and rituximab in hopes 
of avoiding irreversible end- stage renal disease leading to dialysis.

FINAL DIAGNOSIS

IgG4- RD TIN with associated hypocomplementemia 
leading to S pneumoniae sepsis and S viridans urinary tract 
 infection.

Table 3. Comparison of IgG4 renal disease: tubulointerstitial versus membranous nephritis*

Characteristic Tubulointerstitial nephritis Membranous nephritis

Males Common, 80% Common
Age >65 years Common Common
Proteinuria, gm <3.5 >3.5 
Hypocomplementemia Common, 60% Rare 
Anti- PLA2R autoantibodies Absent Absent 
Bilateral nephromegaly Common Rare
Renal mass lesions 25% Rare 
TBM immune complex deposits 80% 30%
Proteinuria resolution with treatment Brisk Delayed
Other IgG4- RD organ involvement 80% 80%
Acute or progressive chronic renal failure 75% Reported, % unknown 

* Anti- PLA2R = antiphospholipase A2 receptor; TBM = tubular basement membrane (7,21,24).
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Has Rheumatology Become a More Attractive Career 
Choice? Comparison of Trends in the Rheumatology 
Fellowship Match From 2008 to 2013 With Those  
From 2014 to 2017
Huynh W. Tran, Lauren M. Mathias, and Richard S. Panush

Objective. Rheumatology has previously been a less attractive career choice than other internal medicine (IM) 
subspecialties. Recent fellowship data from the National Resident Matching Program (NRMP) has suggested that 
this may have changed. Therefore, we evaluated the current attractiveness of rheumatology as a career choice and 
compared it with other medical subspecialties.

Methods. Data from the NRMP from 2008 to 2017, the 2015 American College of Rheumatology workforce study, 
and Medscape physician salaries from 2010 to 2017 were used to determine annual numbers of fellowship appli-
cants, availability of positions, and post- fellowship salary trends. Data from 2008 to 2013 were compared with those 
from 2014 to 2017, and rheumatology was compared with other IM subspecialties.

Results. The total number of annual fellowship applicants to rheumatology for 2008–2013 decreased by 3% (aver-
age annual mean ± SEM percentage change of –1.9 ± 2.6%), from 251 to 244 applicants. However, for 2014–2017, an-
nual rheumatology applications increased by 44% (average annual mean ± SEM percentage change of 20.7 ± 10.5% 
[P = 0.03]), from 230 to 332 applicants. Other nonprocedural and procedural IM subspecialties did not exhibit a similar 
increase. For rheumatology, the increases in the ratio of annual applicants to positions (P = 0.02) and in the percentage 
of US medical graduates applying (P = 0.03) were statistically significant, and mean post- fellowship salary also rose.

Conclusion. The aforementioned observations suggest that rheumatology has become a more attractive career 
choice since 2014. We speculate that the increasing popularity of the field is multifactorial, likely reflecting lifestyle, 
job satisfaction and availability, influence of mentors, and other elements. This salutary and exciting potential oppor-
tunity for rheumatology should be exploited.

INTRODUCTION

We consider rheumatology to be a cognitive subspecialty 
that combines diagnostic and management challenges with 
rewarding and particularly humanistic patient care (1–4). A recent 
survey found rheumatologists to be the happiest physicians (5,6). 
Yet despite these potentially appealing aspects, for many years 
rheumatology has been a less popular career choice than other 
internal medicine (IM) subspecialties. This perception may have 
contributed to the limited growth of rheumatologists in the US. The 
2015 American College of Rheumatology/Association of Rheu-
matology Health Professionals Workforce Study, based on 2005–
2013 data, projected a notable discrepancy between expected 

supply and demand of rheumatologists in the future—a shortfall of 
2,329 rheumatologists in 2020, 3,845 in 2025, and 4,729 in 2030 
(7). Recent fellowship NRMP data has, however, suggested that 
interest in rheumatology may have changed. We therefore evalu-
ated the current attractiveness of rheumatology as a career choice 
and compared it with other medical subspecialties.

MATERIALS AND METHODS

This retrospective study examined annual numbers of appli-
cants to fellowships, numbers of fellowship positions, applicant- 
to- fellowship position ratios, percentage of offered positions filled, 
percentage of applicants matched, percentage of US medical 

Huynh W. Tran, MD, Lauren M. Mathias, MD, Richard S. Panush, MD, 
MACP, MACR: University of Southern California and Los Angeles County + 
University of Southern California Medical Center, Los Angeles.

No potential conflicts of interest relevant to this article were reported.

Address correspondence to Dr. Richard Panush, 2011 Zonal Avenue, Los 
Angeles, CA 90022. E-mail: panush@usc.edu.

Submitted for publication March 14, 2018; accepted in revised form June 
26, 2018.

mailto:panush@usc.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.23691&domain=pdf&date_stamp=2019-03-28


TREND COMPARISON IN RHEUMATOLOGY FELLOWSHIP MATCH |      457

graduates in fellowships, and post- fellowship salary trends in 
rheumatology and other IM subspecialties from 2008 to 2017. 
We compared trends from 2008 to 2013 with those from 2014 
to 2017, because interest in rheumatology appeared to have 
changed since 2014. Data were obtained directly from the 
National Resident Matching Program (NRMP) for these years (8). 
Salary trends were obtained from the Annual Medscape Physician 
Compensation Reports from 2010 to 2017 (9).

All rheumatology programs and other IM subspecialties in the 
US and Puerto Rico that reported to the NRMP were included. 
Popular IM subspecialties were divided into procedural oriented 
(cardiology, pulmonology/critical care, and gastroenterology) and 
nonprocedural oriented (hematology/oncology, infectious disease, 
endocrinology, and nephrology). Geriatrics, allergy and immunol-
ogy, sports medicine, and palliative care were excluded due to 
relative small size and/or multiple pathways to fellowship.

Depending on the data, descriptive statistics of fellowship 
program and subspecialties salaries were presented as percent-
age change (from a baseline year of 2008 for the 2008–2013 
period, and from a baseline year of 2014 for the 2014–2017 
period) or mean ± SEM. Based on an assumption of normality, 
the unpaired t- test compared the mean of groups in 2008–2013 
to groups in 2014–2017, and rheumatology with other IM subspe-
cialties. All statistical analyses were conducted using GraphPad 
Online QuickCals software. The study utilized de- identified publi-
cally available summary data.

RESULTS

For rheumatology, the annual total number of applicants from 
2008 to 2013 decreased from 251 to 244, a 3% decrease with 
an average annual mean ± SEM percentage change of –1.92 ± 
2.6%; however, from 2014 to 2017 the annual total number of 

applicants increased from 230 to 332, a 44% increase with an 
average annual mean ± SEM percentage change of 20.7 ± 10.5% 
(compared with 2008–2013) (P = 0.03) (Figures 1 and 2). 

Other IM subspecialties did not demonstrate the increase 
seen for rheumatology (P = 0.09) (Figures 1 and 2). For nonpro-
cedural IM subspecialties, the annual total number of applicants 
from 2008 to 2013 decreased from 1,940 to 1,820 applicants, 
which is a 6.2% decrease with an average annual mean ± SEM 
percentage change of –1.8 ± 1.5%. However, from 2014 to 2017, 
the annual total number of applicants increased from 1,594 to 
1,714, an 8% increase with an average annual percentage change 
of 0.9 ± 2.3% (P = 0.33) (Figures 1 and 2). For procedural medical 
subspecialties, the annual total number of applicants from 2008 
to 2013 increased from 2,455 to 2,582, a 5.2% increase with an 
average annual percentage change of − 0.2 ± 1.4%. From 2014 to 
2017 the annual total number of applicants increased from 2,562 
to 2,631, a 3% increase with an average annual percentage of 1 
± 1.1% (P = 0.55) (Figures 1 and 2).

SIGNIFICANCE & INNOVATIONS
• The increase in annual applicants to rheuma tology 

fellowship positions since 2014 was  significantly 
greater than during prior years. Other internal 
medicine nonprocedural and procedural subspe-
cialties did not exhibit similar changes.

• The annual ratio of applicants to positions and per-
centage of US medical graduates applying to rheu-
matology also increased significantly, while mean 
post-fellowship salary rose.

• These observations suggest that rheumatology 
has become a more attractive career choice since 
2014. We speculate that the reason for increasing 
popularity of the field is multifactorial, and likely in-
cludes elements such as lifestyle, job satisfaction, 
perceived availability of jobs, influence of mentors, 
and perhaps other elements. We perceive this as 
a salutary and potentially exciting opportunity for 
rheumatology that should be exploited.

Figure 1. The number of applicants and fellowship positions for 
rheumatology and other medical subspecialties from 2008 to 2013 
and from 2014 to 2017. The increase in the number of applicants 
to rheumatology after 2014, which was not seen for other medical 
subspecialties, was statistically significant.
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For rheumatology from 2014 to 2017, compared with 2008 
to 2013, there was also an increased ratio of applicants to posi-
tions (Figure 3A), an increased percentage of offered positions 
filled (data not shown), and an increased percentage of US 
medical graduate applicants (Figure 3B). The annual increase of 
applicants to position ratio in rheumatology from 2008 to 2013 
versus 2014 to 2017 was statistically significant (P = 0.03) (Fig-
ure 3A); other IM subspecialties exhibited a decrease in ratio of 
applicants to positions during that same time (Figure 3A). The 
annual increase of US medical graduates applying to rheumatol-
ogy from 2008 to 2013 compared with the increase from 2014 
to 2017 was statistically significant (P = 0.02) (Figure 3B). Pro-
cedural IM subspecialties exhibited a decrease in US medical 
graduates applications during that same time while nonproce-
dural IM subspecialties showed a statistically significant increase 
(P = 0.03) (Figure 3B).

Rheumatologists’ post- fellowship average annual salary 
increased 30%, from $180,000 in 2010 to $235,000 in 2017, 
while the average nonprocedural subspecialists’ salaries increased 
25%, from $212,500 to $264,500, and the average proce-
dural subspecialists’ salaries increased 32%, from $283,333 to 
$375,000. Data calculations, comparisons, results, and statistical 
analyses were similar when made with 2008 as the single baseline 
comparator year.

DISCUSSION

Rheumatology has long been regarded as a relatively unpop-
ular career choice due to lower compensation than procedural 
specialties, working with patients with disorders thought to be 
complicated and sometimes “incurable,” low exposure to the field 
in medical school and residency (1–4), and lower remuneration 
than other IM specialties (9).

There are certainly many unique and appealing aspects to 
rheumatology. These include increasingly attractive investigative 
opportunities and diverse career opportunities. Rheumatologists 
develop lifelong meaningful relationships with their patients, due 
to the chronicity of most rheumatic diseases. There are satisfy-
ing intellectual challenges. And the “compleat” rheumatologist will 
provide particularly humanistic care (1–4). Additionally, income dis-
parities, compared with other subspecialties, decreased in 2016. 
For example, rheumatology tied with general internal medicine for 
the largest increase in (post- fellowship) salaries (9).

Our findings suggest that since 2014 the number of applicants 
and the ratio of applicants to offered positions in  rheumatology 

Figure  2. Percentage change of number of applicants to 
rheumatology and other medical subspecialties from 2008 to 2013 
versus 2014 to 2017. Only rheumatology showed a statistically 
significant percentage change for 2014 to 2018 compared with 
2008 to 2013.

Rheumatology Non-procedural 
Subspecialties

Procedural Specialties

2008-2013 2014-2017 2008-2013 2014-2017 2008-2013 2014-2017

P = 0.02 P = NS P= NS

Figure  3. A, Ratios of application to positions in rheumatology 
and other medical subspecialties from 2008 to 2013 and from 2014 
to 2017. The increase in the ratio of applicants to rheumatology 
positions after 2014, which was not seen for other medical 
subspecialties, was statistically significant. B, Changes in percentage 
of US medical graduates applying to rheumatology and other 
medical subspecialties from 2008 to 2013 and from 2014 to 2017. 
The increases in the percentage of US medical graduates (USMGs) 
applying to fellowship positions after 2014 for both rheumatology 
and nonprocedural subspecialties were statistically significant. NS =  
not significant.

A

B
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have increased in comparison with other medical subspecialties. 
Furthermore, the percentage of US medical graduates applying 
for careers in rheumatology has grown. Rheumatology seems to 
be becoming a more attractive and competitive subspecialty. We 
are unaware of similar data from other countries.

The reasons for these changes are speculative, as we 
did not formally study them. They might reflect factors such 
as improvements in compensation, attractive lifestyle, per-
ceived availability of jobs, and influence of mentors. A recent 
survey from the American College of Cardiology emphasized 
that work- life balance considerations were paramount in 
trainees’ career decisions (10,11). Rheumatologists tend to 
have regular hours and professional responsibilities that are 
conducive to more control over schedules and perhaps less 
stress than some of the other IM subspecialties. In fact, the 
2012 Medscape Physician Lifestyle Report (12) indicated that 
rheumatologists were the happiest physicians. According to 
the report, rheumatologists had better social and health indi-
cators, including normal weight, excellent health, and stable 
income. Rheumatology has also experienced notable scientific 
advances, which may make the discipline more appealing to 
potential applicants. Treatment of rheumatologic conditions 
has seen enormous progress in recent years, due to increased 
understanding of the pathogenesis of these diseases at the 
cellular and molecular levels. With the advent and efficacy of 
targeted therapies, achieving sustained remission for inflam-
matory arthritis is now a realistic goal (13,14). Intellectual inter-
est is an important factor for applicants choosing rheumatol-
ogy (3). Also, medical school curricula may now include more 
and more appealing presentation of rheumatic, immunologic, 
and musculoskeletal disorders.

Our study has several possible limitations. This is an 
observational, uncontrolled, study with short time trends. The 
data were derived from multiple publicly available databases, 
namely the NRMP, the ACR Workforce study, and Medscape. 
These data may be of limited quality, and the response rate of 
participants surveyed is unknown; responses to the Medscape 
survey were 4%. We did not include the 2018 NRMP informa-
tion in our study because the entirety of Fellowship Match data 
for the year was not available at the time of our analysis. Pre-
liminary information suggested that similar trends will continue 
in the 2018 Fellowship Match (8). There is no direct information 
about reasons for the changes noted. While the NRMP Match 
data adequately evaluates the actual rate of change in fellow-
ship competitiveness, the forces driving this increase are less 
clear and merit further directed study. Lastly, US medical grad-
uate status is not necessarily a good surrogate for the “quality” 
of a fellowship applicant pool, although it is often used in this 
manner.

Strengths of our study are that the NRMP and Medscape 
data are clear and respected. This study is simple and straight-
forward. Numbers and trends are apparent. The study did not 

include any guesses, manipulation of data (other than calculating 
percentages of change), or inferences.

Our observations complement and extend the 2015 ACR 
workforce report (7). We believe that the observations we have 
presented suggest a salutary change in the attractiveness of 
rheumatology in recent years. We note that more rheumatology 
fellowship positions would need to be offered in order to lead to 
more rheumatologists in the workforce, regardless of changes in 
the attractiveness of rheumatology. We should take advantage 
of this opportunity.
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Connecting Rheumatology Patients to Primary Care for 
High Blood Pressure: Specialty Clinic Protocol Improves 
Follow- up and Population Blood Pressures
Christie M. Bartels,1  Edmond Ramly,2 Heather M. Johnson,1 Diane R. Lauver,3 Daniel J. Panyard,1 Zhanhai Li,1 
Emmanuel Sampene,1 Kristin Lewicki,1 and Patrick E. McBride1

Objective. Recognizing high blood pressure (BP) as the most prevalent cardiovascular risk factor in patients with 
rheumatic diseases and all adults, experts recommend clinic protocols to improve BP control. The aim of this study 
was to adapt and implement a specialty clinic protocol, “BP Connect,” to improve timely primary care follow- up after 
high BP measurements in rheumatology clinics.

Methods. We examined BP Connect in a 6- month preimplementation and postimplementation quasi- experimental 
design with 24- month follow- up in 3 academic rheumatology clinics. Medical assistants and nurses were trained to 1) 
check (re- measuring BPs ≥140/90 mm Hg), 2) advise (linking rheumatic and cardiovascular diseases), and 3) connect 
(timely [<4 weeks] primary care follow- up using protocoled electronic health record [EHR] orders). We used EHR data 
and multivariable logistic regression analysis to examine the primary outcome of timely primary care follow- up for 
patients with in- network primary care. Staff surveys were used to assess perceptions. Interrupted time series analysis 
was performed to examine sustainability and BP trends in the clinic populations.

Results. Across both 4,683 preimplementation and 689 postimplementation rheumatology visits by patients with 
high BP, 2,789 (57%) encounters were eligible for in- network primary care follow- up. Postimplementation, the odds 
of timely primary care BP measurement follow- up doubled (odds ratio 2.0, 95% confidence interval 1.4–2.9). Median 
time to follow- up decreased from 71 days to 38 days. Moreover, rheumatology visits by patients with high BP de-
creased from 17% to 8% over 24 months, suggesting significant population- level declines (P < 0.01).

Conclusion. Implementing the BP Connect specialty clinic protocol in rheumatology clinics improved timely 
follow- up and demonstrated reduced population- level rates of high BP. These findings highlight a timely strategy to 
improve BP follow- up amid new guidelines and quality measures.

INTRODUCTION

High blood pressure (BP) is the most prevalent and reversi-
ble cardiovascular disease (CVD) risk factor among all adults (1), 
and the risk is even higher in patients with rheumatic disease, 
such as those with rheumatoid arthritis (RA) (2,3). Nonetheless, 

we previously reported that only 10% of eligible rheumatology 
clinic visits resulted in documented  recommendations for fol-
low- up in patients with high BP (4), and that patients with RA 
were less likely to have hypertension diagnosed despite more 
visits than their peers meeting  identical longitudinal BP thresh-
olds (5). Although it has been shown that treating high BP in 
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11 at- risk patients could  prevent 1 CVD- related event (6), half of 
US adults with hypertension lack BP control (7). To address this, 
many primary care clinics have used staff- led protocols, exe-
cuted by nurses or medical assistants during vital sign assess-
ment, to improve BP control (8), reduce variability, and save time 
for clinicians (9). However, BP protocols have not been adapted 
for rheumatology or other specialty clinics visits, which, at >423 
million annual visits, outpaced primary care visits in 2013 (10).

As of 2017, 24 specialty organizations, as well as the Amer-
ican College of Rheumatology, endorsed screening and fol-
low- up of high BP as a quality measure in Medicare Merit- based 
Incentive Payment System (MIPS) measure 317 (11). Specifi-
cally, “timely BP follow- up,” defined as ≤4 weeks (12), is relevant 
across specialties, and referral back to a primary care clinic for 
follow- up meets this MIPS quality measure (11). We sought to 
adapt an evidence- based primary care clinic protocol (8) for use 
by specialty clinic staff to improve timely follow- up of patients 
after high BP mea surements in rheumatology clinics.

Our multidisciplinary team developed a specialty BP pro-
tocol intervention and implementation plan adapted for rheu-
matology nurses and medical assistants (8,13–15). Based on 
the Chronic Care model (16) and Self- Regulation Theory (14), 
we hypothesized that when staff and patients were supported 
by a protocol, they would acquire BP data, compare them to 
norms, and take action to reach goals. A clinic rooming protocol 
empowers staff to work at the top of their licensure (17) by clar-
ifying staff target behaviors, such as re- measuring high BPs and 
ordering primary care follow- up when BP is confirmed as being 
high. Likewise, patients who receive clinic feedback regarding 
high BPs could follow up with primary care, and, or modify 
behaviors, to improve antihypertensive medication adherence or 
lifestyle factors for BP control. We hypothesized that implement-
ing a protocol would improve timely primary care follow- up after 
confirmed high BP readings at rheumatology visits and poten-
tially improve population trends versus usual care.

PATIENTS AND METHODS

We evaluated preimplementation and postimplementation 
and clinic population outcomes of our specialty clinic BP pro-
tocol, BP Connect, at 3 academic rheumatology clinics. We 
compared timely primary care BP follow- up and population- 
level rates of high BP readings during the protocol project com-
pared to preimplementation usual care. For the study period, 
≥140/90 mm Hg (18) was the guideline- based high BP thresh-
old for protocol steps and performance feedback (19), although 
now ≥130/80 mm Hg meets the definition of high BP (20). The 
institutional review board (IRB) certified exemption, and neither 
individual written consent nor full IRB approval was required for 
this standard- of- care improvement initiative, and certification 
included permission to publish.

Setting and participants. The project was conducted in 
3 rheumatology specialty clinics attended by adults, within the 
tenth largest US academic multispecialty group. These 3 sites 
were in separate buildings with separate staff (medical assis-
tants, nurses, and schedulers). We compared a baseline 2- year 
period (January, 2012 to September, 2014) to a staggered- start 
6- month intervention period (November, 2014 to June, 2015). 
Outcomes were followed for 24 months, through 2016.

Intervention. The BP Connect specialty clinic protocol 
consisted of 3 steps: 1) check, 2) advise, and 3) connect, based 
on successful primary care protocols (8,15). First, adults visit-
ing a rheumatology clinic who had a BP ≥140/90 mm Hg were 
eligible for protocol initiation with BP re- measurement checks. 
Next, if a BP of ≥140/90 mm Hg was confirmed, patients were 
eligible for brief advice regarding follow- up due to associa-
tions between BP, CVD, and rheumatic diseases. Finally, staff 
offered to connect patients to primary care follow- up. Spe-
cialty clinic patients with in- network primary care were eligible 
for the primary end point of timely primary care follow- up (≤4 
weeks) (12). Clinic schedulers directly scheduled in- network 
follow- up, while all patients were eligible for printed primary 
care follow- up recommendations. Staff cues and patient eligi-
bility were automated within the electronic health record (EHR) 
Health Link (Epic Systems Corporation). For comparison, we 
examined visits in patients with a BP ≥140/90 mm Hg in the 
same clinics, 2 years before implementation.

Primary outcome and process measures. Process 
measures were used to compare the 3 BP Connect steps (re- 
measurement checks, educational advice, and primary care fol-
low- up connection offers) across eligible visits. The primary out-
come measure was timely primary care follow- up (within 4 weeks) 
in patients with confirmed high BPs and in- network primary care. 
Preimplementation and postimplementation rates were compared 
among patients eligible for timely in- network primary care fol-

SIGNIFICANCE & INNOVATIONS
• Engaging staff nurses and medical assistants with 

protocols to address high blood pressure (BP) 
is feasible but had not been previously adapted 
for rheumatology clinics despite heightened car-
diovascular disease risk in rheumatology patient 
 populations.

• Following implementation of the BP protocol 
adapted for rheumatology clinic staff, visits in pa-
tients with high BP declined from 17% to 8% over 
24 months, showing efficacy, with a significant pop-
ulation-level decrease.

• Engaging rheumatology clinic staff with BP proto-
cols was an effective, evidence-based strategy to 
improve guideline-concordant BP follow-up among 
at-risk rheumatology patient populations.
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low- up to assure capture in our data set. Additional analyses were 
performed to examine the sustainability of improved follow- up 
using multivariable models and time series analysis of monthly 
clinic population- level rates of high BPs over 24 months, before 
and after implementation.

Implementation methods. BP Connect was supported 
by an evidence- based implementation package (21,22). We used 
4 evidence- based implementation strategies (23): 1) engage, 2) 
educate, 3) remind, and 4) feedback. First, we engaged nursing 
staff clinic providers and administrative leadership using presenta-
tions and focus groups. Second, we educated staff on high BP 
including links between rheumatic diseases and CVD risk and 
steps of the protocol. Next, we reminded staff of the BP Connect 
steps using EHR decision support alerts. Last, we fed back per-
formance data to individual staff through brief monthly audit and 
feedback.

Staff engagement. We engaged rheumatology clinic nurses, 
medical assistants, and schedulers in co- designing and imple-
menting the BP Connect specialty clinic protocol. We obtained 
broad buy- in and identified supporters (24) at multiple levels, 
through presentations to system leaders (ambulatory adminis-
trators and primary care chiefs) and clinic staff. Preimplementa-
tion focus groups engaged with staff as partners in designing the 
workflows and supporting materials such as patient brochures, 
electronic reminders, and staff talking points. Midpoint focus 
groups engaged with staff in identifying clinic- specific barriers 
and sharing best practices.

Staff education. First, an expert nurse educator offered a 
45- minute didactic and skills training session with each of the 
3 clinic staff groups. The session refreshed participants knowl-
edge regarding the rationale for BP control in at- risk patients 
with rheumatic diseases, proper BP measurement, and the BP 
Connect protocol steps. Training content was driven by preim-
plementation focus group recommendations from nurses and 
medical assistants. The nurse educator also observed each par-
ticipant’s technique for measuring BP on a peer, while other pairs 
practiced 3 scenarios with protocol talking points. On the first in-
tervention day, we offered individual staff a 10- minute hands- on 
computer training session to practice navigating the EHR alerts 
and steps. Each clinic received a manual, and a laminated re-
minder card with protocol steps was placed in each room.

Reminders to staff. Co- designed EHR tools and desktop 
brochures provided staff with reminders and talking points for 
the 3 BP Connect protocol steps. The initial EHR decision sup-
port alert triggered when clinic staff recorded a BP ≥140/90 
mm Hg, prompting them to check, re- measuring the BP af-
ter 3–5 minutes. If BP was again ≥140/90 mm Hg, a second 
alert triggered. This prompted staff to advise the patient on 
rheumatology- specific high- risk BP and to offer to connect the 
patient with timely follow- up in a primary care setting. If the pa-
tient agreed, staff clicked the EHR protocolized order to send the 

scheduler follow- up orders or documented refusal to participate. 
Upon checking out of the clinic, the patient received assistance 
scheduling with their in- network primary care clinic if applicable, 
and all patients received printed follow- up recommendations.

Staff feedback. A team member (CB) provided staff with 
4 monthly one- on- one performance feedback sessions during 
the 6- month intervention period. Sessions included participatory 
audit, feedback, and action planning with individual nurses and 
medical assistants based on the Cochrane Database of Sys-
temic Reviews and data regarding audit and feedback (19,25). 
These brief sessions were designed to support staff needs for re-
lationship, autonomy, and competence consistent with the self- 
determination theory (26). Staff were offered a choice of wheth-
er to discuss how things were going or to view their data first. 
They were shown individual data, clinic data, and anonymized 
peer data regarding re- measurement and follow- up orders. In-
dividual patients were then asked to set goals for the following 
month and to identify a plan to reach new goals in light of chal-
lenges they identified. Sessions averaged 7 minutes each during 
months 2–5, with monthly individual feedback emails thereafter.

Data sources. We used preimplementation and postimple-
mentation EHR data to assess timely primary care follow- up after 
rheumatology clinic visits in patients with high BPs among patients 
with an in- network primary care provider. EHR data also provided 
patient- level covariate data. The same data were used to generate 
monthly audit and feedback reports. Time study (27) provided base-
line workflows and preimplementation and postimplementation 
data, and staff completed a 14- item postimplementation survey.

Measures and covariates. We used the RE- AIM framework 
(28), which is commonly used to evaluate health intervention imple-
mentation, to define measures of Reach, Effectiveness, Adoption, 
Implementation, and Maintenance. We assessed protocol initiation 
checks re- measuring high BPs and connection offers for referrals for 
BP follow- up visits. We also measured the proportion of accepted 
referrals. Our primary outcome was timely primary care follow- up, 
using a national definition for timely follow- up within 4 weeks (12). 
We examined maintenance over 24 months, including these pro-
cess measures, outcomes, and population- level BP trends.

We used EHR data to establish baseline patient- level control 
variables defined over the year prior to the index visit with high 
BP. Covariates included patient sociodemographics such as age, 
sex, race, marital status, tobacco use history, and ever receiving 
Medicaid and were used as socioeconomic markers. Composite 
comorbidity was calculated using the Johns Hopkins Adjusted 
Clinical Groups (ACG) System (version 10) (29), and baseline 
healthcare utilization included counts of visits the year prior to the 
rheumatology index visit with high BP. The model also included 
the clinic where the index visit occurred. We used published 
 algorithms reviewing inpatient and outpatient encounters prior 
to the index visit date for International Classification of Diseases 
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codes to control for baseline RA (30), hypertension (codes [31] or 
antihypertensive medication), cardiovascular disease (myocardial 
infarction, ischemic heart disease, heart failure, peripheral vascular 
disease, or transient ischemic attack or stroke) (32–35), diabetes 
mellitus (36), and chronic kidney disease (37).

Statistical analysis. To compare preimplementation and 
postimplementation data, we calculated P values using 2- sample 
t- tests for numeric variables and chi- square tests for categorical 
data. To examine our primary end point, we performed multivar-
iable logistic regression to estimate the odds ratio (OR) and 95% 
confidence interval (95% CI) of timely primary care follow- up during 
the intensive 6- month implentation period versus the 2 years before 
implementation, while controlling for baseline socio demographics, 
comorbidities, utilization, year, and clinic. These analyses were 
executed for primary care follow- up for patients with in- network 
providers. Given the visit- level structure of the data set, we used 
robust estimates of variance for conservative interpretation.

A sensitivity analysis with clustering by individual did not 
change the results. A priori, we planned an as-treated analysis 
(including only patients in whom the protocol was initiated as indi-
cated by re- measurement) for this pragmatic design (38), although 
we also performed intent- to- treat analysis. The intent- to- treat 
analysis included all patients eligible for re- measurement, regard-
less of whether it occurred, unless BP was re- measured and nor-
malized. We estimated that 239 eligible preimplementation and 
239 postimplementation visits would offer 80% power to demon-
strate a timely follow- up increase from baseline of 33–45%, with a 
2- sided test with a significance level of 0.05. A secondary analysis 
was performed to examine any timely follow- up at either a primary 
care or specialty clinic. Kaplan- Meier analysis was used to com-
pare time to primary care follow- up after high BP visits between 
preimplementation and postimplementation visits among patients 
with in- network primary care. Last, we used interrupted time 
series regression with Newey- West standard errors to compare 
clinic- wide population- level BP trends in the 2 years before and 

Figure 1. Flow diagram of project design and inclusion. BP = blood pressure.

Rheumatology Clinic Visits
Primary Analysis: 3 clinics 10/2012 – 6/2015 n=34,412

Including 2 yrs. pre- & 6-mo. post-implementation 

5372  Visits high blood pressure (BP)

4683  High BP 689  High BP

Pre-implementation
(24 Mos.)

Post-Implementation
(Mos. 0-6)

401  Re-measured26  Re-measured

170  Excluded 
(Normal 2nd BP)

6 Excluded 
(Normal 2nd BP)

231 Eligible for PC referral 
(Confi rmed high BP)

92 Excluded 
(Non-network PC)

2027 Excluded 
(Non-network PC)

2650 visits eligible for PC 
follow-up during 

2-years pre-implementation

139 visits eligible for primary 
outcome of PC follow-up 

during 6-mo. implementation 

Post-Implementation
Mos. 7-24

Pre-Implementation
24 Mos.

Secondary Time Series Analysis: 10/2012 – 12/2016 
(n=56,394)  Including 2 years pre- and post-

implementation (n=28,109 pre- and 28,285 post-).  
No BP or primary care exclusions.
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Table 1. Description of visit- level patient characteristics preimplementation and postimplementation (protocol eligible)*

Visits with high blood pressure measurement 
(n = 5,372)

Preimplementation 
(n = 4,683)

Postimplementation protocol-eligible 
(n = 689) P†

Demographics
Age, mean ± SD years 59.1 ± 14.1 60.4 ± 13.6 0.03
Age group

18–39 years 390 (8.3) 43 (6.2) 0.02
40–59 years 1,949 (41.6) 261 (37.9)
60–79 years 1,981 (42.3) 332 (48.2)
≥80 years 363 (7.8) 53 (7.7)

Female sex 3,105 (66.3) 458 (66.5) 0.93
Race

White 4,210 (90.5) 604 (88.6) 0.26
Black 261 (5.6) 47 (6.9)
Other 179 (3.9) 31 (4.6)

Language
English 4,637 (99) 685 (99.4) 0.31
Non- English 46 (1) 4 (0.6)

Marital status 
Married/partnered 2,714 (58.1) 416 (60.5) 0.37
Single 1,046 (22.4) 152 (22.1)
Separated/divorced/widowed 913 (19.5) 120 (17.4)

Medicaid ever 572 (12.2) 81 (11.8) 0.73
Tobacco use

Never 2,287 (49.8) 333 (49.5) 0.6
Current 474 (10.3) 70 (10.4)
Quit 1,797 (39.2) 262 (38.9)
Passive 32 (0.7) 8 (1.2)

BMI quartile, mean ± SD 32.3 ± 8.3 31.6 ± 8.0 0.054
Underweight/normal 865 (19.0) 139 (20.5) 0.42
Overweight 1,210 (26.5) 187 (27.6)
Obese 2,487 (54.5) 352 (51.9)

Baseline comorbidities and healthcare utilization
Rheumatoid arthritis 1,414 (30.2) 224 (25.2) 0.22
Hypertension 3,078 (65.7) 464 (67.3) 0.40
Cardiovascular disease 1,165 (24.9) 181 (26.3) 0.43
Diabetes mellitus 800 (17.1) 114 (16.6) 0.73
Chronic kidney/ESRD 287 (6.1) 52 (7.6) 0.15
ACG comorbidity score, mean ± SD 1.1 ± 0.8 1.1 ± 0.9 0.98
Mean ± SD annual ambulatory visits 7.6 ± 6.9 6.8 ± 5.8 <0.01
Mean ± SD annual primary care visits 2.4 ± 3.3 2.1 ± 2.6 <0.01
Mean ± SD annual rheumatology visits 2.1 ± 1.9 1.9 ± 1.7 <0.01
In- network primary care 2,650 (56.9) 393 (57.3) 0.83

* Except where indicated otherwise, values are the number (%). BMI = body mass index; ESRD = end- stage renal disease; ACG = Johns 
 Hopkins Adjusted Clinical Group. 
† By 2- sample t- test (numeric variables) and chi- square test (categorical variables). 
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2 years after implementation. Data set construction and the final 
analysis were performed using SAS version 9.4.

RESULTS

The primary analysis compared 689 intensive 6- month post-
implementation visits to 4,683 2- year preimplementation visits, 

all of which included patients with BP ≥140/90 mm Hg (Figure 1). 
Overall, patient visits were comparable before and during the 
intervention (Table 1). There was a 1- year  difference in the mean 
age between patients in the 2 groups, and a lower mean num-
ber of ambulatory, primary care, and rheumatology visits during 
the intervention period. In both groups, 57% of patients had in- 
network primary care; after exclusion due to a normal second BP 

Table 2. Odds of timely primary care follow- up after specialty clinic visit with high blood pressure measurement*

Per- protocol 
(n = 2,789)

Intent- to- treat 
(n = 3,043) 

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)†

Adjusted OR 
(95% CI)†

Protocol 1.88 (1.33, 2.66) 2.04 (1.42, 2.92) 1.50 (1.15, 1.95)
Age, years 

18–39 Ref. Ref. Ref.
40–59 0.91 (0.66, 1.27) 0.96 (0.67, 1.37) 0.99 (0.70, 1.41)
60–79 1.07 (0.77, 1.48) 1.09 (0.75, 1.59) 1.14 (0.79, 1.66)
≥80 1.42 (0.95, 2.12) 1.43 (0.89, 2.32) 1.41 (0.88, 2.25)

Female sex 1.16 (0.97, 1.39) 1.00 (0.82, 1.22) 1.01 (0.83, 1.22) 
Race

White Ref. Ref. Ref.
Black 2.25 (1.62, 3.13) 1.72 (1.18, 2.49) 1.60 (1.12, 2.28)
Other 1.32 (0.89, 1.95) 1.40 (0.93, 2.12) 1.30 (0.88, 1.93)

Marital status 
Married/partnered Ref. Ref.
Single 1.17 (0.95, 1.44) 0.96 (0.77, 1.20)  0.91 (0.73, 1.14)
Separated/divorced 1.43 (1.16, 1.75) 1.02 (0.81, 1.29) 1.00 (0.80, 1.26) 

Medicaid ever 1.51 (1.18, 1.94) 1.26 (0.93, 1.70) 1.25 (0.93, 1.68) 
Tobacco use

Never Ref. Ref. Ref.
Current 1.04 (0.77, 1.39) 1.05 (0.76, 1.44)  1.08 (0.80, 1.47)
Quit 1.17 (0.98, 1.39) 1.07 (0.89, 1.29)  1.05 (0.88, 1.25)

BMI 
Underweight/normal Ref. Ref. Ref.
Overweight 0.73 (0.57, 0.94) 0.73 (0.56, 0.96)  0.76 (0.59, 0.98)
Obese 1.01 (0.81, 1.26) 1.01 (0.80, 1.28)  1.05 (0.83, 1.32)

Baseline comorbidities and utilization
Rheumatoid arthritis 0.93 (0.78, 1.09) 0.87 (0.74, 1.06) 0.89 (0.75, 1.07)
Baseline hypertension 1.37 (1.12, 1.67) 0.90 (0.72, 1.13) 0.95 (0.76, 1.18)
Cardiovascular disease 1.66 (1.40, 1.98) 1.28 (1.04, 1.58) 1.28 (1.04, 1.56)
Diabetes mellitus 1.61 (1.33, 1.96) 1.25 (0.99, 1.56) 1.23 (0.99, 1.53)
Chronic kidney/ESRD 1.47 (1.10, 1.95) 0.85 (0.59, 1.23) 0.81 (0.57, 1.16)
ACG comorbidity 1.43 (1.30, 1.57) 1.12 (0.96, 1.29) 1.12 (0.97, 1.28)
Baseline mean annual ambulatory 

visits‡
1.06 (1.04, 1.07) 1.04 (1.02, 1.05) 1.04 (1.03, 1.05) 

* Primary care (PC) follow- up analysis required in- network PC. The intent- to- treat analysis included all patients eligible for re- measurement, 
regardless of whether it occurred, unless blood pressure was re- measured and had normalized; per-protocol analysis included only  patients 
in whom the protocol was initiated as indicated by re- measurement. 95% CI = 95% confidence interval; BMI = body mass index; ESRD = end- 
stage renal disease; ACG = Johns Hopkins Adjusted Clinical Group. 
† Models also included clinic; data for non–English-speaking patients was insufficient to allow estimation. 
‡ Baseline mean ambulatory visits indicates odds ratio (OR) per 1- visit increase. 
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measurement or lack of  in- network  primary care, 2,789 encoun-

ters were eligible for primary outcome assessment.

Process measures. Compared to <1% of preimplementa-
tion visits, >80% of eligible visits re-measured BP during inter-
vention months 4–6. Over the entire 6-month postimplementa-
tion period, improvement was indicated by 60% re-measurement 
(P < 0.001). After implementation, follow-up orders were offered 
to 77% of eligible patients (84% either received education, or fol-
low-up was offered), in contrast to only 10% of visits even recom-
mending follow-up in our prior published abstraction study from 
these clinics (4). Protocol visit rooming averaged 4 minutes longer 
than that at baseline.

Primary outcome. As hypothesized and shown in Table 2, 
more eligible patients received timely primary care follow- up after 
high BP measurements in rheumatology clinics during implemen-
tation of the intervention compared to preimplementation (rates 
of timely follow-up after implementation 42% versus 29% before 
P  <  0.001). Multivariable logistic regression showed that visits 
with protocol intervention had 2- fold higher odds of timely primary 
care follow- up compared to preimplementation (OR 2.04 [95% CI 
1.42, 2.92], P < 0.001) (Table 2). Sensitivity testing with intent- to- 
treat analysis remained significant (OR 1.50 [95% CI 1.15, 1.95]). 
As predicted, virtually all prespecified subgroups benefited from 
the protocol. Notable improvements were observed among black 
patients and those with a prior CVD. Only overweight predicted 
slightly worse primary care follow- up. Overall, postimplementa-
tion, 57% of patients completed timely follow- up at either primary 
or specialty care clinics versus 46.5% at baseline (adjusted OR 

1.73 [95% CI 1.20, 2.49]). Moreover, the median number of days 
until BP follow- up decreased from 71 days to 38 days postimple-
mentation among those with protocol initiation (Figure 2), leading 
to a statistically significant difference in time to primary care fol-

low- up (P < 0.001 by log rank test).

Other measures and maintenance. This 6- month 
 project was limited by sample size, and no difference was noted 
in individual BP control within 6 months of the index visit when 
comparing those with protocol- confirmed high BP to preimple-
mentation (data not shown). Analysis of the primary end point 
over 24 months showed maintained improvement in timely pri-
mary care follow- up (adjusted OR 1.9 [95% CI 1.4, 2.5]). Low 
rates of declined follow- up offers over the entire period (6–13%) 
suggested sound implementation fidelity.

Population impact and staff perspectives. Finally, we 
examined the clinic population- level impact using interrupted time 
series analysis of BP trends in the 2 years before and 2 years after 
implementation. We compared the proportion of monthly rheuma-
tology visits in patients with initially high BPs before and during the 
intervention period. We observed an associated decrease from a 
monthly mean of 17% of visits with high BPs to a mean of 8% during 
the intervention period (P < 0.001) (Figure 3). Moreover, we observed 
a continued significant decrease in the postimplementation period 
(slope −0.15 [95% CI −0.24, −0.05], P = 0.03) through 24 months.

Staff favorably reviewed the protocol on postimplentation 
surveys. Comparing self- efficacy for BP care, 90% postimple-
mentation versus 20% preimplementation reported being very or 
extremely confident in their ability to address high BP. Rheumatol-

Figure 2. Kaplan- Meier survival curve comparing time to primary care (PC) follow- up visits between preimplementation and postimplementation 
visits for patients with high blood pressure (BP) and in- network PC (n = 2,650 preimplementation visits; n = 139 postimplementation visits with 
confirmed high BP). Median time to follow- up decreased from 71 days to 38 days during the protocol period (P = 0.0003 by log rank test). 
Shaded areas indicate 95% confidence intervals. + = censored.
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ogy care providers were pleased by favorable outcomes without 
additional burdens on them.

DISCUSSION

Our BP Connect protocol intervention significantly increased 
timely follow- up of patients after high BP measurements in rheu-
matology clinics, doubling baseline rates of timely primary care 
follow- up. Moreover, using the clinic protocol strategy particularly 
benefited black patients and those with prior CVD, consistent 
with evidence that protocol- driven strategies can reduce health 
disparities in CVD treatment and prevention (39). Building on the 
literature about hypertension protocols from primary care (8), we 
added important features for specialty clinics, including rheuma-
tology staff co- design, rheumatology- targeted training, EHR alerts 
with talking points, cross- specialty follow- up orders, and partici-
patory audit and feedback to facilitate behavior change. We ulti-
mately observed a significant population- level decline in the num-
ber of clinic visits by patients with high BP, suggesting support for 
our approach to adapt BP protocols for use in rheumatology or 
other specialty clinics.

Our positive results for clinic intervention contrast with neg-
ative results observed in a provider- focused educational EHR 
reminder study in rheumatology (40). This contrast demonstrates 
the limits of education alone to change provider behavior (41) and 
the value of engaging clinic staff (42,43) to systematically support 
primary care with population management using protcol- defined 
steps. Postimplementation, staff self- reported high feasibility and 
improved competence (44,45). Our evidence- based implemen-
tation strategies (23,46) also support future dissemination.

These findings also have timely practice and policy relevance. 
Experts estimate that 31 million more Americans have high BP 

based on new guidelines (20,47), and 24 different medical spe-
cialties now report BP follow- up for MIPS quality (48). Our base-
line quality performance mirrored observed rates in a national 
American College of Rheumatology RISE registry report, and our 
improvement would have moved us from the fifth to the ninth decile 
(with tenth being best) for MIPS quality performance (49). Despite 
strong relative improvements and comparisons to RISE registry 
data, moderate timely follow- up postimplementation might be 
explained by access limitations or patient preference. Although in 
the current study the median time to follow- up decreased by 46% 
(from 71 days to 38 days), it was still outside our stated goal (<4 
weeks, ≤28 days), which might have been attributable to primary 
care follow- up appointment availability or scheduling “around 4 
weeks later.” Patient preference to avoid travel, time off work, or 
co- payments, and gaps in understanding the importance of timely 
follow- up might also explain our results.

For rheumatology and other specialties, BP is a wise pop-
ulation health target given that it is measured at all visits and is 
the leading modifiable predictor of CVD (1). When discussing the 
potential impact of wider dissemination of BP protocols, the for-
mer Centers for Disease Control and Prevention director stated 
“Nothing would save more lives” (1,9). Healthcare system leaders 
welcomed our specialty clinic protocol to improve group BP met-
rics. Primary care providers—who were previously penalized for 
patients deemed uncontrolled after specialty visits outside their 
clinics—also welcomed follow- up protocol interventions.

Despite strengths of our adaptation and implementation of 
an evidence- based BP protocol in rheumatology clinics, limita-
tions must be considered. First, we used a pre–post comparison 
design without blinding or randomization. However, as shown in 
Table 1, the preimplimentation and postimplementation groups 
were comparable. A reduced number of annual visits in the post-
implementation period would conservatively bias the outcome of 
timely follow- up toward the null. Moreover, blinding and patient- 
level randomization were not feasible, because the intervention 
targeted the clinic staff.

Use of a contemporaneous control clinic could have some 
advantages, and a future multisite trial could match or ran-
domize clinics, which in the current study was limited by the 
number of clinics. Likewise, although the timing of changes 
and comparison with system- wide trends supported evidence 
of change specific to the protocol, other system changes can-
not be excluded. Although initial declines for follow- up might 
have reflected improved BP measurement, a positive outcome 
in itself, ongoing declines after initial training offer further sup-
port that the BP Connect protocol was effective for improving 
primary care follow- up. Primary outcome analysis was limited 
to patients with in- network primary care, but results of the 
intent- to- treat analysis across the entire population remained 
significant and may have in fact underestimated timely out- of- 
network primary care follow- up. Notably, because this project 
predated publication of the MIPS measures, eligibility and out-

Figure  3. Interrupted time series graph of the percentage of 
monthly rheumatology clinic visits with high blood pressure (BP) 
(n = 56,394), before (n = 28,109) and after (n = 28,285) protocol 
implementation. Average monthly rates of high BP decreased from 
17% preimplementation to 8% postimplementation, with a significant 
decline after implementation and continued improvement over time 
(P < 0.003 and P = 0.03, respectively). Each symbol represents the 
rate for each month.
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comes were not identical to the BP follow- up measure, yet the 
project demonstrates a new evidence base for future improve-
ment interventions in rheumatology or other specialty clinics 
(11). Last, this single- center project with a predominantly white 
English- speaking population may not be directly generalizable; 
therefore, future studies are planned to study protocol imple-
mentation in more diverse and vulnerable populations.

Currently, we are implementing BP Connect in a rheuma-
tology clinic in another healthcare system, using our dissemina-
tion toolkit (https:www.hipxchange.org/BPCConnect) (50). The 
toolkit contains engagement and training materials, workflows, 
EHR build instructions, and audit and feedback tools. A future 
multisite study will examine the scalability and efficacy of the 
intervention for individual patient BP self- management and BP 
control, which were beyond the scope of this project.

Our findings highlight a timely population health strategy to 
improve guideline- based BP care and quality measures across 
rheumatology clinics and other specialties. Use of BP Connect 
doubled the rates of timely primary care follow- up after high 
BPs, and we observed reduced population- level rates of vis-
its by patients with high BP, suggesting efficacy and feasibility 
of use of the protocol by specialty clinic staff. Future studies 
should examine BP Connect in other specialties and healthcare 
systems, including its impact on BP control to reduce CVD risk 
for patients attending rheumatology or other specialty clinics.
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Time of Disease- Modifying Antirheumatic Drug Start in 
Juvenile Idiopathic Arthritis and the Likelihood of a  
Drug- Free Remission in Young Adulthood
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Objective. To study juvenile idiopathic arthritis (JIA) long- term outcomes in relation to the time of initiation of bio-
logic disease- modifying antirheumatic drug (bDMARD).

Methods. Outcomes of JIA patients prospectively followed by the Biologika in der Kinderrheumatologie (BiKeR) 
and Juvenile Arthritis Methotrexate/Biologics Long- Term Observation (JuMBO) registers were analyzed with regard to 
drug- free remission and inactive disease, functional status and quality of life, and surgery. To analyze the influence of 
early bDMARD therapy on outcomes, patients were assigned to 3 groups based on the time from symptom onset to 
bDMARD start (G1: ≤2 years, G2: >2 to ≤5 years, and G3: >5 years). Propensity score–adjusted outcome differences 
were analyzed by multinomial logistic regression analyses among the groups.

Results. A total of 701 JIA patients were observed for mean ± SD 9.1 ± 3.7 years. At the last follow- up (disease dura-
tion mean ± SD 14.3 ± 6.1 years), 11.7% of patients were in drug- free remission, and 40.0% had inactive disease. More 
than half of the patients reported no functional limitation, while 5% had undergone arthroplasty, and 3% had eye surgery. 
At the 10- year time point, patients in G1 (n = 108) were significantly more likely to be in drug- free remission than those pa-
tients who began treatment later (G2, n = 199; G3, n = 259), with 18.5%, 10.1%, and 4.9%, respectively. Patients in G1 had 
significantly lower disease activity (clinical Juvenile Arthritis Disease Activity Score in 10 joints = 4.9), a better overall well- 
being (18.2% patient global assessment score = 0), and higher functional status (59.2% Health Assessment Questionnaire 
score = 0), compared to patients in G3 (7.1, 8.4%, and 43.7%, respectively). G1 patients required arthroplasty significantly 
less frequently than G3 patients and had significantly lower disease activity over time than patients in both G2 and G3.

Conclusion. Early DMARD treatment is associated with better disease control and outcomes, which supports the 
concept of a “window of opportunity” for JIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a heterogeneous, 
immune- mediated disorder with a prevalence of approximately 

1:1,000 (1,2). Up to 50% of JIA cases exhibit a polyarticu-
lar disease course and are therefore at high risk of disease 
activity into adult life, permanent functional disability, and pro-
gressive joint damage (3–8). In an effort to reduce long- term 
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morbidity, treatment paradigms have changed over the years 
(9). Disease- modifying antirheumatic drug (DMARD) treatment 
has moved toward the institution of more aggressive therapy, 
including the use of biologic DMARDs (bDMARDs) early in the 
course of the disease. Early intervention and the consequent 
suppression of disease activity may hamper disease progres-
sion in such a way that chronicity is reduced. However, the 
optimum time for initiating bDMARDs has not yet been deter-
mined (10), as reflected by a prescription rate of approximately 
20% within the first 5 years of the disease (11–13).

Weak evidence of the efficacy of early bDMARD therapy 
was provided by 3 randomized controlled studies on JIA (14–16). 
All the studies found that early intensive treatment approaches 
resulted in a high likelihood of disease control within the first year 
of the disease. An impact on the patient’s long- term prognosis 
can be assumed, because achieving a clinically inactive disease 
(CID) at least once within the first years of the disease has been 
associated with better outcomes (17,18). To analyze whether the 
time of bDMARD start determines the outcomes of JIA in young 
adulthood, we used data from the German JIA biologic register 
BiKeR (Biologika in der Kinderrheumatologie [biologics in pediat-
ric rheumatology]) and JuMBO (Juvenile Arthritis Methotrexate/
Biologics Long- Term Observation).

PATIENTS AND METHODS

Data were retrieved from BiKeR and JuMBO, which are 
both ongoing multicenter, prospective, observational cohort 
studies (19,20). These studies aim to monitor the safety and 
effectiveness of conventional synthetic DMARDs (csDMARDs) 
and bDMARDs (21–23). JuMBO is the follow- up register to 
BiKeR and monitors patients who have reached the age of 18 or 
left pediatric rheumatology care.

Patients. Patients were eligible for this study if they had JIA 
as defined by the International League of Associations for Rheu-
matology criteria (24), were enrolled in BiKeR during childhood 
and were subsequently transferred to JuMBO, and began their 
first bDMARD course and had at least 1 physician assessment 

during young adulthood. Written informed consent was obtained 
from both the parents and patients (age ≥8 years) for partic-
ipation in BiKeR and again from the patients (age ≥18 years) 
for further follow- up in JuMBO. Patients were assessed every 
6 months in both registers. At each follow- up, the physician 
recorded details on the patient’s disease status and therapy. 
Patients were assessed with standardized questionnaires. BiKeR 
was approved by the ethics committee of the Medical Council 
of North Rhine- Westphalia, Duesseldorf, Germany. JuMBO was 
approved by the ethics committee of Charité University Medi-
cine Berlin. Both registers are conducted in accordance with the 
Declaration of Helsinki.

Assessments and outcome parameters. The follow-
ing outcomes were assessed at the 10- year follow- up and at 
the last available follow- up: drug- free remission and inactive 
disease, patient- reported outcomes, such as functional status 
and quality of life, and surgery. Physician- reported outcomes 
comprised the number of joints with swelling, range- of- motion 
limitations, tenderness or pain with motion (72- joint count), 
erythrocyte sedimentation rate, and C- reactive protein levels, as 
well as the physician’s global assessment (PhGA) of the patient’s 
disease activity on a 10- cm visual analog scale (VAS) in BiKeR 
and a numerical rating scale (NRS, range 0–10) in JuMBO. Dis-
ease activity was additionally assessed by the clinical Juvenile 
Arthritis Disease Activity Score in 10 joints (cJADAS- 10), cal-
culated according to Consolaro et al (25). Because information 
about active uveitis and systemic JIA features was not requested 
at every JuMBO visit before 2014, CID in young adulthood in 
JuMBO was defined by the best possible PhGA on the scale 
used (NRS = 0), and by cJADAS- 10 score ≤1 (25). Remission 
off drugs was defined as CID for at least 12 months without any 
treatment, in accordance with the criteria by Wallace et al (26).

The patients’ functional status was assessed using the 
Childhood Health Assessment Questionnaire (C- HAQ) (27) in 
BiKeR and the HAQ (28) in JuMBO. Other patient- reported out-
comes included overall well- being and pain, globally assessed 
either with a VAS in BiKeR or an NRS in JuMBO. The adult 
patients’ health- related quality of life (HRQoL) was measured via 
the Medical Outcomes Study Short Form 36 (SF- 36) (29). The 
SF- 36 survey yields 2 comprehensive HRQoL indexes, the phys-
ical component summary and the mental component summary 
scores. Both summary scores were obtained from normalized 
and Z- transformed domain scores. Operations, such as syn-
ovectomy, arthroplasty, or eye surgery due to uveitis complica-
tions, were reported by the patients and/or the physicians as 
adverse events in BiKeR and JuMBO, or as operative history at 
the first JuMBO visit.

Statistical analysis. The association between out-
comes and the time between JIA onset and first bDMARD 
start was nonparametrically estimated by a local  polynomial 

SIGNIFICANCE & INNOVATIONS
• The outcomes of juvenile idiopathic arthritis (JIA) in

adulthood are significantly related to the time from 
JIA onset to the start of a biologic disease-modifying 
antirheumatic drug (bDMARD).

• Patients with an early DMARD start are more likely
to be in drug-free remission in adulthood.

• Patients with an early DMARD start have a lower
likelihood of requiring joint or eye surgery.

• Patients treated early with bDMARDs have better
disease control over time.
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Table 1. Patient characteristics at the time of BiKeR inclusion for the whole cohort and for the 3 patient groups by the time from symptom 
onset to bDMARD start*

Characteristics Total group

Time from symptom onset to bDMARD start

P†
G1 

≤2 years
G2 

>2 to ≤5 years
G3 

>5 years

No. (%) 701 (100) 161 (23) 216 (31) 324 (46) –
Age, years 14.3 ± 3.1 14.1 ± 3.0 14.1 ± 3.0 14.6 ± 3.3 0.616
Female, no. (%) 464 (66.2) 93 (57.8) 139 (64.4) 232 (71.6) 0.105
JIA category, no. (column %/

raw %)
0.001

Systemic JIA 40 (5.7/100) 10 (6.2/25.0) 11 (5.1/27.5) 19 (5.9/47.5) –
RF- negative polyarthritis 179 (25.5/100) 45 (28.0/25.1) 54 (25.0/30.2) 80 (24.7/44.7) –
RF- positive polyarthritis 76 (10.8/100) 31 (19.3/40.8) 28 (13.0/36.8) 17 (5.3/22.4) –
Enthesitis- related arthritis 151 (21.5/100) 44 (27.3/29.1) 51 (23.6/33.8) 56 (17.3/37.1) –
Psoriatic arthritis 65 (9.3/100) 15 (9.3/23.1) 24 (11.1/36.9) 26 (8.0/40.0) –
Persistent oligoarthritis 43 (6.1/100) 4 (2.5/9.3) 16 (7.4/37.2) 23 (7.1/53.5) –
Extended oligoarthritis 128 (18.3/100) 4 (2.5/3.1) 26 (12.0/20.3) 98 (30.3/76.6) –
Other arthritis 19 (2.7/100) 8 (5.0/42.1) 6 (2.8/31.6) 5 (1.5/26.3) –

HLA- B27–positive, no. (%) 192 (27.4) 56 (34.8) 63 (29.2) 73 (22.5) 0.114
ANA- positive, no. (%) 307 (43.8) 57 (35.4) 79 (36.6) 171 (52.8) 0.042
History of uveitis, no. (%) 63 (9.0) 7 (4.4) 9 (4.2) 47 (14.5) 0.002
Disease duration, years‡ 5.2 ± 4.4 1.0 ± 0.7 2.8 ± 1.2 8.8 ± 3.9 0.368
Prior csDMARD, no. (%) 663 (94.6) 143 (88.8) 209 (96.8) 311 (96.0) 0.033
Time between JIA onset and 

csDMARD start, months
25.0 ± 34.3 5.3 ± 5.5 15.4 ± 12.7 40.4 ± 43.5 <0.001

Number of csDMARDs before 
bDMARD start

1.9 ± 1.1 1.3 ± 0.6 1.7 ± 0.9 2.3 ± 1.2 0.018

csDMARD treatment duration 
before bDMARD start, 
months

37.9 ± 38.1 7.3 ± 5.1 22.9 ± 14.0 62.0 ± 42.3 <0.001

Physician global assessment of 
disease activity§

5.5 ± 2.6 5.5 ± 2.7 5.3 ± 2.5 5.7 ± 2.6 0.492 

cJADAS- 10¶ 15.7 ± 6.5 15.2 ± 7.2 14.2 ± 5.9 14.6 ± 6.5 0.327
C- HAQ total# 0.7 ± 0.6 0.8 ± 0.7 0.7 ± 0.6 0.7 ± 0.6 0.130
Patient global assessment of 

overall well- being**
4.8 ± 2.7 4.9 ± 2.7 4.7 ± 2.7 4.8 ± 2.8 0.537

Patient- reported pain†† 4.3 ± 2.8 4.6 ± 3.0 4.3 ± 2.8 4.3 ± 2.8 0.604
Year of BiKeR enrollment, no. 

(%)
0.009

≤2004 199 (28.4) 31 (19.3) 65 (30.1) 103 (31.8) –
2005–2008 316 (45.1) 68 (42.2) 97 (44.9) 151 (46.6) –
≥2009 186 (26.5) 62 (38.5) 54 (25.0) 70 (21.6) –

* Values are the mean ± SD unless indicated otherwise. BiKeR = Biologika in der Kinderrheumatologie; bDMARD = biologic disease- modifying
antirheumatic drug; JIA = juvenile idiopathic arthritis; RF = rheumatoid factor; ANA = antinuclear antibodies; csDMARD = conventional syn-
thetic DMARD; cJADAS- 10 = clinical Juvenile Arthritis Disease Activity Score in 10 joints; C- HAQ = Childhood Health Assessment Questionnaire. 
† Group differences were tested by analysis of variance for continuously distributed parameters and by logistic regression analyses for cat-
egorical parameters weighted by the generalized propensity score. 
‡ Missing values 5 (0.7%). 
§ Missing values 17 (2.4%).
¶ Missing values 72 (10.3%). 
# Missing values 1 (0.1%). 
** Missing values 62 (8.8%). 
†† Missing values 53 (7.6%). 
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approximation in preliminary analyses. These analyses showed 
a continuous and approximately linear association between 
the outcomes and the duration between JIA onset and the 
first bDMARD start, with an even stronger association within 
the first 2 years (see Supplementary Figures 1a and 1b, avail-
able on the Arthritis Care & Research web site at http://onlineli 
brary.wiley.com/doi/10.1002/acr.23709/abstract). Based on 
the visual analyses of the data and the availability of a suffi-
cient number of patients within each category for the propen-
sity score–adjusted multivariable analyses, the time from JIA 
onset until the start of bDMARD treatment was categorized 
into 3 treatment groups (G1, ≤2 years [early]; G2, >2 to ≤5 
years [medium]; and G3, >5 years [late]). A generalized pro-
pensity score (30) was estimated for the statistical compari-
son of young adulthood outcomes between the 3 groups. The 
generalized propensity score is the conditional density of the 
3 groups given in the covariates JIA category, DMARD use 
before the first bDMARD course, age at JIA onset, C- HAQ 
score, cJADAS- 10 score, and history of uveitis at BiKeR inclu-
sion, with sex and year of enrollment in BiKeR estimated by 
maximum likelihood. The Box- Cox transformation was applied 
for continuously distributed treatment variable duration from 
the onset of JIA to the start of the bDMARD in the propensity 
score estimation process.

The balancing property of the generalized propensity score 
was tested by using the algorithm suggested by Hirano and 
Imbens (30). The following outcomes were considered: CID 
(by PhGA and cJADAS- 10 score) and drug- free remission, and 
patient- reported outcomes (patient’s functional status [HAQ], 
global assessments of overall well- being and pain [NRS], and 
HRQoL [SF- 36]) and joint and eye surgery. Linear and logis-
tic regression models were applied to analyze the relationship 
between outcomes and the time until bDMARD start and to 
compare outcome variables between the 3 groups (G1, G2, and 
G3), adjusting for the generalized propensity score. The out-
comes were evaluated 10 years after JIA onset and at the last 
available follow- up. Survival analyses were used to investigate 
the probability that a synovectomy, arthroplasty, or eye surgery 
would be required after disease onset, including the Cox propor-
tional hazards model. Additionally, a nested case–control study 
was conducted as a sensitivity analysis. Patients from G1, G2, 
and G3 were matched according to disease duration at the last 
follow- up in JuMBO, with a maximum difference of 1 year to 
permit pairing with comparable disease duration. Missing values 
in categorical predictor variables were recoded by including an 
additional response category. The level of significance was 5%, 
and analyses were performed using SAS software, version 9.4.

RESULTS

Patients and disease characteristics. A total of 701 
JIA patients with a first bDMARD course were eligible for inclu-

sion in this analysis by December 15, 2016. These participants 
corresponded to 60% of all patients (n = 1,169) included in 
BiKeR who have ever been treated with bDMARDs and could 
have potentially been enrolled in JuMBO. The study patients 
were not different from those who were potentially eligible but 
who were not transferred to JuMBO, based on disease severity 
at their last BiKeR documentation (e.g., mean ± SD PhGA 2.45 
± 2.83 and 2.31 ± 2.85, respectively; P = 0.440).

The patients’ first bDMARD course most commonly 
comprised anti–tumor necrosis factor drugs (i.e., etanercept 
[n = 638, 91.0%] and adalimumab [n = 57, 8.1%]), followed 
by tocilizumab (n = 5, 0.7%) and anakinra (n = 1, 0.1%). A 
total of 78% of patients were enrolled in BiKeR at the start 
of bDMARD therapy, while the other 22% of patients started 
taking bDMARDs an average of 14 months after inclusion in 
BiKeR. At that time point, their disease activity (cJADAS- 10 
score mean ± SD 11.3 ± 5.8) and functional status (C- HAQ 
score mean ± SD 0.55 ± 0.49) were comparable to those at 
baseline. The total average observation period was mean ± 
SD 9.1 ± 3.7 years. The mean ± SD disease duration was 5.2 
± 4.4 years at BiKeR inclusion, and 14.3 ± 6.1 years at the 
last follow- up in JuMBO. Patient characteristics are shown in 
Table 1. Approximately 80% of patients (n = 566) had a dis-
ease duration of ≥10 years. In these cases, the first bDMARD 
treatment was started in 23% of patients within 2 years of JIA 
onset (G1), in 31% after 2 to 5 years of disease (G2), and in 

46% later in the disease course (G3).
There were significant differences among the 3 patient 

groups categorized according to disease duration at the first 
bDMARD start. Despite weighting analyses by generalized 
propensity score, significant differences among the 3 groups 
remained in the JIA category distribution (and accordingly, the 
proportion of patients with antinuclear antibody positivity and 
a history of uveitis), as well as in the percentage of patients 
enrolled in BiKeR in different years.

Patient outcomes and treatments at the last fol-
low- up in JuMBO. The outcomes after the mean follow- up 
of 14.3 years for the entire study group and for the different 
JIA categories are shown in Table 2. At the last follow- up, the 
median PhGA was 1 (interquartile range [IQR] 0–3), and the 
median cJADAS- 10 score was 4.5 (IQR 1.5–6.5). More than 
half of the patients (n = 361, 57.6%) reported no functional 
limitations (HAQ score = 0, median 0 [IQR 0–0.45]), and 135 
patients (21.6%) had no pain (pain = 0, median 2.0 [IQR 1–4]). 
The patients’ global assessment median overall well- being was 
2 (IQR 1–4), and 88 patients (14.0%) reported an optimal well- 
being (NRS = 0). At the last follow- up, 83% of patients were 
still using DMARDs, 43% were taking csDMARDs, and 72% 
were taking bDMARDs (Table 3). At the last follow- up, patients 
with an early bDMARD start (G1) were significantly more likely 
to be in drug- free remission and had a better functional  status 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
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Table 2. Outcomes at the time of the last JuMBO follow- up*

Parameters
Total group 

(n = 701)

Systemic 
JIA 

(n = 40)
RF– PA 

(n = 179)
RF+ PA 
(n = 76)

ERA 
(n = 151)

PsA 
(n = 65)

Persistent 
oligoarthri-

tis 
(n = 43)

Extended 
oligoarthri-

tis 
(n = 128)

Other 
arthritis 
(n = 19) P†

Age, years 23.4 ± 3.9 24.9 ± 4.7 23.2 ± 4.0 24.3 ± 4.2 23.3 ± 3.8 23.5 ± 3.9 22.2 ± 2.5 23.0 ± 3.8 26.5 ± 4.1 <0.001
Disease 

duration, 
years

14.3 ± 6.1 16.9 ± 6.5 14.5 ± 6.1 12.3 ± 4.9 11.9 ± 4.9 13.7 ± 5.7 14.2 ± 4.7 17.9 ± 5.1 13.5 ± 5.4 <0.001

PhGA of 
disease 
activity

1.8 ± 2.0 1.4 ± 1.3 1.7 ± 2.0 2.4 ± 2.2 1.6 ± 1.8 2.0 ± 2.1 1.5 ± 1.9 2.1 ± 2.3 1.1 ± 1.2 0.011

PhGA CID, 
no. (%)

269 (40) 17 (42.5) 78 (44.8) 23 (31.9) 58 (40.3) 21 (36.2) 15 (36.6) 49 (39.5) 8 (42.1) 0.369

PhGA 
remis-
sion off 
drugs, 
no. (%)

74 (10.6) 5 (12.5) 23 (12.9) 6 (8.0) 17 (11.3) 7 (11.3) 0 (0.0) 14 (10.9) 2 (10.5) 0.576

cJADAS- 10 4.9 ± 4.5 4.4 ± 4.1 4.7 ± 4.5 6.2 ± 5.2 4.0 ± 3.5 5.1 ± 3.8 4.3 ± 5.0 5.7 ± 5.2 4.5 ± 4.2 0.014
cJADAS- 10 

CID, no. 
(%)

166 (23.9) 13 (32.5) 48 (26.8) 15 (20.0) 41 (27.3) 7 (11.3) 14 (33.3) 22 (17.2) 6 (31.6) 0.072

cJADAS- 10 
remis-
sion off 
drugs, 
no. (%)

47 (6.7) 5 (12.5) 15 (8.4) 4 (5.3) 11 (7.3) 1 (1.6) 1 (2.4) 8 (6.3) 2 (10.5) 0.071

HAQ total 0.30 ± 0.51 0.34 ± 0.61 0.36 ± 0.59 0.37 ± 0.51 0.24 ± 0.43 0.29 ± 0.43 0.15 ± 0.40 0.26 ± 0.42 0.48 ± 0.83 0.348
Patient 

global 
assess-
ment of 
overall 
well- 
being

2.7 ± 2.2 2.3 ± 2.3 2.8 ± 2.3 3.0 ± 2.0 2.5 ± 2.2 3.0 ± 2.5 1.8 ± 2.0 2.9 ± 2.1 3.0 ± 2.5 0.165

Patient- 
reported 
pain

2.7 ± 2.4 2.0 ± 2.2 2.7 ± 2.5 3.0 ± 2.4 2.6 ± 2.4 2.9 ± 2.8 1.8 ± 2.3 2.9 ± 2.3 2.8 ± 2.6 0.083

SF- 36 PCS 46.5 ± 10.6 47.3 ± 11.5 46.3 ± 10.7 46.8 ± 9.5 47.3 ± 10.0 44.5 ± 11.5 49.7 ± 9.4 45.7 ± 10.6 44.2 ± 14.1 0.379
SF- 36 MCS 50.0 ± 8.9 51.3 ± 7.2 48.8 ± 9.8 49.5 ± 8.5 50.6 ± 8.8 51.0 ± 9.2 50.4 ± 9.1 49.7 ± 8.6 53.3 ± 8.7 0.044
Surgery 

ever, no. 
(%)‡

151 (21.5) 11 (27.5) 39 (21.8) 14 (18.4) 21 (13.9) 13 (20.0) 8 (18.6) 38 (29.7) 7 (36.8) 0.255

Synovec-
tomy

112 (16.0) 7 (17.5) 30 (16.8) 12 (15.8) 15 (9.9) 9 (13.9) 7 (16.3) 27 (21.1) 5 (26.3) 0.542

Arthro-
plasty

36 (5.1) 9 (22.5) 13 (7.3) 2 (2.6) 3 (2.0) 3 (4.6) 0 (0.0) 5 (3.9) 1 (5.3) <0.001

Eye sur-
gery

22 (3.1) 0 (0.0) 4 (2.2) 0 (0.0) 3 (2.0) 2 (3.1) 1 (2.3) 10 (7.8) 2 (10.5) 0.016

* Values are the mean ± SD unless indicated otherwise. The percentages refer to the number of patients with a valid measurement. JuMBO
= Juvenile Arthritis Methotrexate/Biologics Long- Term Observation; JIA = juvenile idiopathic arthritis; RF– PA = rheumatoid factor–negative 
polyarthritis; RF+ PA = rheumatoid factor–positive polyarthritis; ERA = enthesitis- related arthritis; PsA = psoriatic arthritis; PhGA = physician’s 
global assessment; CID = clinically inactive disease; cJADAS- 10 = clinical Juvenile Arthritis Disease Activity Score in 10 joints; HAQ = Health 
Assessment Questionnaire; SF- 36 = Medical Outcomes Study Short Form 36; PCS = physical component summary score; MCS = mental com-
ponent summary score. 
† Estimated by analysis of variance for continuously distributed variables and logistic regression for categorical variables. 
‡ Disease- related. 
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and well- being than those with a bDMARD start >2 years (G2) 
and 5 years (G3) after disease onset (see Supplementary Table 
1, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract). 
However, the patients’ disease duration was significantly dif-

ferent among the 3 groups.

Patient outcomes at the 10- year follow- up. Ten- year 
outcome analyses were conducted for 566 patients. The clinical 
and patient- reported outcomes for the 3 patient groups are cate-
gorized by the amount of time from symptom onset to bDMARD 
start in Table 3. Patients with an early bDMARD start (G1) were 
significantly more likely to be in drug- free remission, based on 
PhGA (P = 0.005) and cJADAS- 10 score (P = 0.014), than those 
patients with a bDMARD start >2 years (G2) and 5 years (G3) 
after disease onset. Patients in G1 also had a significantly lower 
mean disease activity and had less frequent functional limitations 
and restrictions to overall well- being than those patients with a 
bDMARD start after 5 years (G3) (Table  4). Patients in G1 had 
significantly lower mean disease activity as determined by PhGA 
(beta –0.4 [95% confidence interval (95% CI) –0.66, –0.17]; P < 
0.001) and cJADAS- 10 score (beta –1.1 [95% CI –1.72, –0.52]; 
P < 0.001) over the observation period than those patients in G2 
and G3. The outcomes at the follow- up, i.e., disease activity, the 
state of inactive disease, or remission off drugs, and functional 
limitations were significantly related to the time from JIA onset to 

bDMARD start (Table 4).

Surgery. Compared with patients in G3 (n = 67 [20.7%] with 
synovectomy), the risk of a synovectomy was significantly lower 
in patients with an earlier start of bDMARD therapy (G2: n = 31 
[14.4%], hazard ratio [HR] 0.32; P < 0.001; G1: n = 14 [8.7%], 
HR 0.17; P < 0.001), as shown in Figure 1. Patients in G3 had 
also undergone joint arthroplasty (n = 24 [7.4%]) more frequently 
than those in G2 (n = 9 [4.2%], HR 0.44; P = 0.099) and G1 (n = 
3 [1.9%], HR 0.34; P = 0.043) (Figure 2). Significant differences 
among the 3 groups were not observed with respect to eye sur-
gery, even though more patients in G3 had eye surgery (n = 18 
[5.6%]) than in G2 (n = 2 [0.9%], HR 0.19; P = 0.068) and G1 
(n = 2 [1.2%], HR 0.3; P = 0.087). In addition, patients with an 
ongoing higher disease activity (mean cJADAS- 10 score) during 
the observation period had a higher risk for a joint replacement 
(HR 2.25 [95% CI 1.05, 5.37]) or a synovectomy (HR 1.76 [95% 
CI 1.26, 2.47]).

Sensitivity analysis. To verify the robustness of results, 
additional analyses were performed in 1) patients of G1 separated 
into 2 groups, 1 with a duration of ≤1 year (G1a) between JIA 
onset and bDMARD start and another with a duration of >1 to 2 
years (G1b) (see Supplementary Table 2, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23709/abstract), 2) a more homogeneous JIA 
collective, i.e., patients with rheumatoid factor–negative polyar-
thritis (RF– PA), 3) patient groups by year of enrollment in BiKeR 
(≤2006 and ≥2007), and 4) patients matched for disease  duration 

Table 3. Treatment at the time of the last JuMBO follow- up*

Treatment
Total group 

(n = 701)

Time from symptom onset to bDMARD start

P†

G1 
≤2 years 
(n = 161)

G2 
>2 to ≤5 years 

(n = 216)

G3 
>5years 
(n = 324)

Any DMARD 579 (82.6) 115 (71.4) 178 (82.4) 286 (88.3) <0.001
csDMARD 302 (43.1) 54 (33.5) 104 (48.2) 144 (44.4) 0.014

Methotrexate 231 (33.0) 47 (29.2) 87 (40.3) 97 (29.9) 0.022
Leflunomide 32 (4.6) 3 (1.9) 7 (3.2) 22 (6.8) 0.027
Sulfasalazine 34 (4.9) 5 (3.1) 9 (4.2) 20 (6.2) 0.285
Other csDMARD 30 (4.3) 3 (1.9) 9 (4.2) 18 (5.6) 0.167

bDMARD 505 (72.0) 104 (64.6) 147 (68.1) 254 (78.4) 0.002
Etanercept 226 (32.4) 44 (27.3) 72 (33.3) 110 (34.0) 0.312
Adalimumab 138 (19.7) 29 (18.0) 44 (20.4) 65 (20.1) 0.828
Other bDMARD 36 (5.1) 8 (4.9) 5 (2.3) 23 (7.1) 0.021
Tocilizumab 71 (10.1) 15 (9.3) 17 (7.9) 39 (12.0) 0.241
Canakinumab 26 (3.7) 7 (4.4) 4 (1.9) 15 (4.6) 0.219
Anakinra 8 (1.1) 1 (0.6) 5 (2.3) 2 (0.6) 0.001

NSAID 187 (26.7) 32 (19.9) 59 (27.3) 96 (29.6) 0.071
Glucocorticoid 150 (21.4) 20 (12.4) 36 (16.7) 94 (29.0) <0.001

* Values are the number (%). JuMBO = Juvenile Arthritis Methotrexate/Biologics Long- Term Observation; bDMARD = biologic disease- 
modifying antirheumatic drug; csDMARD = conventional synthetic DMARD; NSAID = nonsteroidal antiinflammatory drug. 
† Group differences were tested by logistic regression analyses. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
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(nested case– control study). The additional analyses supported 
the results by also showing significantly better outcomes (or at 
least trends toward better outcomes) in terms of drug- free remis-
sion, functional ability, and overall well- being in early- treated 
patients (G1) compared to patients treated later (G2 and G3) (see 
Supplementary Tables 2a and 2b, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23709/abstract). The results were also confirmed after exclud-
ing systemic JIA patients (data not shown).

DISCUSSION

Over the past 18 years, the availability of effective therapies 
for children and adolescents with JIA has steadily grown (31,32), 

and disease management has changed tremendously (33,34). 
Biologic therapies, which are highly effective at slowing the inflam-
matory cascade (14,16), have become an integral part of JIA ther-
apy. However, therapy escalation is still taking place at very differ-
ent times during the course of JIA, as this analysis shows. Almost 
half of the total study population as well as those with RF– PA 
did not start their first bDMARD course until they had been ill for 
>5 years. According to the study results, however, an early start 
would very likely have led to better long- term outcomes. We found 
that patients who were refractory to or intolerant of conventional 
treatment and who started bDMARDs within the first 2 years of 
JIA diagnosis had a significantly higher likelihood of having a drug- 
free remission and full functional capability in early adulthood and 
a significantly lower likelihood of requiring joint or eye surgery.

Especially important is the finding that after 10 years of dis-
ease, 19% of patients with early bDMARD use were in a state of 
medication- free remission as defined by PhGA, compared to 10% 
and 5% of those with bDMARD treatment after 2–5 years and 
after 5 years of JIA, respectively. The same result was obtained 
when remission was defined according to the cJADAS- 10 score, 
with a slightly lower proportion of patients considered to be in 
remission in each group. Lower remission rates when using the 
cJADAS score instead of PhGA to define CID were also observed 
and discussed in a recent study (35).

The higher rate of drug- free remission in patients treated early 
is important, because it supports the concept of a window of 
opportunity for JIA. At present, a drug- free remission is the closest 
available proxy for being cured. This outcome is therefore most 
suited to evaluate whether an early period exists in which the dis-
ease is most susceptible to treatment (36). For rheumatoid arthritis 
(RA), the presence of a window of opportunity has convincingly 
been shown (36–38). This information has driven approaches for 
early and tight disease control in RA with the treat- to- target strat-
egy that is now also proposed for JIA (10,16,39). Patients treated 
early in this study spent the observation period of approximately 9 
years with a lower overall disease activity than those who started 
bDMARD therapy later. A late bDMARD start was associated with 
higher cumulative disease activity over time, which is a known 
predictor of disease damage in JIA (18). The importance of early 
aggressive treatment and the strong predictive ability of an early, 
robust response for achieving CID was already shown by the Trial 
of Early Aggressive Therapy study (26,40). The authors found that 
the likelihood of achieving CID in patients with polyarticular JIA by 
6 months increased by >30% for each month earlier that aggres-
sive treatment was started following disease onset (26,40,41).

In the current study, patients treated earlier also had lower 
mean disease activity, and had fewer functional and overall well- 
being restrictions than those who started bDMARDs later, despite 
less frequently using DMARDs and/or glucocorticoids in young 
adulthood. Significant differences in other patient- reported out-
comes were not observed. However, the HRQoL was relatively 
good overall. Even patients treated with bDMARDs late in their 

Figure  1. Time to first synovectomy in relation to initiation of a 
biologic disease- modifying antirheumatic drug (bDMARD). The 
projected rates of synovectomy differed among the 3 groups (log rank 
test P < 0.0001). JIA = juvenile idiopathic arthritis; FU = follow- up.

Figure  2. Time to first arthroplasty in relation to initiation of a 
biologic disease- modifying antirheumatic drug (bDMARD). The 
arthroplasty rates only significantly differed between G1 and G3 (log 
rank test P = 0.043). JIA = juvenile idiopathic arthritis; FU = follow- up.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23709/abstract
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disease had a mental health score similar to that of the general 
population and a physical health score similar to population- based 
adult JIA collectives (5,7). Pain, HRQoL, and disease activity are 
known to dissociate (42,43).

When interpreting the results of the current study, one has 
to consider that the study included only patients with severe, 
mainly polyarticular, JIA, all of whom qualified for bDMARD treat-
ment. Therefore, the drug- free remission rate in adulthood can-
not be transferred to the whole JIA spectrum. However, 40% of 
these patients were in CID at their last follow- up, and the median 
cJADAS- 10 score of 4.5 was similar to that of adult patients in 
population- based JIA cohorts (6,7).

To investigate the effects of early DMARD therapy on 
long- term prognosis, we used the first bDMARD instead of the 
first csDMARD, since most patients were enrolled in BiKeR at 
the start of bDMARD therapy. However, this distinction very 
likely does not affect our results because patients with an 
early bDMARD course also started csDMARDs early. Possible 
effects of the treatment decision on JIA outcome (confounding 
by indication) were modeled by propensity score methods, for 
which the patients’ BiKeR baseline parameters were taken into 
account. Despite weighting by generalized propensity score, 
the 3 groups were quite different, especially with regard to JIA 
category distribution. For example, patients with enthesitis- 
related arthritis were overrepresented in G1 and more frequently 
included in BiKeR in recent years. This overrepresentation can 
be explained by the limited evidence for csDMARD efficacy in 
this patient group (44) as well as by approval of bDMARDs for 
enthesitis- related arthritis only in 2012.

The proportion of patients with RF+ PA was also greater in G1 
(19%) than in G2 (13%) or G3 (5%). This finding reflects the treat-
ment approach of pediatric rheumatologists, who treat patients 
with poorer prognosis more intensively from the outset. RF+ PA 
patients are less likely to reach remission, have poorer outcomes, 
and are more likely to be treated with glucocorticoids and biologic 
agents than patients of other JIA categories (6,7,11,12). However, 
even though the proportion of RF+ PA patients was highest in 
G1, this group still had the best long- term outcome. In contrast, 
patients with extended oligoarthritis were found more often in the 
late bDMARD start group G3 (30%) than in G1 (3%). Later evolve-
ment to polyarthritis may be a reason for this finding. However, 
extension mainly occurs during the first 2 years of JIA (45). We 
have previously shown that patients with oligoarthritis are treated 
less intensively than patients with polyarticular JIA. Today, their 
outcomes are similar to or even worse than those of polyarticular 
JIA (11). This result was also found in the study of Nordal et al 
(6) for patients with extended oligoarthritis, who had a relatively 
poor prognosis, comparable to patients with RF+ PA. These find-
ings raise questions about the current treatment approach for oli-
goarthritis. Ravelli et al (46) have recently published a randomized 
controlled trial that investigated the early use of methotrexate in 
these patients. The data in the current study underscore the need 

for more research and new treatment strategies for this group of 
patients.

Weaknesses of this observational study from real life include 
the problems of missing values and of loss to follow- up, especially 
during transfer from pediatric to adult care. Patients who were lost 
during the transfer period had a slightly less severe disease course 
than the patients who did not. A further limitation is the absence 
of a randomized design. Study strength lies in the prospective, 
standardized, and well- monitored observation of a large group of 
bDMARD- exposed JIA patients up to adulthood and the use of 
propensity score methods to take into account possible effects of 
treatment decision on the outcome. In summary, we believe that 
this study demonstrates the benefits of early intervention and effec-
tive disease activity control for optimal JIA long- term prognoses. In 
patients who have failed csDMARDs, an escalation to bDMARDs 
within the first 2 years of disease seems beneficial. Which patients 
are to be escalated early should be further investigated.
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Childhood Arthritis and Rheumatology Research Alliance 
Consensus Treatment Plans for Juvenile Idiopathic 
Arthritis–Associated and Idiopathic Chronic Anterior Uveitis
Sheila T. Angeles-Han,1  Mindy S. Lo,2 Lauren A. Henderson,2 Melissa A. Lerman,3 Leslie Abramson,4 
Ashley M. Cooper,5 Miriam F. Parsa,6 Lawrence S. Zemel,7 Tova Ronis,8 Timothy Beukelman,9 Erika Cox,10 
H. Nida Sen,11 Gary N. Holland,12 Hermine I. Brunner,1 Andrew Lasky,13 and C. Egla Rabinovich,14 on behalf 
of the Juvenile Idiopathic Arthritis Disease-Specific and Uveitis Subcommittee of the Childhood Arthritis 
Rheumatology and Research Alliance

Objective. Systemic immunosuppressive treatment of pediatric chronic anterior uveitis (CAU), both juvenile idi
opathic arthritis–associated and idiopathic anterior uveitis, varies, making it difficult to identify best treatments. The 
Childhood Arthritis and Rheumatology Research Alliance (CARRA) developed consensus treatment plans (CTPs) for 
CAU for the purpose of reducing practice variability and allowing future comparison of treatments using comparative 
effectiveness analysis techniques.

Methods. A core group of pediatric rheumatologists, ophthalmologists with uveitis expertise, and a lay advisor 
comprised the CARRA uveitis workgroup that performed a literature review on pharmacologic treatments, held tele
conferences, and developed a case based survey administered to the CARRA membership to delineate treatment 
practices. We held 3 face to face consensus meetings using nominal group technique to develop CTPs.

Results. The survey identified areas of treatment practice variability. We developed 2 CTPs for the treatment of 
CAU, case definitions, and monitoring parameters. The first CTP is directed at children who are naive to steroid 
sparing medication, and the second at children initiating biologic therapy, with options for methotrexate, adalimu
mab, and infliximab. We defined a core data set and outcome measures, with data collection at 3 and 6 months after 
therapy initiation. The CARRA membership voted to accept the CTPs with a >95% approval (n = 233).

Conclusion. Using consensus methodology, 2 standardized CTPs were developed for systemic immunosuppres
sive treatment of CAU. These CTPs are not meant as treatment guidelines, but are designed for further pragmatic 
research within the CARRA research network. Use of these CTPs in a prospective comparison effectiveness study 
should improve outcomes by identifying best practice options.

INTRODUCTION

Pediatric chronic anterior uveitis (CAU) is an inflammatory 
ocular disease that can lead to vision loss and ocular complica-

tions in up to 60% of affected children (1–15). Idiopathic uveitis, 
i.e., without associated systemic illness, constitutes approx-
imately 50% of pediatric CAU (1,2,16–19). Juvenile idiopathic 
arthritis (JIA) is the most common systemic disease associated 
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with pediatric CAU, in which 10–15% of these children will 
develop CAU (20,21). Early detection and appropriate timely 
treatment may prevent sight- threatening complications such as 
cataracts, glaucoma, and synechiae (22).

Presently, there are no widely accepted approaches to the 
treatment of CAU. Few pediatric randomized controlled trials 
have been conducted, except for adalimumab in JIA- associated 
uveitis (23,24). Topical steroids are typical initial therapy, but 
prolonged use can lead to complications such as cataracts and 
increased intraocular pressure. Inadequate response to, and/or 
toxic effects from, steroids necessitate the addition of steroid- 
sparing immunosuppressive therapy. However, evidence for 
specific agents is lacking.

Best practice guidelines for management of pediatric 
CAU have been developed by multiple groups but are not 
widely adopted in North America (25–27). Examination of JIA- 
associated patients enrolled in the Childhood Arthritis and 
Rheumatology Research Alliance (CARRA) registry, a large 
registry of North American pediatric rheumatology patients, 
demonstrated that a broad range of biologic and nonbio-
logic medications is prescribed (28). Additionally, the lack of 
pediatric standardized outcome measures for CAU limits the 
comparison of treatment strategies. Management is further 
complicated by the need for close collaboration between oph-
thalmologists and rheumatologists, with disease assessment 
by ophthalmologists, while steroid- sparing systemic treatment 
typically is prescribed by rheumatologists.

Through CARRA, we developed standardized treatment 
approaches, i.e., consensus treatment plans (CTPs), for children 
with typical JIA- associated and idiopathic CAU. These CTPs 
are meant for use in pragmatic research within the CARRA net-
work and are not intended as standard treatment guidelines. We 
chose to include idiopathic CAU because systemic treatment 
approaches are the same as for JIA- associated uveitis, ocular 
complications are similar, and this condition affects an under-
served population for research. In addition, the antinuclear anti-
body plus CAU may represent a forme fruste of JIA. These CTPs 
were developed through a robust consensus process and rep-
resent current clinical practice of North American pediatric rheu-
matologists, with expert input from ophthalmologists specializing 
in uveitis care. These CTPs, as with other CTPs developed by 
CARRA, differ from expert guidelines in that they are treatment 
strategies developed by consensus methods among CARRA 
members, with the primary goal of streamlining care and reduc-
ing practice variability (29). Ultimately, formal implementation of 
these CTPs in the treatment of patients enrolled in the CARRA 
registry will facilitate comparative effectiveness studies of differ-
ent treatment approaches (29–33). We developed 2 CTPs with 
multiple treatment options intended for common CAU scenarios: 
initiation of methotrexate (MTX) therapy and initiation of biologic 
therapy.

MATERIALS AND METHODS

Core workgroup. A core workgroup of 10 board- 
certified pediatric rheumatologists with special interest in CAU, 
2 ophthalmologists with expertise in uveitis, and a parent of 
a child with JIA- associated uveitis was formed. Tasks of the 
workgroup included defining a target population, identify-
ing similarities and disparities among treatment approaches, 
reviewing the literature on comparative efficacies of treatment 
approaches, and achieving consensus on criteria to assess 
inflammation and treatment response. To identify relevant liter-
ature on uveitis treatment strategies, we performed a search 
of the PubMed database using the terms “juvenile arthritis,” 
 “uveitis,” “treatment,” “subcutaneous,” “oral,” “dose,” “meth-
otrexate,” “TNF inhibitor,” “etanercept,” “adalimumab,” and 
“infliximab” through April 1, 2014 and updated in July 2016. 
Besides face- to- face meetings, workgroup interactions 
occurred via teleconferences, surveys, and e-mail discussions 
between April 2012 and June 2016 (Figure 1).

SIGNIFICANCE & INNOVATIONS
• Systemic immunosuppressive treatment of chil-

dren with juvenile idiopathic arthritis–associated 
anterior uveitis and idiopathic chronic anterior uve-
itis varies significantly among pediatric rheumatol-
ogists.

• Consensus treatment plans for pediatric chronic 
anterior uveitis were developed by the Childhood 
Arthritis and Rheumatology Research Alliance to 
standardize systemic therapies for children with 
chronic anterior uveitis and enable comparison of 
treatments, with the goal of ultimately improving 
visual outcomes.

Figure 1. Flow chart of the Childhood Arthritis and Rheumatology Research Alliance (CARRA) process. CTPs = consensus treatment plans.
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Delphi survey. To better understand existing practice 
patterns in the treatment of CAU by the pediatric rheumatology 
community, we administered an anonymous web- based survey 
to CARRA voting members who actively treat children with CAU 
(trainees were ineligible). We presented clinical scenarios to iden-
tify common approaches for selection of an initial steroid- sparing 
agent in CAU, a second- choice steroid- sparing agent in the event 
of initial treatment failure in patients with and without complica-
tions from CAU, and a second- choice steroid- sparing agent in the 
event of intolerance to initial therapy (see Supplementary Appen-
dix A, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23610/abstract).

Consensus meetings. The first face- to- face meeting of the 
workgroup was held in April 2014. One ophthalmologist partici-
pated via conference call (HNS). A syllabus consisting of a sum-
mary of the preconsensus survey, prior phone discussions, litera-
ture review, and existing guidelines was presented. Two CTPs were 
drafted for 2 scenarios of uncontrolled CAU: initiation of MTX in 
children naive to steroid- sparing agents and initiation of biologic 
therapy in children with inadequate response or intolerance to MTX.

Modified nominal group technique was used to seek consen-
sus (defined as ≥75% agreement) on the 2 draft CTPs (30–33). 
The nominal group technique discussion was facilitated by an 
experienced moderator (HIB), and responses were tabulated by 
a non- voting CARRA member (LAH).These postconsensus CTPs 
were further refined by the uveitis workgroup during follow- up 
calls and via nominal group technique in face- to- face discussion 
in April 2015. An ophthalmologist (GNH) specializing in uveitis was 
present for these discussions.

The CTP strategies on the use of MTX and tumor necrosis 
factor inhibitor (TNFi) for CAU were presented to the CARRA JIA 
research committee in April 2016. Approval was obtained after 
members reviewed patient characteristics, data collection items, 
collection time points, primary and secondary outcomes, and the 
final CTP strategies. Consensus was based on a show of hands 
or on anonymous formal voting when needed. The number of vot-
ing members varied at each session, and thus our vote numbers 
varied. We disseminated final CTPs to the CARRA- wide member-
ship as an anonymous online survey to confirm willingness to use 
at least 1 of the treatment plans to support comparative effective-
ness research.

RESULTS

Delphi survey results. Our case- based survey was sent to 
all CARRA members (see Supplementary Appendix A, available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23610/abstract). We received 129 responses 
(50% response rate). Five respondents indicated that they did not 
provide care for children with uveitis and were excluded from the 
analysis.

For a child with CAU that is not controlled by topical gluco-
corticoids, MTX was most frequently selected as the initial sys-
temic drug. Respondents could select more than 1 response; half 
of the respondents (n = 60 of 120; 50%) selected oral dosing 
as the initial mode of administration, while subcutaneous dosing 
was selected more frequently (79 of 120; 66%). Therapy with a 
TNFi, with or without concomitant use of MTX, was less frequently 
selected (1–6%).

For patients with continued uncontrolled uveitis despite MTX, 
most (114 of 120; 95%) would add, instead of substitute, a sys-
temic immunosuppressive agent. Adalimumab (73 of 117; 62%) 
was favored over infliximab (40 of 117; 34%). In contrast, in a child 
with uncontrolled uveitis and uveitis- related complications despite 
MTX, infliximab (63 of 120; 53%) was favored over adalimumab 
(52 of 120; 43%).

In the case of MTX intolerance requiring drug discontinuation 
in a child with inactive uveitis, adalimumab was the most frequently 
selected alternative (66 of 112; 59%), followed by mycophenolate 
mofetil (29 of 112; 26%), and infliximab (13 of 112; 11%). Less fre-
quently selected systemic therapies included abatacept (2 of 112; 
2%), azathioprine (1 of 112; 1%), and etanercept (1 of 112; 1%). 
Key questions considered important to address through a CTP 
were the timing of and criteria for initiation of a systemic agent, 
selection of first- line and second- line therapies, and criteria for 
assessing response to therapy.

Face- to- face consensus meetings. Based on the prac-
tice variability noted in the preconsensus survey, the workgroup 
agreed to develop CTPs that would determine the preferred form 
of MTX administration and preferred biologic therapy for CAU. 
Accordingly, we developed 2 CTPs for children with uncontrolled 
CAU: 1 for initiation of MTX in patients who have failed topical 
steroids, and 1 for initiation of TNFi therapy. Consensus on these 
CTPs was achieved by the JIA research committee at the 2016 
CARRA annual meeting (27 of 28 [96%] and 25 of 25 [100%], 
respectively).

Target population. Table  1 defines the patient popu-
lation targeted for these CTPs. There was consensus among 
the uveitis workgroup at the 2014 meeting and the CARRA JIA 
research committee in 2016 that these CTPs are appropriate 
for CAU that is idiopathic or JIA- associated, the most common 
categories of pediatric noninfectious uveitis. Although enrolling 
2 distinct patient populations may introduce heterogeneity in the 
observed response to therapy, both are treated similarly, and a 
diagnosis of JIA does not influence outcomes (21). Two distinct 
target populations emerged from the consensus discussions, 
each with their own CTPs. The first CTP is for children naive to 
steroid- sparing therapy and compares oral versus subcutaneous 
MTX administration. The second CTP is for a heterogeneous pop-
ulation of children initiating a TNFi: failed MTX, intolerant of MTX, 
or naive to MTX but with need for urgent treatment as determined 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23610/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23610/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23610/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23610/abstract
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by the  clinician (e.g., patients presenting with acute uveitis and 
ocular complications from either uveitis or steroid therapy). This 
CTP compares adalimumab weekly, adalimumab every other 
week, and infliximab. Based on expert opinion, the more severely 

affected eye will dictate treatment in bilateral disease.
Both CTPs are suitable for the treatment of children who fulfill 

any of the following criteria: ongoing uveitis activity despite the use 
of topical steroids, worsening uveitis activity while using topical 
steroids, recurrent uncontrolled disease (≥1+ anterior chamber 
[AC] cell) with tapering of topical steroids to twice daily or less, 
development of new ocular complications attributable to either 
inflammation or treatment during topical steroid therapy, or intol-
erance or inability to adhere to therapy with topical glucocorticoid 
drops. Examples of complications include increased intraocular 
pressure, hypotony, cataracts, posterior synechiae, band keratop-
athy, and cystoid macular edema. While a twice- daily dosage of 
topical steroids is not preferred for long-term management, it 
is acceptable based on expert opinion, because this dosage is 
accepted by the ophthalmology community for patients who do 

not have glucocorticoid- induced ocular hypertension (34). There 
was consensus that these CTPs could also be applied to children 
taking systemic steroids or with a history of unsuccessful sub-
tenon steroid injections.

Experts agreed that the CTPs were not designed for the 
treatment of children in other uveitis categories, i.e., intermedi-
ate and posterior uveitis, symptomatic acute unilateral anterior 
uve itis, uveitis attributable to other inflammatory conditions (e.g., 
sarcoidosis, Behçet’s disease), the presence of ocular comor-
bidities that could affect interpretation of outcomes, and con-
traindications to therapy (Table 1). There was ≥80% consensus 
on all points. The CTPs were restricted to CAU, because this 
condition is most common in children, along with the lack of 
generally accepted criteria to assess disease activity in inter-
mediate, posterior, or panuveitic uveitis. Patients with previous 
exposure to a biologic agent within 3 months prior to enrollment 
are also not appropriate for these CTPs.

Categorization of uveitis disease activity. Consensus 
was achieved to adopt the Standardization of Uveitis Nomencla-
ture (SUN) Working Group methods of reporting clinical data (35) 
(Table 2). These methods include a grading scheme for AC cells 
and flare, uveitis activity, ocular complications, and outcomes. 
There was consensus that the course of uveitis can be catego-
rized as inactive, worsened, improved, or controlled based on the 

degree of AC cells (35).
There was consensus to define adequately controlled CAU 

as follows: not using systemic steroids, ≤0.5+ AC cells, using 
topical steroids ≤2 drops/day, and no new ocular complica-
tions for at least 3 months. We agreed with the consensus that 
although 0.5+ AC cells is considered active by SUN criteria, we 
would not necessarily escalate therapy based on the presence of 
0.5+ cells. For the purposes of these CTPs, the presence of AC 
cells ≥1+ (6–15 cells/high- power field) constitutes uncontrolled 
uveitis.

Table  1. Characteristics of patients for use of the consensus 
treatment plans

Patients should have
Anterior uveitis only, idiopathic or juvenile idiopathic 

 arthritis–associated
Age <18 years at enrollment
Uncontrolled chronic active uveitis, as evidenced by any of 

the following: 
Ongoing uveitis activity, ≥1 (6–15 cells/high- power field) 

despite use of topical steroids or if unable to adhere to 
are or intolerant of topical steroids

Worsening uveitis activity while using topical steroids
Recurrent disease (≥1) with taper of topical steroids to 

twice per day or less
Development of new ocular complications attributable to 

inflammation or treatment during topical therapy*
Patients should not have

Panuveitis, intermediate uveitis, or posterior uveitis
Acute unilateral anterior uveitis
Retinal vasculitis
Active systemic infection or infectious uveitis
Uveitis associated with systemic disease other than juvenile 

idiopathic arthritis (e.g., Behçet’s disease, sarcoidosis)
Contraindication to either methotrexate or anti–tumor 

necrosis factor therapy
Exposure to biologic therapy within prior 3 months
Ocular comorbidity not due to uveitis
Corrected visual acuity <20/200 not due to active uveitis
Pregnancy
History of malignancy

* Complications include increased intraocular pressure, hypotony,
cataracts, posterior synechiae, band keratopathy, and cystoid mac-
ular edema. 

Table 2. Grading scheme for anterior chamber cells*

Grade Cells in field†

0 0

0.5+ 1–5
1+ 6–15
2+ 16–25
3+ 26–50
4+ >50

* Adapted Standardization of Uveitis Nomenclature definitions of
disease activity (ref. 22): inactive (grade 0 cells in anterior cham-
ber), worsening activity (2- step increase in inflammation by ante-
rior chamber cells, or 3+ to 4+), improved activity (2- step decrease 
in level of inflammation by anterior chamber cells, or decrease to 
0), remission (inactive disease for ≥3 months after discontinuing all 
treatments for eye disease). 
† Field size is 1 mm × 1 mm slit beam. 
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MTX therapy CTP. Patients with CAU as defined, naive 
to steroid- sparing therapy, are appropriate for the MTX CTP. 
Although the majority of the uveitis workgroup agreed that sub-
cutaneous MTX has higher bioavailability and is preferred over 
oral administration, data for superior efficacy of subcutaneous 
administration are lacking. In addition, a survey of pediatric rheu-
matologists indicated both routes are used equally (28). Therefore, 
both oral and subcutaneous MTX are treatment options. Dosing 
for MTX is 0.5–1 mg/kg/week, with a maximum of 30 mg/week; 
doses closer to 1 mg/kg/week are preferred (Figure 2).

Consensus was reached that 3 months of treatment are 
necessary before assessing MTX efficacy. After 3 months, the 
recommendation is for patients who failed MTX to change to 
the TNFi CTP. For children receiving oral MTX, an alternative is 
to enter the subcutaneous MTX treatment arm. In addition, JIA 
patients who develop new uveitis while taking MTX for arthritis 
would be considered to have failed MTX; the TNFi CTP should 
be considered.

TNFi CTP. Patients who fail MTX should be considered for 
the TNFi CTP using monoclonal antibody TNFi. For patients who 
are not intolerant of MTX, TNFi should be added to, rather than 
replace, MTX. The TNFi CTP can also be considered for MTX- 
naive patients with uncontrolled uveitis (≥1+ AC cells) and severe 
disease (e.g., ocular structural complications due to uveitis or 
complications of topical steroid therapy on presentation). MTX 
should be started simultaneously, using either the subcutaneous 

or oral MTX options from the MTX CTP. Consensus was achieved 
at the 2015 meeting that we would not specifically define “severe 
disease” at this time but that the TNFi CTP should be considered 
at the provider’s discretion. Although inclusion of patients who are 
MTX naive and who failed MTX may confound the analysis of out-
comes, we should be able to correct for this problem in analysis 
and do not want to limit therapy in children for whom the clinician 
has determined that TNFi initiation is necessary.

There was unanimous agreement that etanercept has no 
role in the treatment of pediatric uveitis and that there are insuffi-
cient data to recommend either adalimumab or infliximab as the 
preferred agent. Selection is left open to the treating provider, 
acknowledging that there may be individual factors influencing this 
decision, such as patient preference for medication route, insur-
ance coverage, and adherence concerns.

The TNFi CTP includes 3 treatment options: adalimumab 
subcutaneous injections weekly, adalimumab subcutaneous 
injections every other week, and infliximab infusions every 4 weeks 
after loading. Dosing for adalimumab parallels that for polyarticular 
JIA: 10 mg for patients 10 kg to <15 kg, 20 mg for patients 15 kg 
to <30 kg, 40 mg for patients ≥30 kg (Figure 3). The workgroup 
agreed that the adalimumab dose can be escalated 8 weeks after 
initiation if uveitis remains uncontrolled (≥1+ AC) or if the patient is 
unable to begin tapering steroids after 4 weeks due to persistent 
CAU. Dose escalation through either doubling the every- other- 
week dose (if the patient is taking 10 or 20 mg) or increasing the 
frequency to weekly are equally acceptable.

Figure 2. Dosing scheme for methotrexate (MTX). PO = by mouth; SQ = subcutaneous; TNFi = tumor necrosis factor inhibitor; CTP = 
consensus treatment plan.
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Dosing for infliximab starts at 6–10 mg/kg (Figure 3). A load-
ing regimen is recommended, giving infusions at 0 and 2 weeks, 
followed by every 4 weeks thereafter. Dose escalation is permitted 
based on a physical examination after 8 weeks, up to a maxi-
mum dose of 20 mg/kg. The MTX dose can be lowered while the 
patient is receiving a TNFi. The CARRA JIA research committee 
agreed with an infliximab dosing range of 6–10 mg/kg (27 of 28; 
96%), and with both a weekly and every other week adalimumab 
dosing arm (27 of 28; 96%).

Core documentation for children with CAU. We 
defined the data collection items, time points, and outcome 
measures for data collection through consensus discussions 
at the 2015 meeting (10 of 13; 77%), and obtained approval 
by the JIA committee (26 of 26; 100%). Data will be collected 
at enrollment, 3 months, and 6 months. An eye examina-
tion should occur within 6 weeks after starting therapy but 
will not be considered a separate study visit. All eye exam-
ination records in between study visits should be reviewed. 
Data points include demographics, uveitis clinical data (dura-
tion, age at uveitis onset, JIA- associated or idiopathic uveitis, 
anatomic location, laterality, AC cells by SUN criteria, visual 
acuity, ocular complications, and ocular surgeries), reason for 
nonadherence to topical steroids if applicable, current and 
maximum daily steroid use (topical and systemic), start and 
stop dates of medications, and patient- reported outcome 
measures (Table 3). Patient- reported outcomes will include the 
Patient- Reported Outcome Measurement Information System 
global health scale, and the Effects of Youngsters’ Eyesight 
on Quality of Life instrument (36,37). Adverse effects of ther-
apy, such as leukopenia and hepatorenal toxicity from MTX, 
will be recorded. The schedule for monitoring the toxicity of 

medications is deferred to the prescribing physician. Definitions 
of disease activity, recurrence, flare, and complications will be 

Figure 3. Dosing scheme for adalimumab and infliximab. JIA = juvenile idiopathic arthritis; * = Dose escalation: either doubling the every-
other-week dose (if patient is taking 10 or 20 mg) or increasing frequency to weekly are equally acceptable.

Table 3. Data collection points at 0, 3, and 6 months and/or end 
of study*

Variables 0 months
3 and 6 months 

and/or end of study

Baseline
Disease duration X –
Age at disease onset X –
JIA subtype or idio-

pathic uveitis
X –

Uveitis 
Anatomic location X X
Laterality X X
Anterior chamber 

cells by SUN 
criteria

X X

Visual acuity X X
Ocular complica-

tions
X X

Ocular surgeries X X
Patient- reported 

outcomes
Visual analog scale X X
Overall QOL: 

PROMIS global 
health score

X X

Uveitis related QOL: 
EYE- Q

X X

* JIA = juvenile idiopathic arthritis; SUN = Standardization of Uveitis
Nomenclature; QOL = quality of life; PROMIS = Patient- Reported 
Outcome Measurement Information System; EYE- Q = Effects of 
Youngsters’ Eyesight on Quality of Life. 
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based on SUN criteria (35) (Table 2). Ophthalmology examina-

tion results will be included.

Interpretation of patient response. The primary 
outcome is defined as improvement or worsening of AC cells 
at 6 months as defined by SUN criteria. Secondary outcome 
measures include the proportion with inflammation of <1+ cells, 
visual acuity, eye complications, eye surgeries, patient- reported 
outcomes, adverse events, and glucocorticoid use. Most uveitis 
specialists have a goal of reducing AC cells to below a threshold 
of 1+ cells.

Treatment failure is defined as ongoing uncontrolled uveitis, 
development of damage/eye complications, or intolerance/non-
adherence to treatment. Another CTP treatment arm can be con-
sidered for patients who fail initial treatment. If treatment changes 
for arthritis but not uveitis, or if the patient chooses not to continue 
in the CTP, this fact will be captured by the CTP.

MTX intolerance. Suggestions for management of MTX 
intolerance were considered beyond the scope of these CTPs. 
The workgroup emphasizes that MTX intolerance can often be 
managed through the use of anti- emetics, folic acid, and/or leu-
covorin and through dose adjustment, but children experiencing 
MTX intolerance can also be considered for the TNFi CTP.

Systemic steroids. The workgroup acknowledged that 
provision and dosing of systemic and topical glucocorticoids 
are typically made by the treating ophthalmologist, rather than 
the rheumatologist. Therefore, this CTP does not include glu-
cocorticoid recommendations. However, based on expert 
opinion, systemic steroids should be avoided in the treatment 
of CAU. Systemic steroids should be used only as a temporiz-
ing mea sure while awaiting efficacy of steroid- sparing therapy, 
and ste roid taper should begin no later than 2 weeks after 
initiation of a steroid- sparing agent. This approach was unan-
imously agreed upon by the CARRA JIA committee (27 of 27; 
100%).

Ophthalmology screening. Although the American Acad-
emy of Pediatrics has guidelines for ophthalmology screening of 
children with JIA, no guidelines exist for children with a history of 
CAU. Expert consensus was reached that children with uncon-
trolled uveitis should be monitored at least every 2–6 weeks (27 
of 28; 96%).

Third- line therapy. Insufficient data exist to support rec-
ommending treatment of uveitis refractory to MTX and TNFi. 
Although consensus was not achieved, members considered 1 
or more of these medications: mycophenolate mofetil (13 of 18; 
72%), abatacept (10 of 18; 56%), cyclosporine (7 of 18; 39%), 
tocilizumab (6 of 18; 33%), golimumab (1 of 18; 5%), azathio-

prine (1 of 18; 5%), leflunomide (1 of 18; 5%), and rituximab (1 
of 18; 5%). These preferences may change as experience with 
these agents grows.

Post- consensus survey. The workgroup sought 
approval from the CARRA- wide membership through an online 
survey. The response rate was 81% (n = 247 of 306); among 
the respondents, 10% (24 of 247) reported that they did not 
manage uveitis, and their responses were excluded. Consen-
sus was achieved on the target population (216 of 223; 97%) 
and on the criteria for application of the TNFi CTP (215 of 223; 
97%). A total of 96% (215 of 223) reported willingness to use 
at least 1 arm of the MTX CTP and 99% (220 of 223) at least 1 
arm of the TNFi CTP. There was broad consensus on the data 
collection measures outlined above.

DISCUSSION

Informed by the available medical evidence, expert consen-
sus was achieved among pediatric rheumatologists and oph-
thalmologists participating in CARRA on treatment strategies for 
children with CAU. Thus, these CTPs may provide general guid-
ance for the management of typical pediatric CAU, but they are 
not meant as treatment guidelines. Rather, as with CTPs devel-
oped for other rheumatologic conditions, these CTPs are primarily 
intended to facilitate future comparative effectiveness research 
within the CARRA network (29).

Two CTPs were developed for use in patients enrolled in the 
CARRA registry: 1 for MTX in children without prior exposure to 
disease- modifying antirheumatic drugs, and the other for TNFi 
therapy in children who failed MTX, are MTX intolerant, or are in 
need of urgent treatment as determined by the clinician. These 
CTPs may not be relevant for cases that do not fit the most com-
mon scenarios described here. Active uveitis may be associated 
with active arthritis; these plans are intended to be used in situa-
tions where uveitis is guiding the choice of therapy.

In general, MTX is the first- line agent for children with uve-
itis in need of systemic immunosuppression. In complicated 
or refractory disease, infliximab and adalimumab are equally 
preferred, and few data support superiority of either TNFi 
(38–43). Small studies suggest that adalimumab may be as 
effective as or superior to infliximab in achieving remission, but 
differences in the dose and frequency were given (41,44–46). 
Doses of infliximab >7.5 mg/kg and as high as 20 mg/kg/
dose every 4 weeks may be necessary for recalcitrant dis-
ease (42,47–49). Our CTPs are intended to help standardize 
treatment approaches while also allowing future comparison 
of different treatment strategies in observational comparative 
effectiveness studies. Accordingly, our CTPs provide options 
that allow for comparatively higher dose regimens of TNFi than 
previously published guidelines.
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In addition to standardization of care, a need also exists 
for standardized outcome measures. The SUN criteria can be 
used for measuring treatment response. Heiligenhaus et al (50) 
proposed outcome measures specific for children with JIA- 
associated uveitis. We propose an expanded group of outcome 
measures through these CTPs (Table 3).

Regular monitoring by an ophthalmologist experienced in 
uveitis is crucial. Although guidelines for children with JIA exist, 
none exist for children with idiopathic uveitis, because this 
condition typically falls within the treating ophthalmologist’s 
purview. We suggest that children with uncontrolled uveitis or 
who are undergoing therapy changes be monitored at least 
every 2–6 weeks. In addition, if access to a uveitis specialist 
is available, all children should be evaluated at least once. We 
emphasize the importance of close communication between 
pediatric rheumatologists and ophthalmologists to ensure the 
best visual outcomes. This coordination can be done through 
shared medical records, combined subspecialty clinics, and/
or standardized communication forms.

These CTPs address 2 important issues in CAU treat-
ment. First, the preferred route of MTX administration is 
unknown. Subcutaneous administration has higher bioavail-
ability and may have fewer gastrointestinal side effects (51,52). 
Since the route of administration will be based on the provid-
er’s and patient’s preference, we may be able to optimize the 
route through the conduct of observational studies of patients 
treated with these CTPs, which will also enable comparative 
study of adalimumab and infliximab.

A limitation of these CTPs is the inability to recommend a 
tapering schedule for topical steroids, as this decision is made 
by ophthalmologists. Collaboration between subspecialties is 
crucial. As with any analysis of JIA- associated uveitis therapy, 
treatment may be guided by arthritis. This confounder would be 
captured in data collection and outcomes would not be used 
for comparison. Since data on treatment using other TNFi drugs 
are lacking, they were not included in this CTP. With implemen-
tation of these CTPs using the CARRA registry in comparative 
effectiveness research, we can address factors associated with 
treatment success, including preferred duration of therapy and 
the risk of relapse after medication discontinuation (49,53,54).

There is significant variability in current treatment strategies 
of CAU. We outline a consensus- based strategy to standard-
ize the initial care of children with JIA- associated and idiopathic 
CAU. Standardizing care will enable comparative effectiveness 
studies and future clinical trials, as well as identification of pre-
ferred treatment, and will ultimately optimize visual outcomes for 
children with CAU.
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B R I E F  R E P O R T

Association Between Nailfold Capillary Density and 
Pulmonary and Cardiac Involvement in Medium to 
Longstanding Juvenile Dermatomyositis
Zoltan Barth,1 Thomas Schwartz,2 Berit Flatø,3 Trond M. Aaløkken,4 Akos Koller,5 May B. Lund,6  
Ivar Sjaastad,2  and Helga Sanner7

Objective. To explore the associations between microvascular abnormalities as assessed by nailfold capillaros-
copy (NFC) and pulmonary and cardiac involvement in patients with juvenile dermatomyositis (DM) who are assessed 
after medium-  to long- term follow- up.

Methods. Fifty- eight patients with juvenile DM were examined a mean ± SD of 17.0 ± 10.6 years after symptom 
onset. Nailfold capillary density (NCD) and a neovascular pattern (defined as an active or late scleroderma pattern) 
were analyzed, with blinding to clinical data. Pulmonary involvement was assessed by pulmonary function tests in-
cluding spirometry, diffusing capacity for carbon monoxide (DLco), and body plethysmography. High- resolution com-
puted tomography (HRCT) was also performed. Cardiac involvement was assessed by electrocardiography, Holter 
monitoring (heart rate variability), and echocardiography.

Results. Patients with low NCD (<6 capillaries/mm) (n = 21), compared to patients with normal NCD (≥6 capillar-
ies/mm) (n = 37) had lower forced vital capacity (89.7% versus 98.5% predicted), total lung capacity (87.8% versus 
94.5% predicted), and more often had low DLco values (15 [71%] of 21 patients versus 14 [38%] of 37 controls) (all P 
< 0.05). Use of HRCT to assess airway disease was more frequent in the group with low NCD (6 [30%] of 20 patients 
versus 3 [8%] of 36 patients in the normal NCD group; P = 0.034). No associations between NCD and cardiac param-
eters or between neovascular pattern and pulmonary or cardiac parameters were observed.

Conclusion. In patients with juvenile DM, low NCD was associated with lung involvement, which was mostly 
subclinical. No significant associations with cardiac involvement were observed. These results shed light on possible 
mechanisms underlying organ involvement, but further and preferably larger studies are needed to identify NCD as a 
potential biomarker for lung and cardiac involvement in juvenile DM.

INTRODUCTION

Juvenile dermatomyositis (DM) is a rare autoimmune my op-
athy with a childhood origin and is characterized primarily by 
pathognomonic skin rashes and muscle weakness. Juvenile DM 

is considered to be a multisystemic vasculopathy in which auto-
immune mechanisms target small vessels. Systemic vasculopa-
thy and the consequent microvascular remodeling might play an 
important role in the involvement of various organs, including the 
heart and lungs.
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Pulmonary involvement is a relatively infrequent compli-
cation in patients with juvenile DM and is associated with a 
poor prognosis (1). Interstitial lung disease (ILD) and impaired 
pulmonary function tests (PFTs) are the most frequent find-
ings. Although pulmonary involvement is mostly subclinical, 
rapidly progressive ILD has been shown to be a major cause 
of death in Japanese patients with juvenile DM (2). Clini-
cally important cardiac involvement is even more sporadic 
in patients with juvenile DM; however, abnormal  findings 
assessed by electrocardiography (ECG) and echocardiog-
raphy have been observed both early (3) and late (4,5) in 
the disease course. Notably, even if the clinical relevance of 
these subtle cardiac abnormalities has yet to be determined, 
cardiac monitoring is recommended for patients with juvenile 
DM (6).

Nailfold capillaroscopy (NFC) is a simple, noninvasive 
technique that can be used to evaluate the microvascular 
architecture. It has been hypothesized that NFC might be a 
putative biomarker in autoimmune rheumatic diseases; pilot 
studies in patients with systemic sclerosis (SSc) have shown 
associations with peripheral vascular and pulmonary involve-
ment (7). Additionally, microvascular changes in the nailfolds 
are associated with pulmonary involvement (7–9) and might 
be predictive of future severe organ involvement in SSc (9). 
Patients with SSc with striking microvascular abnormalities 
also more frequently presented with cardiac involvement and 
decreased heart rate variability (HRV), although the findings 
are conflicting (7). In adults with DM, NFC findings were asso-
ciated with pulmonary but not cardiac involvement (10,11). Of 
note, cardiac- related pathologies were uncommon in most 
of these studies (7,10). Thus, there are data suggesting that 
NFC may be a useful tool to investigate organ involvement in 
adults with rheumatic diseases; however, there are no studies 
addressing this issue in juvenile DM or in other pediatric rheu-
matic diseases.

Our group has established a cohort of Norwegian 
patients with juvenile DM. Patients in this cohort (which has 
been thoroughly described with regard to NFC [12], pulmo-
nary involvement [13], and cardiac involvement [4,5,14]) were 
clinically examined after medium-  to long- term follow- up. 
Patients showed more abnormal findings in all NFC  measures 
compared to age-  and sex- matched controls. Nailfold capil-
lary density (NCD), low NCD (defined as <6 capillaries/mm), 
and neovascular pattern (defined as an active or late sclero-
derma pattern) were shown to be the most applicable NFC 
measures (12). Compared to controls, patients had smaller 
lung volumes and reduced gas diffusion capacity. In addition, 
37% of patients showed abnormalities as assessed by high- 
resolution computed tomography (HRCT) (13). Moreover, 
in our cohort, patients had cardiac abnormalities including 
decreased systolic (4) and diastolic function (5), reduced HRV 
(14), and more ECG- detected pathologies (5) compared to 
matched controls.

No studies have investigated the association between 
NFC findings and pulmonary or cardiac involvement in patients 
with juvenile DM. Thus, the objective of the current study was 
to investigate the possible relationship between NFC and pul-
monary and cardiac measures in patients with juvenile DM who 
were examined after medium-  to long- term follow-up.

PATIENTS AND METHODS

Study design and cohort. Our established Norwegian 
juvenile DM inception cohort consists of 60 patients in whom 
juvenile DM was diagnosed between January 1970 and June 
2006 (15). Inclusion criteria included a probable or definitive 
diagnosis of DM according to the Bohan and Peter criteria, dis-
ease onset before age 18 years, ≥24 months from symptom 
onset to follow- up, and age at follow- up ≥6 years. Informed con-
sent was obtained from all patients (and parents, for patients 
ages >16 years), and the Regional Ethics Committee approved 
the study (S- 05144).

Data collection and clinical and laboratory mea
surements. Patients were clinically examined after a mean 
disease duration of 17 years. Disease onset was defined as the 
time of the first muscle or skin symptom, and disease duration 
was defined as the time from disease onset to the follow- up 
examination. We have previously published data on NFC in rela-
tion to general disease variables in this cohort (12), as well as 
data on pulmonary (13) and cardiac outcomes (4,5,14).

NFC. A Scalar video microscope (VideoCap; DS 
 MediGroup) was used for NFC examinations (performed 
by HS) (12). The analyses were performed by ZB, who was 
blinded to clinical information. VideoCap 8.20 software (Vid-
eoCap; DS MediGroup) was used for image analysis. NCD 

SIGNIFICANCE & INNOVATIONS
• In patients with juvenile dermatomyositis (DM) as-

sessed after medium- to long-term follow-up, low 
nailfold capillary density (NCD) is associated with im-
paired pulmonary function tests and high-resolution 
computed tomography–detected airway  disease.

• NCD is not significantly associated with cardiac in-
volvement, including systolic and diastolic dysfunc-
tion, echocardiographic abnormalities, and heart 
rate variability.

• These findings shed light on the role of microvascu-
lar remodeling for organ involvement, but further 
and larger studies are needed to assign a possible 
role of NCD as a biomarker for organ involvement 
in juvenile DM.
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and neovascular pattern (defined as active or late scleroderma 
pattern) were assessed, as previously described in detail (12). 
The cutoff used for low NCD was <6 capillaries/mm (12). In 
our inception cohort, 1 patient was not examined with NFC, 
and 1 patient was excluded due to a limited number of availa-
ble NFC recordings of good quality; thus, data for 58 patients 
were used for further analyses.

Pulmonary assessment. PFT. All PFT measurements, 
including spirometry (forced vital capacity [FVC]), measure-
ments of gas diffusion (diffusing capacity for carbon monoxide 
[DLco]), and body plethysmography (total lung capacity [TLC]), 
were performed on a computerized Vmax pulmonary function 

unit (Viasys). All spirometry variables were measured in accor-
dance with current guidelines (13). The PFT variables were ex-
pressed as percent predicted (13). Low FVC, TLC, and DLco 
values were defined as less than the 5th percentile of predicted 
values, and PFT abnormality was defined as low TLC and/or low 
DLco  values.

HRCT. HRCT was performed in 56 patients, using a Light-
Speed 16 scanner (GE Healthcare). An experienced radiologist 
(TMA) who was blinded to clinical information read the images 
and scored the presence of ILD (reticular pattern with or with-
out traction bronchiectasis, and/or ground- glass opacity), and 
airway diseases (bronchiectasis, and/or air trapping, and/or 
 micronodules) (13).

Table 1. Characteristics and pulmonary and cardiac measures in patients with juvenile dermatomyositis, stratified by normal and low NCD*

All patients 
(n = 58)

Normal NCD 
(n = 37)

Low NCD 
(n = 21) P

Patient characteristics
Female 36 (62) 21 (57) 15 (71) 0.268
Age, mean ± SD years 25.4 ± 12.5 27.9 ± 12.9 19.8 ± 8.8 0.013†
Disease duration, mean ± 

SD years
17.0 ± 10.6 19.8 ± 10.9 12.1 ± 8.4 0.008‡

NCD, mean ± SD 
capillaries/mm

6.4 ± 2.1 7.7 ± 0.9 4.2 ± 1.6 NA

PFTs
FVC, mean ± SD percent 

predicted
95.3 ± 12.4 98.5 ± 12.3 89.7 ± 10.6 0.008‡

Low FVC 10 (17) 4 (11) 6 (29) 0.085
TLC, mean ± SD percent 

predicted
92.0 ± 10.4 94.5 ± 10.9 87.8 ± 8.2 0.020†

Low TLC 14 (24) 8 (24) 6 (30) 0.600
DLco, mean ± SD percent 

predicted
81.6 ± 14.8 84.3 ± 16.2 76.7 ± 10.6 0.059

DLco/VA, mean ± SD 
percent predicted

96.2 ± 15.4 96.0 ± 17.1 96.7 ± 12.3 0.866

Low DLco 29 (50) 14 (38) 15 (71) 0.014†
PFT abnormality§ 33 (57) 17 (50) 16 (80) 0.036†

HRCT
ILD 8 (14) 5 (14) 3 (15) 0.909
Airway disease 9 (16) 3 (8) 6 (30) 0.034†

Cardiac measures
LAS, mean ± SD percent 16.6 ± 2.5 16.3 ± 2.7 16.9 ± 2.3 0.383
e′, mean ± SD cm/second 11.2 ± 2.7 11.0 ± 3.0 11.6 ± 2.1 0.433
Pathologic ECG 10 (17) 7 (19) 3 (15) 0.710
cSDNN, mean ± SD msec 39.1 ± 16.3 41.3 ± 17.1 36.8 ± 15.1 0.402

* Values are the number (%) except where indicated otherwise. Normal nailfold capillary density (NCD) was defined as ≥6/mm; low NCD was
defined as <6 mm. The following measures were missing in patients with normal and low NCD, respectively: total lung capacity (TLC) in 4 
patients (3:1), high- resolution computed tomography (HRCT) in 2 patients (1:1), early diastolic tissue velocity (e′) in 1 patient (1:0), electrocar-
diogram (ECG) in 1 patient (0:1), and standard deviation of all normal- to- normal intervals corrected to the heart rate (cSDNN) in 4 patients 
(4:0). PFTs = pulmonary function tests; FVC = forced vital capacity; DLco = diffusing capacity for carbon monoxide; VA = alveolar volume;  
ILD = interstitial lung disease; LAS = long axis strain. 
† P < 0.05, normal vs. low NCD. 
‡ P < 0.01, normal vs. low NCD. 
§ Low TLC and/or low DLco.
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Cardiac assessment. Electrocardiography. Two- 
dimensional and Doppler echocardiography were performed 
and analyzed, with the assessors blinded to patient information 
(4,5). Diastolic function was measured by early diastolic tissue 
velocity (e′), which was recorded in the mitral ring in 2- chamber
and 4- chamber views (5). Systolic function was measured by 
long- axis strain (LAS) (mitral annulus displacement as the per-
cent of end- diastolic left ventricular length) (4). A lower value for 
early diastolic tissue velocity and LAS suggests poorer diastolic 
and systolic function, respectively.

ECG. A 12- channel ECG and 24- hour ambulatory Holter 
monitoring were carried out as previously described in detail 
(5,14). ECGs were analyzed by investigators blinded to clinical 
information and classified as normal or pathologic. Calculation 
of HRV (standard deviation of all normal- to- normal intervals cor-
rected to the heart rate) was performed using HolterSoft Ultima 
version 2.44 software (Novacor) (14).

Statistical analysis. Differences between patients and 
controls were tested using Student’s t- test for continuous and 
normally distributed variables and the Mann- Whitney U test for 
continuous non- normally distributed variables, as appropriate. 
Chi- square tests were used to test differences between 2 groups 
for categorical variables. Correlations were determined using 
Spearman’s correlation coefficient (rs).

NCD is known to be dependent on age and possibly dis-
ease duration; therefore, multivariate logistic regression analy-
sis was used to age- adjust the associations between low NCD 
(dependent variable) and cardiac parameters as well as HRCT 
findings (with age used as an independent variable). PFT vari-
ables are presented as the percent predicted; thus, values were 
already corrected for age.

To explore the possible effect of disease duration on the 
association between PFT variables and NCD and low NCD, 
respectively, multivariate linear and logistic regression analy-
ses were performed with disease duration and various PFT 
vari ables as independent variables. Due to a strong intercor-

relation between age and disease duration (rs = 0.938, P < 
0.001), both variables could not be included as independent 
vari ables in the regression analyses. Two- tailed tests were 
used for all calculations, and P values less than 0.05 were con-
sidered significant. Statistical analysis was performed using 
SPSS v.24SA. Due to the explorative nature of the study, we 
did not adjust P values for multiple comparisons.

RESULTS

The characteristics of the patients have previously been 
described in detail (15), and selected parameters are shown in 
Table 1 as background information. Of 58 patients, 21 (36%) had 
low NCD (Table 1), and a neovascular pattern was observed in 24 
(41%) of 58 patients (12). Table 1 also shows data for selected 
pulmonary tests in all patients with juvenile DM patients as well 
as in patients with normal and low NCD. Low NCD was associ-
ated with lower FVC and TLC values (percent predicted) (Figure 1). 
Moreover, low NCD was associated with low DLco values (percent 
predicted). Signs of airway disease on HRCT were also more prev-
alent in the group with low NCD. There were weak- to- moderate 
correlations between NCD (as a continuous variable) and the fol-
lowing variables: FVC (rs = 0.262, P = 0.047) and HRCT- assessed 
airway disease (rs = −0.359, P = 0.007) but not with any of the 

other PFT or HRCT variables included in Table 1 (data not shown).
When adjusting for the association between NCD/low 

NCD and all PFT variables (that were already age- adjusted) for 
disease duration, FVC was no longer significantly associated 
with NCD (standardized β = 0.219, P = 0.080), but an asso-
ciation between TLC and NCD was observed (standardized   
β = 0.295, P = 0.018). Both FVC and TLC remained associated 
with low NCD (odds ratio [OR] 0.936, P = 0.18 and OR 0.931, 
P = 0.006, respectively), while low DLco lost  significance (data 
not shown). Additionally, we analyzed the differences in HRCT 
measures after adjusting for age; airway disease was more 
frequently observed in the group with low NCD than in the 
group with normal NCD.

Figure  1. Pulmonary function measures, including forced vital capacity (FVC), percent predicted (A), total lung capacity (TLC), percent 
predicted (B), and diffusing capacity for carbon monoxide (DLco), percent predicted (C), in patients with normal nailfold capillary density (NCD) 
and patients with low NCD. Data are shown as box plots (using Tukey’s method). Each box represents the 25th to 75th percentiles. Lines inside 
the boxes represent the median. Lines outside the boxes are error bars. Circles indicate outliers.
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Table  1 also shows selected cardiac data for patients 
with juvenile DM as well as patients with normal NCD and 
those with low NCD. We observed no significant differences 
between patients with low NCD and those with normal NCD, 
including ECG findings, HRV, and systolic or diastolic func-
tion as assessed by echocardiography. Also, no significant 
associations between low NCD and cardiac measures were 
observed after adjusting for age. No significant correlations 
between cardiac parameters and NCD (as a continuous vari-
able) were observed (data not shown). Additionally, no asso-
ciations between neovascular pattern and any pulmonary or 
cardiac variables were found (selected data are shown in Fig-
ure 2; remaining data are not shown).

DISCUSSION

To our knowledge, this is the first study to investigate the 
relationship between NFC findings and pulmonary and cardiac 
involvement in patients with juvenile DM. We observed associ-
ations between NFC variables and lung involvement: low NCD 
was associated with smaller lung volumes, reduced gas diffu-
sion capacity, and HRCT- detected airway disease. No signifi-
cant associations between NFC and cardiac involvement were 
detected. The representativeness of our juvenile DM cohort has 
been described previously (15); we believe it covers the vast 
majority of patients with juvenile DM diagnosed from 1970 to 
2006 in Norway.

Our key finding is the relationship between low NCD and 
smaller lung volumes (FVC and TLC) and reduced gas diffusion 
(low DLco) in patients with juvenile DM. A recent study in SSc 
showed results consistent with our findings (8) when comparing 
patients with low NCD (<7 capillaries/mm) and those with normal 
NCD: both FVC values (87% versus 101%) and DLco values (71% 
versus 86%) were decreased in patients with low NCD. These 
findings are comparable to our results showing that FVC (percent 
predicted) was decreased (90% versus 99%) and DLco was bor-

derline decreased (77% versus 84%) in patients with low NCD 
versus those with normal NCD.

HRCT- assessed airway disease was more prevalent in patients 
with low NCD than in patients with normal NCD. There was no sig-
nificant difference in the prevalence of HRCT- detected ILD between 
the groups. Numerous studies in SSc have shown an association 
between NFC measures and lung involvement (9); reduced NCD 
was associated with ILD (8), and SSc patients with lung fibrosis 
showed decreased NCD and more bushy capillaries compared to 
patients with idiopathic pulmonary fibrosis (9). Thus, even if a few 
SSc studies did not demonstrate an association between capillaro-
scopic variables and lung involvement (9), microvascular changes 
seem to reflect pulmonary involvement in SSc (7,8). In our cohort, 
although decreased lung volumes and a higher incidence of HRCT- 
detected airway disease were observed in patients with low NCD, a 
considerable proportion of patients with normal NCD also showed 
lung involvement. Thus, even if microvascular involvement appears 
to be relevant in the development of pulmonary manifestations, 
other factors are likely to contribute to the process in juvenile DM.

No significant association between low NCD and cardiac 
involvement was demonstrated. None of the NFC parameters 
correlated significantly with systolic or diastolic function or with 
ECG- detected pathologies or HRV. Although clinically relevant 
cardiac disease is rare in patients with idiopathic inflammatory 
myopathies including juvenile DM, we previously showed that 
subclinical cardiac involvement was present in approximately 
one- fourth of the patients with juvenile DM (4,5,14). The exact 
mechanism underlying cardiac involvement is unknown, but 
atherosclerosis, small vessel vasculopathy, and myocardial as 
well as systemic inflammation may play a role in the process 
(16). Because we did not observe any significant association 
between NCD and parameters of cardiac dysfunction, our 
data do not support the notion that vasculopathy is an impor-
tant underlying mechanism for cardiac involvement in juvenile 
DM. However, our study was limited by a small sample size, 
which made it challenging to study rare outcomes. Thus, the 

Figure  2. Pulmonary function measures, including forced vital capacity (FVC), percent predicted (A), total lung capacity (TLC), percent 
predicted (B), and diffusing capacity for carbon monoxide (DLco), percent predicted (C), in patients with non- neovascular pattern (non- NP) and 
patients with NP. Data are shown as box plots (using Tukey’s method). Each box represents the 25th to 75th percentiles. Lines inside the boxes 
represent the median. Lines outside the boxes are error bars. The circle and shaded box indicate outliers.
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study may have been underpowered to demonstrate associa-
tions between cardiac involvement and NFC.

There is a known relationship between age and NCD (17), and 
age, and possibly disease duration, might influence the associa-
tions between pulmonary and cardiac variables and NCD. In our 
study, age and disease duration were strongly intercorrelated (rs 
= 0.938). Adjustment for these factors did not substantially influ-
ence the results; we observed robust associations between lung 
volumes and NCD. We previously studied NFC findings in the same 
cohort and compared findings with those in age-  and sex- matched 
controls. Notably, the correlations between NCD and age were 
comparable in patients (rs = 0.407, P = 0.002) and controls (rs = 
0.431, P = 0.003) (12), which supports the idea that this association 
was mainly an effect of aging and not an effect of disease duration.

In conclusion, patients with juvenile DM with low NCD had 
impaired pulmonary function and more frequent HRCT- detected 
abnormalities compared to controls. In contrast, we did not 
observe significant associations between capillaroscopic variables 
and cardiac involvement. Our results suggest that systemic micro-
vascular remodeling might be an underlying mechanism for pulmo-
nary involvement in juvenile DM. However, further and preferably 
larger studies are needed to identify NCD as a potential biomarker 
for organ  involvement.
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Incidence and Risk of Glucocorticoid- Associated Adverse 
Effects in Patients With Rheumatoid Arthritis
Jessica C. Wilson,1 Khaled Sarsour,2 Sara Gale,2 Attila Pethö-Schramm,3 Susan S. Jick,4 and Christoph R. Meier5

Objective. Using the UK Clinical Practice Research Datalink, we examined the incidence of glucocorticoid (GC)- 
related serious adverse events (SAEs) in rheumatoid arthritis (RA) and non- RA patients and quantified the risk of SAEs 
in patients with RA.

Methods. We matched incident patients with RA to an age-  and sex- matched, non- RA comparison group of equal 
size. In a cohort analysis, we estimated incidence rates (IRs) and IR ratios (IRRs) for GC- related AEs (i.e., diabetes 
mellitus [DM], osteoporosis, fractures, glaucoma, hypertension, gastrointestinal [GI] perforation or bleeding, throm-
botic stroke or myocardial infarction [MI], or death), stratified by GC use. We conducted a series of nested case– 
control analyses among patients with RA, evaluating the effects of increasing cumulative and average daily GC dose. 
Cases of each outcome were matched to controls for age, sex, and general practice. We calculated adjusted odds 
ratios (ORs) with 95% confidence intervals (95% CIs) for each outcome.

Results. Patients with RA had a higher incidence for all investigated SAEs except glaucoma, compared to non- 
RA patients. IRRs were greater in those patients prescribed a GC than in those without. In patients with RA, GCs 
were associated with an elevated risk of DM (adjusted OR 1.33 [95% CI 1.14–1.56]), osteoporosis (adjusted OR 1.41 
[95% CI 1.25–1.59]), thrombotic stroke or MI (adjusted OR 1.28 [95% CI 1.07–1.52]), serious infection (adjusted OR 
1.28 [95% CI 1.11–1.48]), and death (adjusted OR 1.33 [95% CI 1.19–1.48]). There was a trend of increasing risk 
with increasing cumulative and average daily GC dose for all outcomes other than glaucoma, hypertension, and GI 
perforations or bleeding (P < 0.05).

Conclusion. Patients with RA had an increased incidence of GC- related AEs. Increasing cumulative and average 
daily GC doses were found to be associated with an increasing risk of developing an AE.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, erosive, inflammatory 
arthritis characterized by a distinctive pattern of bone and joint 
destruction (1). Approximately 1% of the worldwide population is 
affected by RA (2). In the UK, the estimated incidence rates (IRs) 
of RA are approximately 25 and 54 per 100,000 person- years in 
men and women, respectively (3).

Oral glucocorticoids (GCs), primarily prednisolone and pred-
nisone, play an important role in routine management of RA, 
alongside conventional synthetic disease- modifying antirheu-
matic drugs (csDMARDs) and more recent biologic therapies. 

Their temporary use is recommended to control episodes of 
increased disease activity (4). However, GC use is controversial 
because it is associated with an increased risk of serious adverse 
events (SAEs), particularly in patients exposed to high doses and 
extended use (5–7).

For many GC- treated diseases, the risk of associated AEs 
is debated in relation to the effect attributable to GCs compared 
to those effects occurring due to the underlying disease (8). In 
recent years, efforts have been undertaken to understand the 
relationship between GC use and the risk of related AEs in 
patients with RA. Meta- analyses conducted for widely studied 
AEs such as fracture/osteoporosis, infections, and cardiova-
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scular events, and findings from lesser studied outcomes such as 
diabetes mellitus (DM), gastrointestinal (GI) events, or glaucoma, 
suggest an increased risk of AEs with GC use (9–12). However, 
many studies are limited by restricted subpopulations, narrow 
outcome definitions (e.g., specific infections), small sample size, 
and limited information on GC dose effects (11–16). Thus, there 
is a need for large- scale, well-powered studies quantifying the 
relationship between GC dose and duration and related AE risk 
in patients with RA.

In the current study, we explored the incidence of devel-
oping DM, osteoporosis, fractures, glaucoma, hypertension, GI 
perforation or bleeding, thrombotic stroke or myocardial infarc-
tion (MI), or of dying, and to quantify the associated risk of GC 
use and the above- mentioned AEs in patients with RA. These 
outcomes were chosen based on their known associations with 
GCs found in the literature.

MATERIALS AND METHODS

Data sources. The Clinical Practice Research Datalink 
(CPRD) is a well- validated database that contains anonymized 
health care information on more than 10 million patients in the 
UK. General practitioners (GPs) record relevant information on 
demographics, consultations, diagnoses, specialist referrals, 
hospitalizations, prescribed medications, and some lifestyle 
parameters. Read codes are used to code medical diagno-
ses. The study protocol was reviewed and approved by the 
Independent Scientific Advisory Committee for Medicines and 
Healthcare Products Regulatory Agency Database Research 
(Protocol No 15_152R).

Hospital Episode Statistics (HES) data contain information on 
patient admissions to NHS hospitals in England. Medical diagnoses 
are coded using International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision codes. HES data 
are only available for English practices participating in the linkage 
scheme (currently 75% of English practices), constituting approxi-
mately 58% of all patients in the CPRD (17). At the time of this study, 
the most up- to- date HES data were available from 1997 to 2012.

Study population. We defined the RA cohort population 
as patients age ≥18 years with a first- time Read code for RA 
between January, 1995 and January, 2015. Read codes are 
listed in Supplementary Appendix A, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23611/abstract. We identified at random a 
comparison group of equal size of non- RA patients, matched 
for age (year of birth), sex, GP, study entry date (i.e., the date 
of the first recording of RA), and years of history in the CPRD 
before study entry. All patients were required to have at least 3 
years of recorded medical history prior to entry. We excluded 
subjects with a diagnosis of cancer, alcoholism, drug abuse, or 
HIV diagnosis prior to study entry, because of increased comor-
bidity and to reduce possible ascertainment bias from regular 
GP visits.

Follow- up analysis (RA versus non- RA population). 
The outcomes of interest were incident DM (a first DM code 
and/or a new prescription for a drug to treat DM, whichever 
occurred first), an incident osteoporosis code, a bone frac-
ture code, incident glaucoma (an incident glaucoma code and/
or a newly- prescribed therapy to lower intraocular pressure, 
whichever occurred first), an incident hypertension code, an 
incident code for thrombotic stroke or MI, an incident code 
for GI perforation or bleeding, serious infection requiring 
hospitalization, or death (see Supplementary Appendix B, 
available on the Arthritis Care & Research web site at http: // 
onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract). We 
examined each outcome of interest independently of the oth-
ers. We followed patients and accumulated person- time from 
study entry, until the first of the following occurred: an incident 
diagnosis for an outcome of interest, the patient’s medical 
record ended, death, or the end of the study.

For the HES linkage subset, we linked CPRD and HES data 
to assess the outcome of serious infection requiring hospitaliza-
tion. We excluded patients with an entry date outside the dates 
of available HES data. To be included in the final HES cohort, 
both the RA and matched non- RA comparison subjects were 
required to have available HES data linkage ensuring that both 
had the possibility of the outcome being captured. For the out-
comes DM, osteoporosis, glaucoma, hypertension, thrombotic 
stroke or MI, and GI perforation or bleeding, we established a 
separate subcohort in which we excluded subjects in both the 
RA and non- RA comparison group if they ever had a diagnosis of 
the outcome under evaluation prior to cohort entry. We recorded 
a prior history of comorbidities and comedication at study entry. 
Information recorded closest and prior to study entry was used 
to evaluate alcohol status, body mass index, and smoking sta-
tus in the RA and in the non-RA groups. Age was assessed at 
cohort entry.

Oral GC (prednisolone and prednisone) exposure. We 
defined GC exposure as ≥1 prescription for oral prednisolone 

SIGNIFICANCE & INNOVATIONS
• The results suggest that rheumatoid arthritis (RA)

patients have a substantially increased incidence 
for glucocorticoid (GC)-related adverse events, and 
increasing cumulative and average daily GC doses 
are associated with an increasing risk of developing 
an adverse event.

• Our findings highlight the clinical burden associat-
ed with current and long-term, high-dose oral GC 
use in patients with RA and reinforce the impor-
tance of clinical awareness for GC-related adverse 
events in this patient group.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
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Table 1. Baseline characteristics of the study population, rheumatoid arthritis (RA) patients and age-  and sex- matched non- RA patients (n = 
34,050)*

Characteristics

With RA

Without RA PAll patients
GC Rx 

(n = 13,770)
No GC Rx 

(n = 20,280)

Sex
Men 10,059 (29.5) 4,021 (29.2) 6,038 (29.8) 10,059 (29.5) –
Women 23,991 (70.5) 9,749 (70.8) 14,242 (70.2) 23,991 (70.5) –

Age, years
<30 1,871 (5.5) 436 (3.2) 1,435 (7.1) 1,872 (5.5) –
30–49 9,825 (28.9) 3,083 (22.4) 6,742 (33.2) 9,821 (28.8) –
50–69 14,464 (42.5) 6,230 (45.2) 8,234 (40.6) 14,458 (42.5) –
≥70 7,890 (23.2) 4,021 (29.2) 3,869 (19.1) 7,893 (23.2) –

Age, mean ± SD years 56.2 ± 16.0 56.2 ± 16.0 56.2 ± 16.0 56.2 ± 16.0 0.999
Smoking

Never use 15,428 (45.3) 5,702 (41.4) 9,726 (48.0) 16,635 (48.9) –
Former smoker 7,940 (23.3) 3,622 (26.3) 4,318 (21.3) 6,680 (19.6) –
Current smoker 7,696 (22.6) 3,347 (24.3) 4,349 (21.4) 6,537 (19.2) <0.0001†
Missing 2,986 (8.8) 1,099 (8.0) 1,887 (9.3) 4,198 (12.3) –

Alcohol
Never use 6,914 (20.3) 3,104 (22.5) 3,810 (18.8) 5,949 (17.5) –
Former use 503 (1.5) 247 (1.8) 256 (1.3) 363 (1.1) –
Current use 22,170 (65.1) 8,721 (63.3) 13,449 (66.3) 22,208 (65.2) <0.0001†
Missing 4,463 (13.1) 1,698 (12.3) 2,765 (13.6) 5,530 (16.2) –

Body mass index, kg/m2

<18.5 594 (1.7) 246 (1.8) 348 (1.7) 511 (1.5) –
18.5–24.9 11,207 (32.9) 4,335 (31.5) 6,872 (33.9) 11,333 (33.3) <0.0001†
25–29.9 10,052 (29.5) 4,150 (30.1) 5,902 (29.1) 9,470 (27.8) –
≥30 6,659 (19.6) 2,936 (21.3) 3,723 (18.4) 5,690 (16.7) –
Missing 5,538 (16.3) 2,103 (15.3) 3,435 (16.9) 7,046 (20.7) –

Follow- up time, mean ± SD 
years

8.1 ± 5.7 – – 8.1 ± 5.7 0.3180

Comorbidity (prior to 
follow- up)‡

Non- RA rheumatic disease 2,418 (7.1) 1,654 (12.0) 764 (3.7) 494 (1.5) <0.0001†
Systemic lupus  erythematosus 167 (0.5) 95 (0.7) 72 (0.4) 28 (0.1) –
Polymyalgia rheumatic 1,524 (4.4) 1,217 (8.8) 307 (1.5) 256 (0.8) –
Scleroderma 41 (0.1) 21 (0.2) 20 (0.1) 8 (<0.1) –
Polymyositis 24 (0.1) 15 (0.1) 9 (<0.1) 7 (<0.1) –
Other rheumatic disease§ 665 (2.0) 307 (2.2) 358 (1.8) 195 (0.6) –
Renal disease 1,150 (3.4) 548 (4.0) 602 (3.0) 995 (2.9) 0.0007†
Peripheral vascular disease 681 (2.0) 342 (2.5) 339 (1.7) 630 (1.9) 0.1549
Peptic ulcer disease 1,322 (3.9) 617 (4.5) 705 (3.5) 1,010 (3.0) <0.0001†
Myocardial infarction 946 (2.8) 470 (3.4) 476 (2.4) 915 (2.7) 0.4662
Mild liver disease 141 (0.4) 65 (0.5) 76 (0.4) 98 (0.3) 0.0053†
Hemiplegia 47 (0.1) 25 (0.2) 22 (0.1) 60 (0.2) 0.2085
Diabetes mellitus 2,061 (6.1) 876 (6.4) 1,185 (5.8) 1,966 (5.8) 0.1227
Diabetes mellitus with 

 complications
419 (1.2) 161 (1.2) 258 (1.3) 400 (1.2) 0.5042

(Continued)
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or prednisone. Cumulative oral prednisolone or prednisone dose 
was calculated by combining information from tablet strength 
(i.e., 10 mg or 5 mg) and prescription quantity, summed across 
all prednisolone prescriptions (in mg). Average daily dose was 
calculated by dividing the cumulative dose by the duration of use 
in days. We did not apply a cut- off duration of use or dose. Full 
details are described in Supplementary Appendix C, available 
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23611/abstract).

Case–control analysis. Cases were patients with RA 
with an outcome of interest as detailed above. Each outcome 
was examined separately. For each case, we randomly identified 
from the RA cohort up to 4 control patients with no recorded 
history of the outcome of interest prior to the index date (i.e., 
the date of the case event). We matched controls to cases by 
index date (i.e., the date the case developed the outcome of 
interest), GP, year of birth, and sex. If no eligible controls were 
found from the same practice, we selected a matched control 
from another practice. We excluded patients with a diagnosis of 
cancer, HIV/AIDS, alcoholism, and drug abuse prior to the index 
date for all outcomes. For the outcome serious infections requir-
ing hospitalization, we restricted cases and controls to patients 
in the HES- linked RA cohort. For each outcome, we assessed 
the prevalence of comorbidities and comedications at any time 
prior to the index date. For other covariates including body mass 
index, smoking, and alcohol use, we used the closest informa-
tion recorded in the patient record prior to the index date.

Statistical analyses. Follow-up analysis. We described 
the cumulative and average daily GC dose for RA and non- RA 

patients, with the exposure period for GC use defined as the 
period from study entry until the end of follow- up. We calculated 
IRs with 95% confidence intervals (95% CIs) for all outcomes of 
interest among the RA group and the non- RA comparison group, 
stratified by age, sex, and GC use, and we calculated estimated 
incidence rate ratios (IRRs) with 95% CIs.

Case–control analysis. Conditional logistic regression was 
used to estimate the effect of GC exposure on each outcome 
separately, calculating unadjusted and multivariate adjusted 
odds ratios (ORs) with 95% CIs. We defined the period of GC 
exposure as time between (and including) the date of the first 
prescription at or following the RA diagnosis and the index date. 
We compared categories of increasing cumulative and average 
daily GC dose to no GC use. We also examined the timing of 
GC use (current or past use versus non- use). Unless otherwise 
stated, we defined past use as a last GC prescription recorded 
>180 days prior to the index date, and current use as a last GC 
prescription within the 180 days preceding the index date. For 
each outcome, we performed a stepwise regression analysis to 
include covariates found to be associated with the outcome in 
the univariate analyses, and we included them in the final model 
if they altered the main risk estimate by >10%. For the outcomes 
mortality, stroke, and serious infection, we assessed a Charlson 
Comorbidity Index score and included it in the model to account 
for the burden of comorbidity (18).

A number of sensitivity analyses were also conducted, 
described in full in Supplementary Appendix D, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23611/abstract. These analyses attempted 
to assess RA disease severity in the case–control analyses for 
thrombotic stroke or MI, infection and mortality; to assess the 

Characteristics

With RA

Without RA PAll patients
GC Rx 

(n = 13,770)
No GC Rx 

(n = 20,280)

Dementia 89 (0.3) 35 (0.3) 54 (0.3) 154 (0.5) <0.0001†
Congestive heart disease 764 (2.2) 409 (3.0) 355 (1.8) 651 (1.9) 0.0024†
Chronic pulmonary disease 7,123 (20.9) 4,072 (29.6) 3,051 (15.0) 5,499 (16.2) <0.0001†
Cerebrovascular disease 1,076 (3.2) 516 (3.8) 560 (2.8) 1,094 (3.2) 0.6945
Comorbidities, average no. 0.5 0.7 0.4 0.4 <0.0001†

Other GC use (during 
follow- up)¶

Other oral GC Rx 147 (0.4) 80 (0.6) 67 (0.3) 91 (0.3) <0.001†
Parenteral GC Rx 3,959 (11.6) 2,230 (16.2) 1,729 (8.5) 1,472 (4.3) <0.001†

* Values are the number (%) unless indicated otherwise. GC = glucocorticoid; Rx = prescription.
† Statistically significant between RA and non- RA cohort. 
‡ The mean ± SD period for patient record history was 10.1 ± 5.1 years. 
§ Not including osteoarthritis.
¶ Other oral GCs included hydrocortisone, cortisone, triamcinolone, methylprednisolone, dexamethasone, and betamethasone; parenteral 
GCs included methylprednisolone (MP) and MP acetate injections. The mean ± SD number of prescriptions in the RA cohort was 2 ± 4 and 
in the non- RA cohort 2 ± 3. 

Table 1 (Cont’d)

http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
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case validity of osteoporosis, hypertension, and thrombotic 
stroke or MI; and to assess the RA disease definition through the 
inclusion of only patients with RA who met a more stringent defi-
nition of RA. We used SAS software (version 9.4) for the analyses.

RESULTS

RA versus non- RA population follow- up analysis. 
Study population and characteristics. We identified 34,050 
patients with a first- time Read code for RA, and a 1:1 matched 
comparison group of patients without an RA diagnosis. Table 1 
shows the characteristics of the study population. Figure 1 shows 

the numbers for each of the separate cohorts. Approximately 
70% of patients with RA were women, and the majority were age 
>50 years at cohort entry (mean 56.2 years). Approximately 80% 
of patients with RA had at least two RA codes or a prescription 
for a DMARD or GC on or after their RA diagnosis. During the 
follow- up period, 40.3% and 15% of the RA and non- RA cohorts, 
respectively, were prescribed oral GC therapy. The median cumu-
lative GC dose and duration of use was greater in the RA cohort 
(1,650 mg, 284 days) than in the non- RA cohort (500 mg, 55 
days). The median average daily GC dose was smaller in the RA 
cohort (5.5 mg) compared to the non- RA cohort (8.7 mg), likely 
reflecting short-term and acute prescribing patterns.

Figure 1. Exclusions prior to follow- up in the rheumatoid arthritis (RA) cohort and corresponding patients with RA included the nested case–
control analyses. GI = gastrointestinal; MI = myocardial infarction; HES = Hospital Episode Statistics.



OUTCOMES ASSOCIATED WITH GLUCOCORTICOID USE IN RA |      503

Incidence of the clinical outcomes of interest. IRs and IRRs 
in the RA cohort compared to the non- RA comparison cohort, 
 stratified by GC- exposure, are shown in Table  2. IRs were sig-

nificantly increased for DM, osteoporosis, fractures, hyperten-
sion, thrombotic stroke or MI, GI perforation or bleeding, death, 
and serious infection in the patients with RA compared to age-  

Table 2. Incidence rates (IRs) per 1,000 person- years and incidence rate ratios (IRRs) for adverse events in RA and age-  and sex- matched 
non- RA patients during the period 1995–2015, stratified by GC exposure*

Outcomes and GC 
prescription (during 

follow- up)

With RA Without RA

RA vs. non- RA 
IRR (95% CI)

Outcomes, 
no.

Person- 
time, years IR (95% CI)

Outcomes, 
no. 

Person- 
time, years IR (95% CI)

Diabetes mellitus
All cohort 1,462 248,690.4 5.88 (5.59–6.19) 1,235 251,903.4 4.90 (4.64–5.18) 1.20 (1.11–1.29)†
No GC prescription 908 146,058.1 6.22 (5.83–6.63) 1,044 205,006.8 5.09 (4.79–5.41) 1.22 (1.12–1.33)†
GC prescription 554 102,632.3 5.40 (4.97–5.87) 191 46,896.62 4.07 (3.54–4.69) 1.33 (1.12–1.56)†

Osteoporosis
All cohort 2,275 256,387.3 8.87 (8.52–9.24) 1,125 266,532.8 4.22 (3.98–4.47) 2.10 (1.96–2.26)†
No GC prescription 1,151 152,751.2 7.54 (7.11–7.98) 891 216,801.6 4.11 (3.85–4.39) 1.83 (1.68–2.00)†
GC prescription 1,124 103,636.1 10.85 (10.23–11.49) 234 49,731.28 4.71 (4.14–5.35) 2.30 (2.00–2.65)†

Fractures
All cohort 1,890 267,675.1 7.06 (6.75–7.39) 1,609 270,429.9 5.95 (5.67–6.25) 1.19 (1.11–1.27)†
No GC prescription 1,090 156,213.2 6.98 (6.58–7.40) 1,336 219,383.5 6.09 (5.77–6.42) 1.15 (1.06–1.24)†
GC prescription 800 111,462 7.18 (6.70–7.69) 273 51,046.48 5.35 (4.75–6.02) 1.34 (1.17–1.54)†

Glaucoma
All cohort 473 261,910.5 1.81 (1.65–1.98) 461 263,621.4 1.75 (1.60–1.92) 1.03 (0.91–1.17)
No GC prescription 278 152,824.1 1.82 (1.62–2.05) 415 213,656.4 1.94 (1.76–2.14) 0.94 (0.80–1.09)
GC prescription 195 109,086.4 1.79 (1.55–2.06) 46 49,965.01 0.92 (0.69–1.23) 1.94 (1.41–2.68)†

Hypertension
All cohort 4,440 193,244.5 22.98 (22.32–23.65) 3,960 195,421.6 20.26 (19.65–20.90) 1.13 (1.09–1.18)†
No GC prescription 3,101 119,676.5 25.91 (25.03–26.83) 3,541 163,115.1 21.71 (21.01–22.43) 1.19 (1.14–1.25)†
GC prescription 1,339 73,568.02 18.20 (17.26–19.19) 419 32,306.45 12.97 (11.79–14.26) 1.40 (1.26–1.57)†

Thrombotic stroke or 
MI

All cohort 986 265,055.1 3.72 (3.50–3.96) 808 266,900.8 3.03 (2.83–3.24) 1.23 (1.12–1.35)†
No GC prescription 560 154,844.9 3.62 (3.33–3.93) 674 216,711.4 3.11 (2.88–3.35) 1.16 (1.04–1.30)
GC prescription 426 110,210.1 3.87 (3.52–4.25) 134 50,189.39 2.67 (2.25–3.16) 1.45 (1.19–1.76)†

GI perforations or 
bleeding

All cohort 602 268,736.7 2.24 (2.07–2.43) 451 272,280.1 1.66 (1.51–1.82) 1.35 (1.20–1.53)†
No GC prescription 363 156,060 2.33 (2.10–2.58) 382 220,626.6 1.73 (1.57–1.91) 1.34 (1.16–1.55)†
GC prescription 239 112,676.7 2.12 (1.87–2.41) 69 51,653.54 1.34 (1.06–1.69) 1.59 (1.21–2.08)†

Serious infection with 
hospitalization

All cohort 1,553 92,222.45 16.84 (16.03–17.69) 1,060 69,593.18 15.23 (14.35–16.17) 1.11 (1.02–1.20)†
No GC prescription 816 54,211.74 15.05 (14.06–16.11) 849 56,153.2 15.12 (14.14–16.16) 1.00 (0.90–1.10)
GC prescription 737 38,010.71 19.39 (18.05–20.82) 211 13,439.98 15.70 (13.73–17.94) 1.24 (1.06–1.44)†

Mortality
All cohort 3,653 276,116.2 13.23 (12.81–13.66) 2,924 277,595.2 10.53 (10.16–10.92) 1.26 (1.20–1.32)†
No GC prescription 1,579 159,401.6 9.91 (9.43–10.40) 2,171 224,038.4 9.69 (9.29–10.10) 1.02 (0.96–1.09)
GC prescription 2,074 116,714.6 17.77 (17.03–18.54) 753 53,556.85 14.06 (13.10–15.09) 1.26 (1.16–1.37)†

* GC = glucocorticoid; RA = rheumatoid arthritis; 95% CI = 95% confidence interval; MI = myocardial infarction; GI = gastrointestinal.
† Statistically significant at P <0.05 for IRRs for the non- RA cohort comparison group, i.e., for GC exposure, IRRs are reported for the RA versus 
the non- RA cohort in patients with and without GC exposure. <1% of patients had a medical record that ended before the end of follow- up 
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and sex- matched non- RA patients. For all outcomes, the IRRs 
were elevated among the GC- treated patients compared to the 
non- GC–treated patients (Table 2), shown in Supplementary Fig-
ure 1, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract. Additional 
IRs and IRRs stratified by age and sex are shown in Supplemen-
tary Table 1, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23611/abstract.

Nested case–control analyses. From the RA cohort, the 
numbers of included cases and controls for each outcome are 
shown in Tables 3 and 4. For the thrombotic stroke or MI cases, 
69% had MI and 31% had thrombotic stroke. Over 80% of 
cases of osteoporosis, hypertension, and thrombotic stroke or 
MI received a subsequent prescription for an associated therapy, 
supporting the case validity. The mean time from RA diagnosis 
for the occurrence of the outcomes of interest in cases ranged 
from 4.5 years for serious infections requiring hospitalization 
to 6.6 years for the outcome death. Demographic and lifestyle 
characteristics are shown in Tables 3 and 4.

Effect of GCs on the risk of developing an SAE. In the mul-
tivariate analyses, compared to patients with RA with no GC 
use, we found an elevated risk for patients exposed to any 
GC: DM (adjusted OR 1.33 [95% CI 1.14–1.56]), osteoporo-
sis (adjusted OR 1.41 [95% CI 1.25–1.59]), thrombotic stroke 
or MI (adjusted OR 1.28 [95% CI 1.07–1.52]), serious infection 
requiring hospitalization (adjusted OR 1.28 [95% CI 1.11–1.48]), 
and death (adjusted OR 1.33 [95% CI 1.19–1.48]). There was 
a weakly increased risk of fracture (adjusted OR 1.14 [95% CI 
1.01–1.29]). Adjusted ORs for either MI or thrombotic stroke 
were 1.35 (95% CI 1.09–1.67) and 1.15 (95% CI 0.84–1.58), 
respectively. The inclusion of indirect measures of severity (i.e., 
a recording for total joint replacement and the number of pre-
scriptions for a DMARD and biologic) did not alter the adjusted 
ORs (Table 5, footnotes). Current GC use was associated with 
an increased risk of GI perforation and bleeding risk and with 
the risk of osteoporosis, serious infection, death, and particu-
larly DM (Table 5).

Compared to patients with RA who did not have a prescrip-
tion for GCs, we observed increasing ORs for DM, osteoporosis, 
fractures, thrombotic stroke or MI, serious infection, and death 
with increasing cumulative GC dose (P < 0.05 for trend) (Table 5), 
with the greatest increase observed in the highest cumula-
tive dose category (≥7,000 mg). We found a dose- dependent 
trend of increasing risk for DM, osteoporosis, fractures, glau-
coma, thrombotic stroke or MI, serious infection, and death with 
increasing average daily GC dose (P < 0.05 for trend) (Figure 2).

We observed no association between GC use and the 
risk of hypertension (Table 5 and Figure 2). When restricted to 
cases with a subsequent osteoporosis medication and antihy-
pertensive drugs, the risk estimates associated with GC use 
hardly changed for osteoporosis (adjusted OR 1.48 [95% CI 

1.31–1.67]) and hypertension (adjusted OR 0.94 [95% CI 0.86–
1.030]). The magnitude of the risk for thrombotic stroke or MI 
was marginally reduced in the highest cumulative and average 
daily GC dose categories when we only included cases with a 
subsequent prescription for a stroke or MI- related medication 
(results not shown).

When we restricted the analysis to patients with RA with 
the much stricter RA definition (i.e., those with a more specific 
RA Read code and ≥1 additional RA read code, or those with 
a prescription for a DMARD on or after the date of the diag-
nosis) approximately 55% of the cases and controls remained. 
With the exception of glaucoma, infection, and death, which 
increased to adjusted OR 1.57 (95% CI 1.09–2.27), 1.49 
(95% CI 1.22–1.83), and 1.53 (95% CI 1.30–1.81), respec-
tively, there were no material differences in the risks for the 
examined AEs in patients with any GC use compared to no 
use (see Supplementary Table 2, available on the Arthritis 
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23611/abstract).

DISCUSSION

Consistent with some existing literature (19–23), the results 
of this large- scale population- based study found the incidence 
of GC- related outcomes (DM, osteoporosis, fractures, hyperten-
sion, thrombotic stroke or MI, GI perforation or bleeding, serious 
infection, and death) to be higher in patients with RA compared 
to age-  and sex- matched non- RA patients. The IRs in the RA 
group were somewhat lower than those reported in other UK- 
based studies. This variation may be due to differences in the age 
of study populations (the current study using patients who were 
on average marginally younger than other cohorts) and differing 
RA definitions (the current study being more comprehensive than 
other studies). However, IRs observed in the non- RA group were 
generally comparable to those reported in similarly aged UK pop-
ulations (19). For all investigated AEs, the IRRs were higher in the 
GC- treated patients than in the non- GC–treated patients, sug-
gesting that the increase in the investigated outcomes was not 
related only to RA disease.

Exploring the effect of GC exposure on the development 
of SAEs in the nested case–control analyses yielded increased 
results showing risks of DM, osteoporosis, fractures, thrombotic 
stroke or MI, serious infections requiring hospitalization, and 
death in patients with RA prescribed GCs. For all the above out-
comes, including GI perforations, the magnitude of the risk was 
increased in patients who were current GC users. These findings 
are consistent with many previous studies (10,12,20,24–27), but 
not all (11,28), that examined the association between GC use 
and the development of AEs in patients with RA. In addition, 
related studies using CPRD data have found comparable risks 
to those shown in the current study. Movahedi et al (29) found 
a 35% increase in DM risk in patients with RA prescribed GCs, 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23611/abstract
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while Souverein et al (27) noted a 25% risk increase in cardio-
vascular and cerebrovascular events in patients receiving GCs. 
Conversely, a CPRD- based retrospective cohort study showed 
a 96% increased mortality risk with any GC use, but the risk 
was substantially reduced after accounting for comorbidities at 
death, which was noted to be largely due to malignancy diagno-
ses (26). Exclusion of prevalent cancers prior to the index date 
in the current study may explain the differences in the observed 
risk increases. Our findings for current and cumulative GC dose 
were largely comparable to those reported by these authors 
after accounting for this bias (26).

A trend of increasing risk was observed with increasing cumu-
lative GC dose for DM, osteoporosis, fractures, thrombotic stroke 
or MI, serious infection, and death. Studies examining the effect of 
prolonged or cumulative GC dose in patients with RA have shown 
similar dose- dependent effects on AE risk (9,12,25,26,30–33). 
In the current study, the highest dose category (≥7,000 mg) was 
associated with the highest increase in risk. Consistent with this 
finding, a number of large- scale studies examining the effect of 
cumulative dose showed significantly increased risks of DM, infec-
tion, cardiovascular events, and mortality for high cumulative GC 
doses (>5,400 mg) (26,27,29,34). For most AEs, we found no 

Figure 2. Risk of adverse events associated increasing average daily dose (ADD) glucocorticoid dose in rheumatoid arthritis (RA) patients 
among the nested case–control patients with RA matched for index date, age, sex, and general practice. GI = gastrointestinal; MI = myocardial 
infarction; AOR = adjusted odds ratio.
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association with cumulative doses below 700 mg. However, in 
the case of osteoporosis, the risk did not substantially change 
between the lowest and the highest cumulative dose category. 
This finding may reflect an increase in risk with short- term, high- 
dose GC treatment, where GC dose may be high, but the overall 
cumulative dose is low, compared to those developing an AE after 
prolonged use. Supporting this possibility, the median duration of 
total prednisolone use in the lower cumulative dose was <50 days, 
and the adjusted ORs associated with high average daily GC dose 
echo those observed in the lower cumulative dose category.

Increasing average daily GC dose was associated with an 
increasing risk of DM, osteoporosis, fractures, glaucoma, throm-
botic stroke or MI, serious infection, and death (P < 0.05 for trend). 
Additionally, a trend was suggested for GI perforation or bleeding, 
however, results were not significant, but the number of patients 
in the analysis was low. The observed dose- dependent trend with 
increasing average daily dose is consistent with the existing litera-
ture (7,12,24,25,29,34,35). Current evidence for a threshold dose 
for GC–related AEs in patients with RA remains relatively inconclu-
sive, perhaps due to the heterogeneity of the study populations 
(different treated diseases) and the absence of dose- effect analy-
ses. Doses of <7.5 mg may be generally well tolerated, but mor-
tality and infection risk may be increased at lower doses (36,37). 
Our results corroborated this possibility: average daily doses of 
≥7.5 mg were associated with a significantly increased risk of DM 
and thrombotic stroke or MI, while doses ≥5 mg were associated 
with serious infections requiring hospitalization and with death. 
Our findings reinforce the importance of clinical awareness for 
GC- related AEs even at relatively low doses. No association was 
observed for most AEs at doses of <5 mg.

In the current study, no association was observed between 
GC use and hypertension, neither with increasing cumulative dose 
nor with high average daily dose. Prolonged daily doses of ≥7.5 
mg have been associated with an increased prevalence of hyper-
tension and heightened blood pressure levels (38,39). In contrast, 
a number of clinical trials examining low- dose GC use in patients 
with RA showed no effect of prednisolone on blood pressure 
(9). GC‐induced hypertension is possibly dose related and less 
likely to occur with medium or low GC doses (9). This possibil-
ity would explain the lack of association in the current analysis, 
because included patients had a relatively low average daily GC 
dose (median 5.63 mg, interquartile range 5.02), and the total GC 
duration in the highest daily dose category was short (<49 days).

The major strength of this study is the large size of the CPRD 
and the high data quality. Furthermore, due to the prospective 
nature of data collection, independent of any study hypothesis, 
our results are not influenced by recall bias.

The study does have some limitations. The possibility of 
competing risks, such as death following MI or infection imped-
ing the development of other outcomes, appeared low, with 
<0.3% of patients in the RA and non- RA cohort having a record 
of death closely following an MI or infection diagnosis. Because 

GC use tends to be a marker for RA severity, and because dis-
ease severity is an important risk factor in the development of 
outcomes such as infection, cardiovascular events, or mortality, 
there is some question as to whether the increased risk of these 
outcomes, especially cardiovascular events, is due to GCs or RA 
activity (40,41). Controlling for disease severity is difficult because 
no direct measure of disease activity is routinely recorded in the 
CPRD. To overcome this limitation, we included indirect  measures 
of severity in the models for infection, thrombotic stroke or MI, 
and mortality. The inclusion of this parameter did not alter the 
observed association for these outcomes.

With respect to the risk of developing the other outcomes of 
interest, confounding by severity is likely to be minimal but can-
not be ruled out completely. Additionally, there is a possibility for 
misclassification in the RA group from patients misdiagnosed with 
RA, which could potentially lead to a dilution of the strength of the 
estimated association. However, approximately 80% of patients 
with RA had 2 or more RA codes, or a prescription for a DMARD 
or GC, and when we restricted the analysis to those patients with 
RA with a more stringent RA definition, we found little difference in 
the risks. This result provides confidence in our findings and reas-
surance that any misclassification is likely to be minimal. Some 
misclassification in the SAE outcomes is possible. However, stud-
ies show high positive predictive values of diagnosis (>80%) for 
coding in the CPRD for MI, fractures, GI bleeding, and DM (42), 
and our sensitivity analyses validating osteoporosis, hypertension, 
and thrombotic stroke or MI found little difference in the risk esti-
mates. Furthermore, nearly 90% of patients had a run- in period 
of at least 5 years, reducing the possibility of misclassifying prev-
alent cases as incident cases. In addition, detection bias may be 
present for some outcomes, for example osteoporosis; patients 
receiving GCs tend to be screened for conditions known to be 
possibly GC- related. However, because a fracture risk assess-
ment is recommended for all individuals with RA, this assessment 
may reduce the extent of this bias.

Regarding exposure assessment, information on pred-
nisolone use was related to medication prescribed but did 
not account for whether the prescription was dispensed or 
taken. Furthermore, we cannot fully account for medications 
dispensed in secondary care such as biologics or DMARDs, or 
for drugs bought over the counter, such as nonsteroidal antiin-
flammatory drugs (NSAIDs). DMARDs are often prescribed, or 
at least initiated, by specialists, and possibly not all such expo-
sure is properly transferred by the GP to the medical record 
of a patient. Thus, we cannot rule out some misclassification 
of DMARD exposure and a possible unknown impact on the 
regression model when we included DMARD use as a poten-
tial confounding variable. However, in the case of RA, NSAIDs 
likely would be prescribed by GPs, thus minimizing misclas-
sification (4). Finally, although information on the strength of 
prednisolone or prednisone medication was available in the 
RA cohort, information on the exact daily dose was not avail-
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able for many patients with RA, where the instruction was 
written to take as directed. Thus, some assumptions were 
made when calculating dose, which could have led to some 
 misclas sification.

The findings of this large observational study suggest that 
patients with RA are at a substantially increased incidence of 
GC- related AEs. Both increasing cumulative and average daily 
GC doses were associated with increased risks of DM, osteopo-
rosis, fractures, infections, thrombotic stroke or MI, and mortal-
ity. Increasing average daily GC dose was also associated with 
increasing glaucoma risk. These findings highlight the clinical 
burden associated with current and long- term, high- dose oral 
GC use in patients with RA. Clinical awareness of oral GC safety 
in this patient group is important for improving patient care.
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Subsequent Cardiovascular Events Among Patients With 
Rheumatoid Arthritis, Psoriatic Arthritis, or Psoriasis: 
Patterns of Disease- Modifying Antirheumatic Drug 
Treatment
Jeffrey A. Sparks,1  Tamara Lesperance,2 Neil A. Accortt,3 and Daniel H. Solomon1

Objective. To examine disease- modifying antirheumatic drug (DMARD) treatments and estimate the risk of a 
subsequent cardiovascular (CV) event following an initial CV event in patients with rheumatoid arthritis (RA), psoriatic 
arthritis (PsA), or psoriasis.

Methods. We analyzed data from MarketScan claims databases (January 1, 2006 to June 30, 2015) for adults with 
RA, PsA, or psoriasis and an initial/index CV event (acute myocardial infarction, stroke, or coronary revascularization) 
while receiving DMARDs (tumor necrosis factor inhibitor [TNFi] biologic DMARDs [bDMARDs], conventional synthetic 
DMARDs [csDMARDs], or non- TNFi bDMARDs). We studied DMARD treatment patterns following the index event 
and rates of subsequent CV events. We used Cox regression to investigate predictors of DMARD discontinuation and 
risk factors for subsequent CV events.

Results. Among 10,254 patients, 15.3% discontinued and 15.5% switched DMARD therapy after the index CV 
event. Independent predictors of DMARD discontinuation included a psoriasis diagnosis, renal disease, hyperten-
sion, heart failure, diabetes mellitus, older age, and baseline csDMARD or non- TNFi bDMARD use (versus TNFi 
bDMARDs). Rates per 1,000 patient- years of subsequent events were 75.2 (95% confidence interval [95% CI] 54.4–
96.0) for patients taking TNFi bDMARDs, 83.6 (95% CI 53.3–113.9) for csDMARDs, and 122.4 (95% CI 60.6–184.3) 
for non- TNFi bDMARDs. A diagnosis of RA (versus psoriasis) and heart failure at baseline, but not a DMARD pattern 
after the index event, were independently associated with an increased risk of subsequent CV event.

Conclusion. In this large nationwide study, nearly one- third of patients with RA, PsA, or psoriasis switched or 
discontinued DMARD therapy following a CV event. There was no association between DMARD class and the risk of 
a subsequent CV event.

INTRODUCTION

Rheumatoid arthritis (RA), psoriatic arthritis (PsA), and pso-
riasis are systemic inflammatory diseases that manifest primarily 
in joints, skin, or both (1). Patients with RA, PsA, or psoriasis have 
increased rates of cardiovascular (CV) disease as well as excess 
traditional CV risk factors, increased risk of an initial CV event, 
and worse outcomes after CV events (2–4). A recent population- 
based cohort study reported adjusted hazard ratios (HRs) for a 

major acute CV event (composite outcome) of HR 1.58 (95% 
confidence interval [95% CI] 1.46–1.70) for patients with RA, 
HR 1.17 (95% CI 0.95–1.46) for patients with PsA, and HR 
1.42 (95% CI 1.17–1.73) for patients with psoriasis treated with 
disease- modifying antirheumatic drugs (DMARDs) compared 
with matched controls (5). RA, PsA, and psoriasis are associ-
ated with increased prevalence and incidence of traditional CV 
risk factors of hypertension, diabetes mellitus, hyperlipidemia, 
and obesity (6). The high systemic inflammatory burden associ-
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ated with these diseases, which is mediated by proinflammatory 
cytokines (7), is linked to accelerated atherosclerosis (8,9). Com-
pared with the general population, patients with RA or PsA have 
excess CV mortality (10–14).

Patients with RA, PsA, or psoriasis are treated with similar 
classes of medications, including conventional synthetic DMARDs 
(csDMARDs; e.g., methotrexate, hydroxychloroquine, sulfasala-
zine), and biologic DMARDs (bDMARDs; e.g., tumor necrosis 
factor inhibitors [TNFi]), often in combination with a csDMARD 
(15–17). Some DMARDs may have cardioprotective effects. In 
patients with RA, for example, the use of methotrexate (versus 
non- use) was associated with a reduced CV risk of 21% (18), and 
TNFi bDMARD therapy (versus csDMARD therapy) was associ-
ated with a reduced risk of 46% (19). Larger studies to examine 
this issue are needed (20,21).

After a CV event in patients with RA, PsA, or psoriasis, 
adverse events may be more likely to occur and to have seri-
ous clinical consequences, or DMARDs may be contraindicated 
because of organ dysfunction resulting from the CV event. How-
ever, DMARD therapy may be required for underlying rheumatic 
disease control. Moreover, recent data support the potential ben-
efit of immunomodulators in patients who have experienced a CV 
event (22). The aims of this study were to describe patterns and 
predictors of changes in DMARD treatment patterns after an initial 
CV event, to estimate the risk of subsequent CV events, and to 
compare the risk of subsequent CV events among patients with 
RA, PsA, or psoriasis.

PATIENTS AND METHODS

Study design. This retrospective cohort study used admin-
istrative claims data from the MarketScan Commercial Claims 
and Encounters and Medicare Supplemental and Coordination 
of Benefits databases. The study period was January 1, 2006 
through June 30, 2015. The index date was the hospital dis-
charge date for the first nonfatal CV event during the study period. 
Index CV events included acute myocardial infarction (MI), stroke, 

or coronary revascularization procedure (percutaneous coronary 
intervention, stent, or coronary artery bypass grafting). The base-
line period was the 12 months preceding (and including) the index 
date. Follow- up started on the day after the index date and con-
tinued for at least 30 days until disenrollment from MarketScan, 
a CV event of interest, diagnosis of an exclusionary event, or the 
end of the study period. During follow- up, patients were assessed 
for treatment and subsequent CV events.

Patients. Patients were adults (age ≥18 years) with a 
diagnosis of RA (International Classification of Diseases, Ninth 
Revision, Clinical Modification [ICD- 9- CM] code 714.0), PsA 
(ICD- 9- CM code 696.0), or psoriasis (ICD- 9- CM code 696.1) 
and an index CV event. Patients with RA were identified using 
a previously validated algorithm (23). All patients had ≥1 claim 
for a TNFi bDMARD, csDMARD, or a non- TNFi bDMARD within 
12 months before the index event. Continuous enrollment for 
the 12- month baseline period and ≥30 days of follow- up after 
the index event were required. Patients with inflammatory 
bowel disease, juvenile idiopathic arthritis, ankylosing spondy-
litis, cancer (except nonmelanoma skin cancer), HIV, systemic 
lupus erythematosus, organ transplant, or dialysis utilization 
were excluded.

Diagnoses of RA, PsA, and psoriasis were based on ≥1 
inpatient diagnosis or outpatient diagnosis claim, a practice that 
is known to accurately classify patients with RA (23). Outpatient 
claims had to be accompanied by another RA, PsA, or psoria-
sis outpatient diagnosis claim within ≥30 days and ≤365 days of 
the original outpatient claim; the latter claim was defined as the 
diagnosis date. Patients with multiple diagnoses were classified 
according to a hierarchy. Patients with a dual diagnosis of RA and 
either PsA or psoriasis were included in the RA cohort. Patients 
with a dual diagnosis of PsA and psoriasis on the same date were 
assigned to the PsA cohort; if the psoriasis diagnosis preceded 
the PsA diagnosis, the patients were assigned to the psoriasis 
cohort until the PsA diagnosis, and were then censored from the 
psoriasis cohort and included in the PsA cohort.

Outcomes. Study outcomes included DMARD treatment 
patterns across all patients after an initial CV event and the inci-
dence of subsequent CV events in patients who received DMARD 
therapies after the initial CV event. We grouped patients by 
DMARD class (TNFi bDMARD, csDMARD, or non- TNFi bDMARD) 
because of the limited number of subsequent CV events for each 
individual DMARD.

Outcome 1: DMARD treatment patterns after initial CV event. 
Treatment pattern outcomes included the proportion of patients 
receiving TNFi bDMARD therapy, csDMARD therapy, or non- TNFi 
bDMARD therapy at the time of the initial CV event, and whether 
patients persisted with initial therapy, switched to another therapy, 
or discontinued all DMARD therapy following the index CV event. 
Treatment assessments were based on pharmacy claim records 

SIGNIFICANCE & INNOVATIONS
• Patients with the systemic inflammatory diseases 

rheumatoid arthritis, psoriatic arthritis, and psori-
asis have a high risk of cardiovascular (CV) events, 
and the effect of treatment for these diseases on 
the risk of a subsequent CV event is unclear.

• In this large nationwide study reflecting typical clin-
ical care, disease-modifying antirheumatic drug 
(DMARD) discontinuation and class switches after 
an initial CV event were common.

• We found that treatment with different classes of 
DMARDs did not significantly affect the risk of sub-
sequent CV events.
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(National Drug Codes) for medications administered subcutane-
ously or orally and procedure claim records (Current Procedure 
Terminology [CPT] and/or Healthcare Common Procedure Coding 
System) for intravenously administered medications.

The csDMARD therapies included methotrexate, hydr-
oxych loroquine, leflunomide, azathioprine, cyclophosphamide, 
 cyclosporine, D- penicillamine, gold, mycophenolate mofetil, or 
 sulfasalazine as monotherapy or in combination with another 
 csDMARD. TNFi bDMARD therapies included adalimumab, certo-
lizumab pegol, etanercept, infliximab, or golimumab with or without 
a  csDMARD. Non- TNFi bDMARD therapies included abatacept, 
anakinra, rituximab, secukinumab, tocilizumab, tofacitinib, or uste-
kinumab with or without a csDMARD. Tofacitinib, a small  molecule, 
was included with the non- TNFi bDMARD group because it is a 
targeted medication with biologic effects that are more similar to 
bDMARDs than to csDMARDs. Baseline therapies during the 12 
months before the index event were based on the last 2 treatments 
before the index date (all patients were taking at least 1 DMARD). 
Postindex therapies were based on the first 2 treatments after the 
index date. Patients who were using combination therapies with 
csDMARDs and bDMARDs were included in the bDMARD cohorts 
based on the type of bDMARD (TNFi or non- TNFi).

Outcome 2: subsequent CV events. Following the initial CV 
event, subsequent CV events were identified based on inpatient 
ICD- 9- CM codes for MI (410.x) or stroke (430.x, 431.x, 432.x, 
433.x1, 434.x1, 435.x, 436.x, 437.1x, 437.9x). Subsequent CV 
events were also identified based on procedure codes for coro-
nary revascularization (ICD- 9- CM procedure codes: 36.10–36.17, 
36.19, 36.2, 36.3x, 36.0x, 00.66; and/or CPT procedure codes: 
33510–33523, 33533–33536, G0290, G0291, 92980, 92981, 
92982, 92995).

Statistical analysis. Descriptive statistics for categori-
cal variables were presented as proportions, and for continuous 
variables were presented as mean ± SDs or as medians and 
interquartile ranges. Proportions of patients who persisted with, 
switched, or discontinued DMARD therapy following the index CV 
event were calculated. Rates of subsequent CV events were cal-
culated and age-  and sex- standardized to the MarketScan gen-
eral population. Rate ratios (RRs) with 95% CIs were calculated 
using TNFi bDMARD therapy as reference.

Logistic regression was used to estimate odds ratios (ORs) 
with 95% CIs for discontinuation from all DMARD therapy follow-
ing the index CV event. Covariates used in regression analyses 
included demographic characteristics (age and sex), disease 
indication (RA, PsA, or psoriasis), comorbid conditions (obesity, 
hyperlipidemia, hypertension, diabetes mellitus, chronic pulmo-
nary disease, and unstable angina), DMARD treatment prior to the 
index CV event, medication use in the baseline period (oral gluco-
corticoids, statins, and antihypertensives), and the type of index 
CV event (MI, stroke, or coronary revascularization procedure). 
Only patients who were receiving TNFi bDMARDs, csDMARDs, or 

non- TNFi bDMARDs after the initial CV event were included in the 
analyses of subsequent CV events.

Cox proportional hazards models were fit to estimate 
adjusted HRs and 95% CIs for the risk of subsequent CV events. 
The proportional hazards assumption was tested by plot-
ting standardized score residuals over time and was met in all  
analyses. Data were standardized by age and sex using stand-
ard methods (24). For each sex category, 4 age strata were 
examined: ≤54 years, 55–64 years, 65–74 years, and ≥75 years, 
for a total of 8 strata.

Model 1 was adjusted for age (per 10 years) and sex. Model 
2 was adjusted for age (per 10 years), sex, disease indication (RA, 
PsA, and psoriasis), index CV event (acute MI, stroke, coronary 
revascularization), baseline comorbidities (heart failure, chronic pul-
monary disease, diabetes mellitus, hyperlipidemia, hypertension, 

Figure 1. Identification of study sample. RA = rheumatoid arthritis; 
PsA = psoriatic arthritis; PsO = psoriasis; CV = cardiovascular; TNFi =  
tumor necrosis factor inhibitor; bDMARD = biologic disease- 
modifying antirheumatic drug; csDMARD = conventional synthetic 
DMARD.
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obesity, unstable angina, and renal disease), the number of baseline 
unique DMARDs used, and baseline medication exposures (stat-
ins, oral glucocorticoids, angiotensin- converting enzyme inhibitor, 
and beta blockers). Model 3 used backward elimination, retaining 
covariates of age, sex, disease indication, baseline comorbidities 
(heart failure, diabetes mellitus, renal disease), and baseline oral 
glucocorticoid use.

RESULTS

Patients and baseline medication. Data from 10,254 
patients were analyzed (Figure  1), including 8,475 patients 
(82.7%) with RA, 794 patients (7.7%) with PsA, and 985 patients 
(9.6%) with psoriasis (Table  1). In the total study sample, the 
mean ± SD age was 67.2 ± 11.9 years, and 59.1% were women. 

The most common index CV event was stroke (42.7%), followed 
by coronary revascularization (39.2%) and acute MI (18.1%). 
The most commonly used medication class to treat RA, PsA, or 
psoriasis in the baseline period was csDMARDs (76.8%). Nearly 
one- half of all patients (48.7%) were receiving a statin during the 
baseline period, and 52.2% were receiving oral glucocorticoids. 
Patients taking csDMARDs were older (mean ± SD age 69.7 ± 
11.4 years) compared to patients taking TNFi bDMARDs (63.7 
± 11.1 years) or non- TNFi bDMARDs (64.6 ± 12.0 years). Fewer 
women were in the TNFi bDMARD cohort (53.4%) than in the 

csDMARD cohort (61.3%) or non- TNFi bDMARD cohort (59.4%).

Treatment patterns after index CV event and predic-
tors of DMARD discontinuation. Across all therapies, most 
patients persisted with their index DMARD following the index CV 

Table 1. Pre- index demographic and clinical characteristics of patients according to the class of DMARD treatment after an initial cardiovascular 
event (n = 10,254)*

Characteristics

TNFi 
bDMARD 

(n = 3,077)
csDMARD 
(n = 4,663)

Non- TNFi 
bDMARD 
(n = 947)

No DMARD 
(n = 1,567)

Age, mean ± SD years 63.7 ± 11.1 69.7 ± 11.4 64.6 ± 12.0 68.7 ± 12.9
Women 1,642 (53.4) 2,860 (61.3) 563 (59.4) 990 (63.2)
Disease indication

Rheumatoid arthritis 2,315 (75.2) 4,223 (90.6) 750 (79.2) 1,187 (75.7)
Psoriatic arthritis 411 (13.4) 218 (4.7) 54 (5.7) 111 (7.1)
Psoriasis 351 (11.4) 222 (4.8) 143 (15.1) 269 (17.2)

Index event
Acute myocardial infarction 452 (14.7) 883 (18.9) 184 (19.4) 342 (21.8)
Stroke 1,196 (38.9) 2,014 (43.2) 378 (39.9) 787 (50.2)
Coronary revascularization 1,429 (46.4) 1,766 (37.9) 385 (40.7) 438 (28.0)

Comorbidities
Chronic pulmonary disease 689 (22.4) 1,294 (27.8) 280 (29.6) 494 (31.5)
Diabetes mellitus 928 (30.2) 1,336 (28.7) 326 (34.4) 571 (36.4)
Heart failure 433 (14.1) 979 (21.0) 212 (22.4) 429 (27.4)
Hyperlipidemia 1,435 (46.6) 1,983 (42.5) 506 (53.4) 751 (47.9)
Hypertension 1,968 (64.0) 3,109 (66.7) 662 (69.9) 1,200 (76.6)
Obesity 292 (9.5) 351 (7.5) 142 (15.0) 198 (12.6)
Renal disease 237 (7.7) 472 (10.1) 115 (12.1) 272 (17.4)
Unstable angina 414 (13.5) 532 (11.4) 128 (13.5) 146 (9.3)

Medication exposure during 
baseline

TNFi bDMARD 2,883 (93.7) 332 (7.1) 153 (16.2) 386 (24.6)
csDMARD 1,788 (58.1) 4,607 (98.8) 487 (51.4) 997 (63.6)
Non- TNFi bDMARD 158 (5.1) 168 (3.6) 766 (80.9) 361 (23.0)
Oral glucocorticoids 1,457 (47.4) 2,655 (56.9) 479 (50.6) 763 (48.7)
Statin 1,479 (48.1) 2,454 (52.6) 393 (41.5) 669 (42.7)
ACEi 939 (30.5) 1,550 (33.2) 241 (25.5) 447 (28.5)
Beta blocker 1,341 (43.6) 2,429 (52.1) 401 (42.3) 744 (47.5)

* Values are the number (%) unless indicated otherwise. DMARD = disease- modifying antirheumatic drug; TNFi = tumor necrosis factor inhib-
itor; bDMARD = biologic DMARD; csDMARD = conventional synthetic DMARD; ACEi = angiotensin- converting enzyme inhibitor. 



SPARKS ET AL 516       |

event (Figure 2). Nearly one- third of patients (30.8%) discontin-
ued or switched from index therapy following the index CV event. 
There were 540 infliximab users (18.5% of TNFi bDMARDs)  during 
the baseline period; of these, 382 patients (70.7%) re- initiated 
infliximab as their first DMARD after the index date. There were 
100 rituximab users (11.5% of non- TNFi bDMARDs) during the 
baseline period; of these, 39 patients (39.0%) re- initiated rituximab 
as their first DMARD after the index date.

Regression analyses showed that older patients and those 
with a comorbidity of renal disease, hypertension, heart failure, 
or diabetes mellitus were more likely to discontinue DMARD ther-

apy following the index CV event (Figure 3). Compared to patients 
taking TNFi bDMARDs after the index CV event, patients taking 
csDMARDs (odds ratio [OR] 1.61 [95% CI 1.41–1.85]) or non- 
TNFi bDMARDs (OR 2.61 [95% CI 2.19–3.11]) were more likely to 
discontinue DMARD therapy after the index CV event.

Risk of subsequent CV events. Age-  and sex- 
standardized rates for a subsequent CV event were highest for 
patients taking non- TNFi bDMARDs (rate 122.4 [95% CI 60.6–
184.3] events per 1,000 patient- years) followed by patients tak-
ing csDMARDs (rate 83.6 [95% CI 53.3–113.9] events per 1,000 
patient- years) and patients taking TNFi bDMARDs (rate 75.2 [95% 
CI 54.4–96.0] events per 1,000 patient- years) (Table 2). Compared 
to TNFi bDMARDs, the RRs for subsequent CV events were 1.11 
(95% CI 0.70–1.75) for csDMARDs and 1.63 (95% CI 0.92–2.90) 
for non- TNFi bDMARDs.

The type of DMARD used after the initial nonfatal CV event 
was not associated with an increased risk for subsequent CV 
events among patients with RA, PsA, or psoriasis in any of the 
models tested (Table  3). The model 3 multivariable HR for risk 
of subsequent CV events was 0.98 (95% CI 0.82–1.17) for 
 csDMARDs (versus TNFi bDMARDs), and 1.16 (95% CI 0.86–
1.57) for non- TNFi bDMARDs (versus TNFi bDMARDs). Patients 
with RA (HR 1.55 [95% CI 1.00–2.39] versus patients with psori-
asis) and patients with heart failure (HR 1.39 [95% CI 1.13–1.72]) 
had an increased risk of a subsequent CV event independent of 
other factors, including age, sex, medication use, type of index CV 
event, and other baseline comorbidities.

DISCUSSION

Patients with RA, PsA, or psoriasis have an inherently high 
risk for CV disease, and our study showed that these patients are 

Figure 2. Treatment patterns following index cardiovascular (CV) 
event. The percentages of patients who persisted with the index 
disease- modifying antirheumatic drug (DMARD) (green bars), 
switched to a different DMARD (yellow bars), or discontinued all 
DMARD therapy (red bars) are shown. bDMARD = biologic DMARD; 
csDMARD = conventional synthetic DMARD; TNFi = tumor necrosis 
factor inhibitor.

Figure 3. Predictors of discontinuation from all disease- modifying antirheumatic drugs (DMARDs) following the index cardiovascular (CV) 
event. Odds ratios (ORs) with 95% confidence intervals (95% CIs) for the risk of discontinuation are shown. The vertical line represents OR = 1. 
RA = rheumatoid arthritis; PsO = psoriasis; PsA = psoriatic arthritis; AMI = acute myocardial infarction; ACEi = angiotensin- converting enzyme 
inhibitor; TNFi = tumor necrosis factor inhibitor; bDMARD = biologic DMARD; csDMARD = conventional synthetic DMARD.
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also at high risk for a subsequent CV event following an initial CV 
event. Clinicians may focus on the CV disease immediately fol-
lowing an initial event, and management of other chronic illnesses 
may have low priority. The frequent discontinuation observed in 
this study of all DMARD therapies (over 15% of all patients) fol-
lowing the initial CV event suggests that RA, PsA, and psoriasis 
disease management was secondary to CV disease management 
in many patients. Notably, the risk of a subsequent CV event did 
not differ by type of DMARD therapy in this analysis.

Although high rates of CV risk factors and the high risk of 
CV disease in patients with RA, PsA, or psoriasis have been 
thoroughly documented, few studies have examined recurrent or 
subsequent CV events in these patient populations. Of the few 
studies conducted in patients with RA, all showed that patients 
with RA and a prior CV event had worse outcomes compared to 
patients without RA. For example, a small study of patients with 
acute coronary syndrome from a coronary care admission regis-
ter showed that recurrent cardiac events were more common in 
patients with RA (57.5%) compared to controls (30%; P = 0.013) 
(25). An increased risk for acute coronary syndrome recurrence 
in RA patients was also found in a cohort study (HR 1.30 [95% 
CI 1.04–1.62]) versus matched controls (26). In a cohort study of 
statin use, crude event rates for a nonfatal MI were 81.6 events 
per 1,000 patient- years (95% CI 30.6–217.5) for secondary pre-
vention patients with RA who were statin- naive (27). Notably, 
statin use was associated with a reduced rate of nonfatal MI in 
RA patients (47.6 [95% CI 24.8–91.5] events per 1,000 patient- 
years) (27). In a recent analysis of nationwide health claims data 
in Taiwan, patients with RA were significantly more likely to have 
a subsequent major acute coronary event compared to controls 
(HR 1.20 [95% CI 1.07–1.34]; P < 0.01) (28). These results are 
consistent with our observation that patients with RA are at high 
risk for a subsequent CV event, and that CV risks in patients with 
RA, PsA, or psoriasis need to be aggressively managed.

After a CV event, patients may experience a profound 
decline in functional status and worsened organ function that are 

not adequately captured in administrative claims database stud-
ies such as ours. These complex factors likely affect the decision 
for DMARD treatment for both clinicians and patients. For exam-
ple, patients with systemic rheumatic disease in remission or low 
disease activity may not resume medications after a CV event, 
particularly if disease activity remains stable or if new medical 
complications persist after the CV event. Patients may also 
experience a flare from their underlying rheumatic disease but 
be hesitant to restart DMARD treatment because of a perceived 
risk of adverse events, such as serious infection. Clinicians may 
be reluctant to prescribe DMARDs if new contraindications have 
developed, such as heart failure or renal insufficiency. While our 
study could not investigate the complexities of these treatment 
decisions, we were able to capture an overall view of DMARD 
treatment patterns following CV events. We found that >30% of 
patients switched or discontinued DMARD therapy after an initial 
CV event. In our study, patients taking non- TNFi bDMARDs at 
baseline were at much higher risk to discontinue DMARD ther-
apy after the index CV event compared to those patients taking 
TNFi bDMARDs. This finding is perhaps surprising given some 
conflicting evidence of the effect of TNFi on heart failure (29,30), 
which presumably occurred in some patients after the index CV 
event. Some residual confounding may have occurred, because 
patients in the TNFi group may have been slightly healthier based 
on the inclusion of heart failure in the warnings and precautions 
on TNFi labels (31).

Patients with multimorbidities at baseline were more likely 
to discontinue all DMARDs after a CV event, perhaps because 
these patients were in relatively poor health both before and after 
the CV event, which made prescribers and patients reluctant to 
continue DMARDs. Patients with RA and PsA were less likely 
to discontinue all DMARDs compared to patients with pso-
riasis. While we were not able to determine levels of disease 
activity, we used glucocorticoid therapy as a surrogate. While 
there was no statistically significant association between gluco-
corticoid use and DMARD discontinuation, the point estimate 

Table 2. Subsequent CV events (acute myocardial infarction, stroke, or coronary revascularization) in patients 
receiving DMARD therapy following the index CV event*

TNFi 
bDMARD csDMARD

Non- TNFi 
bDMARD

Follow- up
Patient- years 2,744.4 2,984.7 482.0
Mean ± SD years 0.99 ± 1.21 0.69 ± 0.87 0.69 ± 0.92

Subsequent CV events, no. 230 288 53
Rate per 1,000 patient- years 

(95% CI)†
75.2 (54.4–96.0) 83.6 (53.3–113.9) 122.4 (60.6–184.3)

RR (95% CI)† Ref. 1.11 (0.70–1.75) 1.63 (0.92–2.90)

* CV = cardiovascular; DMARD = disease- modifying antirheumatic drug; TNFi = tumor necrosis factor in-
hibitor; bDMARD = biologic DMARD; csDMARD = conventional synthetic DMARD; 95% CI = 95% confidence 
interval; RR = rate ratio. 
† Rates and RRs are age-  and sex- standardized to the MarketScan general population. 
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suggested that patients taking glucocorticoids were less likely to 
discontinue DMARDs, perhaps because of active inflammation 
requiring continuation of DMARDs even after a CV event. Our 
findings describe the result of these complex clinical scenarios 
on a nationwide scale, but we cannot make conclusions about 
the validity of those clinical decisions.

In the present study, we investigated the risk of a subsequent 
CV event using a large nationwide database of patients with 
rheumatic diseases taking DMARDs prior to the initial CV event. 
The secondary prevention of CV diseases using antiinflammatory 
drugs is currently being investigated in large randomized clinical 
trials as a way to understand the contribution of inflammation to 
CV disease. A large placebo- controlled trial recently showed that 
canakinumab lowered the risk of recurrent CV events indepen-
dent of lipid- lowering effect, providing evidence supporting the 
“inflammatory hypothesis” underlying CV disease (22). A similarly 
designed placebo- controlled randomized clinical trial is investigat-
ing the safety and efficacy of methotrexate for risk of recurrent CV 
events (32,33). However, these studies were conducted in patient 

populations without systemic rheumatic diseases, because large- 
scale placebo- controlled trials with lengthy follow- ups are not 
feasible for patients with systemic rheumatic disease who require 
DMARDs.

We investigated the risk of a subsequent CV event among 
patients with rheumatic diseases who were taking DMARDs 
prior to the index CV event. We did not analyze patients who dis-
continued DMARD therapy after their index CV event because 
these patients may have been more likely to die or have new 
contraindications to DMARDs. We found no significant differ-
ences between the classes of DMARDs for risk of a subsequent 
CV event after controlling for confounders. All DMARDs inves-
tigated possibly had truly similar cardioprotective effects, but 
perhaps there were subtle differences that we were unable to 
detect. Because of the number of outcomes, we grouped dif-
ferent DMARDs into the same class. For example, we grouped 
tocilizumab and abatacept as non- TNFi bDMARDs even though 
they have different mechanisms of action and therefore may 
have different effects on CV disease. However, a recent large 

Table 3. Hazard ratios for risk of subsequent cardiovascular events*

Model 1 
(age, sex, DMARD type)

Model 2 
(multivariable)

Model 3 
(multivariable, parsimonious)

csDMARD vs. TNFi bDMARD 1.03 (0.86–1.23) 0.97 (0.80–1.18) 0.98 (0.82–1.17)
Non- TNFi bDMARD vs. TNFi 

bDMARD
1.23 (0.91–1.66) 1.17 (0.86–1.58) 1.16 (0.86–1.57)

Age per 10 years 1.05 (0.97–1.13) 1.01 (0.93–1.10) 1.02 (0.94–1.10)
Men vs. women 1.11 (0.94–1.31) 1.15 (0.96–1.37) 1.13 (0.96–1.34)
Rheumatoid arthritis vs. 

psoriasis
– 1.58 (1.01–2.46) 1.55 (1.00–2.39)

Psoriatic arthritis vs. 
psoriasis

– 1.45 (0.86–2.44) 1.43 (0.85–2.40)

Stroke vs. acute MI – 1.20 (0.93–1.56) –
Coronary revascularization 

vs. acute MI
– 1.14 (0.88–1.56) –

Chronic pulmonary disease – 0.97 (0.80–1.18) –
Heart failure – 1.42 (1.41–1.77) 1.39 (1.13–1.72)
Diabetes mellitus – 1.16 (0.96–1.40) 1.16 (0.97–1.39)
Hyperlipidemia – 0.95 (0.80–1.14) –
Hypertension – 0.99 (0.83–1.19) –
Obesity – 1.09 (0.80–1.49) –
Unstable angina – 0.96 (0.75–1.25) –
Renal disease – 1.28 (0.96–1.69) 1.27 (0.96–1.67)
No. of unique baseline 

DMARDs
– 0.98 (0.88–1.10) –

Baseline oral glucocorticoid 
use

– 1.14 (0.96–1.35) 1.14 (0.96–1.35)

Statin use – 0.98 (0.82–1.17) –
ACEi use – 1.00 (0.84–1.21) –
Beta blocker use – 1.12 (0.94–1.22) –

* Values are the hazard ratio (95% confidence interval). DMARD = disease- modifying antirheumatic drug; csDMARD = 
conventional synthetic DMARD; TNFi = tumor necrosis factor inhibitor; bDMARD = biologic DMARD; MI = myocardial 
infarction; ACEi = angiotensin- converting enzyme inhibitor. 
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observational study comparing tocilizumab to TNFi bDMARDs 
reported no difference in CV event rates, consistent with our 
results (34). We also found no difference for risk of a subsequent 
CV event between csDMARDs and bDMARDs. Patients receiv-
ing bDMARDs may be inherently different from patients who can 
be maintained only using csDMARDs. Since we found no differ-
ence between these DMARD classes, confounding by indication 
or channeling bias probably does not explain these null results. 
Overall, our study does not provide guidance on DMARD class 
and risk of CV event, so the decision of DMARD use should 
be related to the relative risks and benefits for a given patient’s 
clinical scenario.

The current study was subject to inherent limitations of 
analyses of claims databases and observational studies. The 
study population was not randomized, but selected from the 
database based on claims codes. A preliminary review of data 
from patients who discontinued all DMARD therapy following 
the index CV event suggested that those patients were clini-
cally different from patients who continued to receive DMARD 
therapy, and therefore the data from those patients would not 
be generalizable to the overall RA, PsA, or psoriasis popu-
lations. Additionally, the study population was insured, and 
results of the analysis may not be generalizable to uninsured 
or underinsured patients. Obesity, a risk factor for CV dis-
ease, was identified based on coded diagnoses, and rates 
of obesity may have been underestimated. Similarly, smok-
ing, another risk factor for CV disease, was not well captured 
in the  database. Information on disease activity and severity 
is not avail able from claims databases, which may affect the 
interpretation of the results. To address this issue, glucocor-
ticoid  use at baseline was used as a surrogate for moder-
ate to severe disease prior to initial CV event. There was no 
adjudication of CV outcomes. Deaths are not well captured 
in this type of database. This limitation was mitigated in the 
analysis of subsequent CV event risk by requiring 30 days of 
follow- up after the initial CV event and excluding patients who 
did not receive DMARDs after the initial CV event. Although 
patients in this database filled these prescriptions, there were 
no measures of medication adherence, and we could not 
determine whether medications were used as prescribed. 
Discontinuation of treatment was assumed when prescrip-
tions were not refilled, but patients possibly could have con-
tinued taking their medications from a home supply; a 60- day 
window around medication supply was used to minimize this 
possibility. Mean follow- up after the initial CV event was <1 
year for each class of DMARD; this duration of follow- up may 
have been too short to detect a true biologic effect on subse-
quent CV events.

In conclusion, patients with RA, PsA, or psoriasis remain 
at high risk for a subsequent CV event following an initial CV 
event. Our study suggests that DMARD therapy for the under-
lying RA, PsA, or psoriasis does not appear to affect the risk 

for subsequent CV events, and clinicians should carefully con-
sider continuing DMARD therapy as well as appropriate ther-
apies for CV disease.
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Responsiveness of Patient- Reported Outcomes 
Measurement Information System Measures in 
Rheumatoid Arthritis Patients Starting or Switching a 
Disease- Modifying Antirheumatic Drug
Alyssa Wohlfahrt,1 Clifton O. Bingham, III,2 Wendy Marder,3 Kristine Phillips,4 Marcy B. Bolster,5  
Larry W. Moreland,6 Zhi Zhang,1 Tuhina Neogi,7 and Yvonne C. Lee1

Objective. The Patient- Reported Outcomes Measurement Information System (PROMIS) is a calibrated item 
bank used to assess patient- reported outcomes across multiple domains. The purpose of this study was to describe 
the performance of selected PROMIS measures in patients with rheumatoid arthritis (RA) with active disease who 
were initiating a disease- modifying antirheumatic drug (DMARD).

Methods. Participants in an ongoing prospective observational study completed 8 PROMIS measures before and 
after DMARD initiation. Linear regression models were performed to identify cross- sectional associations between 
baseline PROMIS measures and disease activity, measured using the Clinical Disease Activity Index (CDAI). Paired t- 
tests were performed to evaluate responsiveness after 12 weeks of DMARD treatment. Associations between chang-
es in PROMIS measures and changes in the CDAI score were assessed using linear regression.

Results. Among the 156 participants who completed the first study visit, the mean ± SD baseline CDAI score 
was 25.5 ± 14.0. Baseline scores for PROMIS measures of physical health, pain, and sleep were associated with the 
baseline CDAI score (P ≤ 0.05). Among the 106 participants with 12- week data, all PROMIS scores improved after 
DMARD initiation (P ≤ 0.05). With the exception of depression, changes in all assessed PROMIS measures were cor-
related with changes in the CDAI score (standardized βs from |0.23| to |0.38|).

Conclusion. These data provide support for the utility of PROMIS measures for the assessment of physical and 
mental health in individuals with active RA. All PROMIS measures improved significantly after DMARD initiation, with 
the magnitudes of association between changes in PROMIS measures and changes in the CDAI score in the low- to- 
moderate range.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic illness that can signifi-
cantly impact daily life when not aggressively managed. To eval-
uate disease activity, physicians rely heavily on assessment of 
swollen joints, measurement of blood inflammatory markers, and 

radiographs. Physicians cannot, however, gain a full understand-
ing of disease activity and its effects without direct feedback from 
patients. Hallmark symptoms of RA, such as pain and fatigue, 
are necessarily evaluated through patient self- report. Additionally, 
other factors, including the patient’s physical function, are often 
assessed through patient report (1).
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The importance of patient- reported outcomes (PROs) has 
been recognized in multiple realms, including clinical trials, 
clinical care, and insurance authorizations (2). Recommenda-
tions from the American College of Rheumatology (ACR) and 
the European League Against Rheumatism incorporate the use 
of composite indices (e.g., the Clinical Disease Activity Index 
[CDAI], the Disease Activity Score in 28- joints instrument, and 
the Simplified Disease Activity Index), which include patient 
global assessment, for reporting disease activity in all clinical 
trials (3). In addition, the Outcome Measures in Rheumatology 
group is composing guidelines for the assessment of additional 
PROs within clinical trials (4). For the treatment of RA, an inter-
national task force has recommended that physicians rely on 
composite measures of disease activity to evaluate a patient’s 
progress toward a treatment target and that physicians incorpo-
rate the patient perspective in developing a management strat-
egy (5). Insurance companies are also pushing physicians to be 
patient- centered in their care, because good outcomes are, in 
part, being defined as value- adding activities for patients. Physi-
cian recognition of what patients consider value- adding activities 
can come from PROs (6).

Although the value of PROs is widely recognized, research-
ers and clinicians are often faced with the conundrum of decid-
ing which measures to use. This study focused on 1 option for 
PRO assessment, the Patient- Reported Outcomes Measure-
ment Information System (PROMIS). PROMIS was developed 
to provide a standardized set of assessments of PROs, which 
allows for comparability across diseases and direct translation 
from research to clinical settings (7). Assessments are adminis-
tered as fixed- item short forms or via computer adaptive testing 
(8).

The successful implementation of PROMIS measures for RA 
patients in research and clinical care settings requires establish-
ment of their validity and ability to detect changes in symptoms. 

Bartlett et al (9) provided preliminary evidence of the reliability and 
construct validity of PROMIS measures to assess RA symptoms 
in a general RA clinic cohort, finding that PROMIS domain meas-
ures correlated well with established measures for assessment 
of disease activity and RA symptoms in cross- sectional analyses 
(10). In addition, Katz et al (11) reported on the performance of 
the static 29- item PROMIS profile in a large population of indi-
viduals with rheumatic disease, including RA. The findings pre-
sented in the current article aim to provide additional evidence for 
the feasibility of using PROMIS in a research setting, examine the 
distribution of PROMIS scores within an RA cohort with mostly 
moderate- to- high levels of disease activity, and provide the first 
evidence demonstrating the responsiveness of PROMIS meas-
ures to changes in RA disease activity associated with starting a 
disease- modifying antirheumatic drug (DMARD).

PATIENTS AND METHODS

Study population. Data for this study were from the first 
156 participants enrolled in the ongoing multisite, prospective, 
observational Central Pain in Rheumatoid Arthritis (CPIRA) study, 
which began enrollment in January 2014. All data obtained on or 
before September 16, 2016 were included in this set of analyses. 
Participants were recruited from 5 academic medical centers. 
Inclusion criteria required participants to have active disease 
necessitating a start or switch to a new DMARD based on phy-
sician judgment. Subjects starting hydroxychloroquine or switch-
ing from 1 tumor necrosis factor (TNF) inhibitor to another were 
not eligible for inclusion. All participants had to meet the 2010 
ACR criteria for a diagnosis of RA (12). No subjects could be 
taking >10 mg of prednisone or long- term opioid pain medica-
tions. Those subjects using central acting pain medications (e.g., 
tricyclic antidepressants, serotonin norepinephrine reuptake 
inhibitors, anticonvulsants) had to be taking stable doses for the 
past 3 months and planning to continue the same usage for the 
study duration. Patients with fibromyalgia were included in the 
study population. Patients with peripheral neuropathy or severe 
peripheral vascular disease were excluded. Patients with a diag-
nosis of another autoimmune disease were excluded. Written 
informed consent was obtained from all participants. This study 
was approved by the institutional review board at each study site.

Procedures. Subjects were evaluated before starting the 
new DMARD and 12–24 weeks after taking their first dose of 
medication. Because the onset of action of methotrexate is 3–6 
weeks, subjects starting methotrexate were eligible for enrollment 
if they had taken 1 dose before the baseline evaluation (13). Since 
not all participants had completed follow- up visits at the time of 
this analysis, follow- up data are presented on a subset of the 
baseline cohort.

RA patients were registered as study participants at the time 
of their baseline visit in the PROMIS assessment center (www.

SIGNIFICANCE & INNOVATIONS
• To our knowledge, this is the first study to assess 8 

Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS) computerized adaptive tests 
and 2 short forms (yielding a total of 10 different 
scores) of physical and mental health in rheumatoid 
arthritis (RA) patients starting a disease-modifying 
antirheumatic drug (DMARD) for active disease.

• PROMIS measures can detect change in symptoms 
of global health, pain, sleep, fatigue, and emotional 
health among RA patients with active disease who 
are starting a new DMARD.

• Changes in PROMIS measures of physical glob-
al health, mental global health, pain, sleep, fa-
tigue, and anxiety were significantly associated 
with changes in disease activity after 12 weeks of 
DMARD treatment.

http://www.assessmentcenter.net
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assessmentcenter.net). Participants answered questionnaires 
using a desktop or tablet computer. At the baseline and follow- up 
study visits, subjects completed the PROMIS global health, ver-
sion 1.1, and the PROMIS pain intensity 3a short forms (14). Sub-
jects also completed the following PROMIS physical and mental 
health domains, assessed using computerized adaptive tests: 
pain interference, pain behavior, sleep disturbance, sleep- related 
impairment, fatigue, anxiety, and depression (15–20). Computer-
ized adaptive tests use item- response theory to provide tailored 
and precise assessment across the continuum of experience (21). 
Answering questionnaires took participants typically between 5 
and 10 minutes. Research coordinators measured height and 
weight at each visit. Trained research coordinators also performed 
swollen and tender joint counts (28 joints) at both visits and pro-
vided global assessments on a 0–100 numerical rating scale (NRS) 
of the patients’ health with respect to their RA. These coordinators 
were trained in the joint examination during a 1- day orientation 
session at the beginning of the study. In addition, each coordinator 
was provided with a training video to review the joint count. Addi-
tional training in the joint examination was provided at each site, 
supervised directly by the site principal investigators (COB, WM, 
KP, TN, YCL), who are all board- certified rheumatologists.

The presence of fibromyalgia symptoms and the diagno-
sis of fibromyalgia were assessed using the 2010 modified ACR 
Preliminary Diagnostic Criteria for Fibromyalgia (22). Patients also 
provided their own global assessment of disease activity using a 
0–100 NRS (where 0 = very well and 100 = very poorly). Medica-
tion information was obtained from participants at both visits. Use 
of a DMARD at baseline was defined as having taken the DMARD 
within the 6 weeks prior to the baseline visit. Serologic status of 
subjects was obtained from chart review of each participant’s 
electronic medical record.

Scoring. Instrument scores were calculated by the PROMIS 
Assessment Center and reported as T scores standardized to a 
general population mean ± SD of 50 ± 10. High scores indicated 
more of the concept measured. Higher physical and mental global 
health scores indicated better health, whereas higher scores on 
the pain, sleep, anxiety, and depression measures indicated 
worse outcomes. The CDAI score was calculated as the sum of 
the swollen and tender joints (0–28 for swelling and 0–28 for ten-
derness), patient global assessment (0–10), and assessor global 
assessment (0–10) (23). Scores ≤10 indicated low disease activity, 
scores from >10 to 22 indicated moderate disease activity, and 
scores >22 indicated high disease activity (24).

Statistical analysis. We created histograms of the distribu-
tions of scores for all PROMIS measures and compared means in 
our population to the general population mean of 50. Multivariable 
linear regression models were used to compute adjusted mean 
PROMIS scores according to the CDAI category. Mul tivariable 
adjusted linear regression models were also used to determine 

baseline associations between each PROMIS measure, the CDAI 
score, and its components. All multivariable models were adjusted 
for site, sex, race, age, seropositive status, and RA disease dura-
tion. Among participants with follow- up data, paired t- tests were 
used to assess for change in CDAI and PROMIS measure scores 
with DMARD treatment. We used multivariable linear regression 
models to evaluate associations between changes in PROMIS 
scores and changes in CDAI and its components. Associations 
were presented as standardized betas. Approximate P values 
(e.g., P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001) were reported rather than 
exact P values according to the recommendations of Boos and 
Stefanski (24). To assess for evidence of a floor effect, a subgroup 
analysis was performed among subjects with a moderate- to- high 
CDAI score at baseline.

RESULTS

Participant characteristics. A total of 156 RA patients 
were enrolled in the CPIRA study at the time of this analysis. The 
majority of participants were women (82.1%) and white (95.5%) 
(Table 1). Mean ± SD age was 54.6 ± 13.6 years, and mean ± SD 

Table  1. Baseline characteristics of rheumatoid arthritis (RA) 
patients initiating a new DMARD (n = 156)*

Characteristic Values

Female, % 82.1
Age, years 54.6 ± 13.6
White, % 95.5
RA disease duration, years 10.0 ± 12.6
Seropositive, % 81.4
CDAI (0–100) 25.5 ± 14.0

 Swollen joints (0–28) 5.8 ± 5.6
 Tender joints (0–28) 11.8 ± 9.2
 Patient global (0–10) 4.1 ± 2.3
 Assessor global (0–10) 3.8 ± 2.3

Average pain rating (0–10) 5.2 ± 2.2
Pain catastrophizing score 

(0–52)
18.5 ± 13.6

Medication use
 DMARDs, % 60.9

 Nonbiologic DMARDs† 44.2
 Biologic DMARDs† 26.3

 Glucocorticoids, % 43.0
 Mean prednisone dose, mg‡ 6.7 ± 3.0
 NSAIDs, % 46.2

* Values are the mean ± SD unless indicated otherwise. DMARD =
disease- modifying antirheumatic drug; RA = rheumatoid arthritis; 
CDAI = Clinical Disease Activity Index; NSAID = nonsteroidal anti-
inflammatory drug. 
† Percentages reflect a denominator of the whole population. 
‡ Of patients taking prednisone. 

http://www.assessmentcenter.net
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disease duration was 10.0 ± 12.6 years. Overall, the population was 
overweight, with a mean ± SD body mass index of 31.1 ± 16.4.

The majority of participants were seropositive (81.4%) and 
had high disease activity, indicated by a mean ± SD CDAI score 
of 25.5 ± 14.0. The average numbers of swollen and tender 
joints were 5.8 ± 5.6 and 11.8 ± 9.2, respectively. The mean ± 
SD patient global assessment score was 4.1 ± 2.3. The mean 
± SD assessor global assessment score was 3.8 ± 2.3. Within 
the study population, 33.3% of participants had fibromyalgia as 
defined by the 2010 modified ACR Preliminary Diagnostic Criteria 
for Fibromyalgia.

At baseline, 60.9% of participants were taking ≥1 DMARD. 
Forty- four percent were using nonbiologic DMARDs, and 26.3% 
were taking biologic DMARDs. Slightly less than half of partici-
pants (43.0%) were taking glucocorticoids at their baseline visit. 
Among those taking glucocorticoids, the mean ± SD prednisone 
dose was 6.7 ± 3.0 milligrams per day. Forty- six percent of partic-
ipants received nonsteroidal antiinflammatory drugs on a regular 
basis.

Means and distributions of baseline PROMIS meas-
ures. All PROMIS T scores exhibited a normal distribution. The 
PROMIS measures with the greatest shifts in distribution from 
the general population (mean ± SD of 50 ± 10) were pain inter-
ference (60.6 ± 7.4), pain behavior (59.1 ± 4.4), fatigue (56.5 
± 9.1), and physical global health (41.0 ± 7.5) (Figure  1). The 
means for sleep disturbance and sleep- related impairment were 

close to one- half of an SD above the general population mean 
± SD of 50 ± 10, at 54.2 ± 9.1 and 55.1 ± 10.0, respectively 
(see Supplementary Figure 1, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23617/abstract). The distributions of the depression, pain 
intensity 3a, anxiety, and mental global health measures were 
similar to those of the general population, with means ± SDs of 
53.7 ± 8.8, 51.5 ± 6.0, 50.5 ± 9.2, and 47.9 ± 8.4, respectively 
(see Supplementary Figure 2, at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23617/abstract). Participants with fibromyalgia 
had significantly worse scores on all assessed PROMIS meas-
ures (P < 0.0001) (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract).

Cross- sectional associations between baseline 
PROMIS and disease activity measures. In multivariable 
analyses, mean scores for all PROMIS measures were significantly 
worse (P < 0.001) across categories of increasing disease activity 
(Table 2). Mean physical global health scores ranged from 45.3 
among those with low disease activity to 38.8 among those with 
high disease activity, whereas mental global health scores ranged 
from 51.2 among those with low disease activity to 46.1 among 
those with high disease activity. Of the individual PROMIS domains, 
sleep disturbance showed the widest range in scores (7.9 points), 
whereas pain behavior showed the smallest difference (2.1 points).

In multivariable models examining the relationship 
between PROMIS measures and CDAI scores, significant 

Figure 1. Distributions of A, Patient- Reported Outcomes Measurement Information System (PROMIS) pain interference, B, pain behavior, C, 
fatigue, and D, physical global health T scores for study participants, showing scores by Clinical Disease Activity Index (CDAI) at baseline (n = 
156). The red dotted line shows the general population mean score of 50.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract


PROMIS MEASURES IN RA |      525

associations (βs ranging from |0.21| to |0.34|; P < 0.05) were
found with physical global health, pain intensity 3a, pain inter-
ference, pain behavior, sleep disturbance, and sleep- related 
impairment (Table 3). Tender joints, patient global assessment, 

and assessor global assessment were also significantly asso-
ciated (βs ranging from |0.18| to |0.43|; P ≤ 0.05) with these
PROMIS measures. The swollen joint component of the CDAI 
was only significantly associated (β = 0.18; P < 0.05) with

Table 2. Patient- Reported Outcomes Measurement Information System (PROMIS) T scores by CDAI category*

PROMIS measure†
Low ≤10 
(n = 23)

Moderate 10–22 
(n = 51)

High >22 
(n = 82)

Physical global health‡ 45.3 (44.4–46.1) 42.6 (41.9–43.3) 38.8 (38.3–39.3)
Mental global health§ 51.2 (50.6–51.8) 49.3 (48.7–49.9) 46.1 (45.6–46.5)
Pain intensity 3a‡ 48.5 (47.8–49.2) 50.7 (50.2–51.2) 52.9 (52.5–53.3)
Pain interference§ 57.2 (56.5–57.9) 59.6 (59.0–60.1) 62.2 (61.8–62.6)
Pain behavior¶ 57.7 (56.9–58.5) 58.7 (58.1–59.3) 59.8 (59.3–60.2)
Sleep disturbance‡ 48.9 (48.2–49.7) 52.6 (51.9–53.2) 56.8 (56.4–57.2)
Sleep- related impairment§ 50.0 (48.9–51.0) 53.1 (52.3–53.9) 57.8 (57.2–58.4)
Fatigue§ 52.9 (52.1–53.7) 55.0 (54.4–55.6) 58.4 (57.9–58.9)
Anxiety§ 50.5 (49.2–51.8) 52.4 (51.6–53.2) 55.3 (54.7–56.0)
Depression¶ 47.7 (46.5–48.8) 49.2 (48.5–49.8) 52.1 (51.5–52.7)

* Values are the mean (95% confidence interval). Multivariable models adjusted for study site, sex, race, age, seropositivity, and rheumatoid
arthritis disease duration to predict means by Clinical Disease Activity Index (CDAI) category and to determine trend across categories. Dif-
ferences between groups were all significant at P <0.001. 
† Global health and pain intensity 3a scores were collected using short forms. All other instruments were collected using computerized adap-
tive tests. Lower global health scores indicate worse global health. For all other measures, high scores indicate worse symptoms. All PROMIS 
scores range from approximately 20 to 80 and are standardized to a general population mean ± SD of 50 ± 10. 
‡ P ≤0.001. 
§ P ≤0.01.
¶ P ≤0.05. 

Table  3. Standardized betas showing associations between Patient- Reported Outcomes Measurement Information System (PROMIS) 
T scores and disease activity measures at baseline (n = 156)*

PROMIS measure CDAI Swollen joints Tender joints Patient global Assessor global

Physical global 
health†

–0.25‡ 0.019 –0.21§ –0.43¶ –0.28‡

Mental global 
health†

–0.14 0.073 –0.12 –0.30‡ –0.24‡

Pain intensity 3a† 0.30¶ 0.063 0.25§ 0.38¶ 0.27¶
Pain interference 0.27‡ 0.016 0.25§ 0.35¶ 0.27‡
Pain behavior 0.21§ 0.018 0.22§ 0.25‡ 0.18§
Sleep disturbance 0.34¶ 0.18§ 0.27‡ 0.30¶ 0.23‡
Sleep- related 

impairment
0.27‡ 0.045 0.26‡ 0.29¶ 0.26‡

Fatigue 0.17 –0.065 0.23§ 0.26‡ 0.16
Anxiety 0.14 –0.040 0.12 0.28¶ 0.18§
Depression 0.026 –0.10 0.021 0.17§ 0.14

* Multivariable models adjusted for study site, sex, race, age, seropositivity, and rheumatoid arthritis disease duration. Standardized betas
reflect the amount of SDs a dependent variable changes per SD change in the independent variable. 
† Global health and pain intensity 3a scores were collected using short forms. All other instruments were collected using computerized adap-
tive tests. Lower global health scores indicate worse global health. For all other measures, high scores indicate worse symptoms. All PROMIS 
scores range from approximately 20 to 80 and are standardized to a general population mean ± SD of 50 ± 10. 
‡ P ≤0.01. 
§ P ≤0.05.
¶ P ≤0.001. 
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sleep disturbance. The directionality of all associations was 
such that increases in the CDAI score or the components of 
the CDAI were associated with worsening PROMIS scores.

Changes in PROMIS measures and CDAI score from 
baseline to 12 weeks post- DMARD initiation. At the time 
of this analysis, 106 subjects had data from a follow- up visit. With 
12–24 weeks of DMARD treatment, disease activity significantly 
decreased with a mean ± SD decrease in the CDAI score of 10.8 
± 13.1. The 52 subjects with high baseline disease activity expe-
rienced a mean ± SD improvement in the CDAI score of 17.6 ± 
14.6. The 38 participants with moderate baseline disease activity 
experienced a mean ± SD improvement in the CDAI score of 5.8 
± 6.6, and 16 participants with low baseline disease activity expe-
rienced an average improvement in the CDAI score of 0.8 ± 6.3.

All PROMIS measures improved significantly (P < 0.05) 
with DMARD treatment (Table  4). The greatest improvement 
was seen in the pain intensity 3a scores (6.0 points), and the 
smallest improvement was seen in mental global health scores 
(1.7 points). In a sensitivity analysis examining only subjects with 
moderate- to- high CDAI scores at baseline, the results were 
 similar.

Changes in all PROMIS measures, except depression, were 
significantly associated (βs ranging from |0.23| to |0.38|; P ≤ 0.05) 
with changes in the CDAI score and changes in tender joint count 

(βs ranging from |0.24| to |0.36|; P ≤ 0.05) (Table 5). Changes in
all PROMIS measures, except mental global health, were sig-
nificantly associated with changes in patient global assessment 
(βs ranging from |0.21| to |0.35|; P ≤ 0.05). Changes in physical
global health, mental global health, pain interference, sleep 
disturbance, sleep- related impairment, and fatigue were signif-
icantly associated with changes in assessor global assessment 
(βs ranging from |0.22| to |0.34|; P ≤ 0.05). Changes in PROMIS
measures were not significantly associated with changes in the 
swollen joint count. A sensitivity analysis among those subjects 
with a moderate- to- high baseline CDAI score showed similar 
results, with some associations being slightly stronger in the 
subgroup of individuals with moderate- to- high disease activity 
(see Supplementary Table 2, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/

acr.23617/abstract).

DISCUSSION

To our knowledge, this is the first prospective, longitudinal 
study to examine changes in PROMIS measures among RA 
patients starting a DMARD. This study is also unique in that it 
provides data regarding PROMIS measures among RA patients 
with moderate- to- high disease activity, whereas previous studies 
included RA patients following established DMARD regimens with 
lower average disease activity (9,11).

At baseline, mean PROMIS physical global health, pain inter-
ference, and pain behavior scores differed by approximately 1 SD 
from general population norms, indicating that these measures 
are able to differentiate RA patients with active disease from the 
general population. In contrast, mean PROMIS pain intensity and 
depression T scores were similar to population norms. This finding 
may be due to habituation, meaning that patient perception of 
their symptoms may change over time as they habituate to the 
new reality of their chronic illness. In other words, a rating of 0 
may equate to baseline symptoms instead of a complete lack of 
symptoms (9). Further research is needed to examine the role of 
habituation in the assessment of pain and depression in patients 
with active RA. In the meantime, investigators wanting to com-
pare symptoms of pain and depression between RA patients and 
the general population should consider including other assess-
ments of these domains and/or supplement the assessments 
with related PROMIS measures (e.g., pain interference and pain 
behavior).

In cross- sectional analyses, all of the evaluated PROMIS 
instruments, including pain intensity and depression, differentiated 
between groups of RA patients with different levels of disease 
activity. Pain intensity and depression scores were significantly 
higher among those with higher disease activity compared to 
those with lower disease activity, despite similar mean scores 
in the total cohort compared to general population norms. This 
observation underscores the distinction between comparing 

Table  4. Mean Patient- Reported Outcomes Measurement 
Information System (PROMIS) T scores pre-  and post- DMARD 
treatment (n = 106)*

Pre- DMARD Post- DMARD

Physical global 
health

41.4 ± 7.3 45.1 ± 8.7†

Mental global 
health

48.0 ± 8.2 49.7 ± 9.0‡

Pain intensity 3a 51.5 ± 6.0 45.5 ± 7.7†
Pain interference 60.6 ± 7.3 55.5 ± 8.0†
Pain behavior 59.2 ± 4.7 54.8 ± 8.0†
Sleep disturbance 55.2 ± 8.5 50.9 ± 8.8†
Sleep- related 

impairment
55.2 ± 9.8 52.0 ± 10.5†

Fatigue 56.8 ± 8.6 52.3 ± 8.8†
Anxiety 54.3 ± 8.8 51.2 ± 9.5†
Depression 50.8 ± 9.7 48.5 ± 9.2§

* Values are the mean ± SD. Global health and pain intensity 3a
scores were collected using short forms. All other instruments 
were collected using computerized adaptive tests. Lower global 
health scores indicate worse global health. For all other measures, 
high scores indicate worse symptoms. All PROMIS scores range 
from approximately 20 to 80 and are standardized to a general 
population mean ± SD of 50 ± 10. DMARD = disease- modifying  
antirheumatic drug. 
† P ≤0.001 from paired t- tests. 
‡ P ≤0.05 from paired t- tests. 
§ P ≤0.01 from paired t- tests.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23617/abstract
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subgroups within a population versus comparing 2 different pop-
ulations. Even though RA patients may have a different frame of 
reference than the general population for gauging symptoms of 
pain severity and depression, these measures were able to differ-
entiate between RA patients with different disease activity levels.

Congruent with the finding that baseline PROMIS scores 
were associated with baseline CDAI categories, the baseline 
scores for physical global health, pain intensity 3a, pain inter-
ference, pain behavior, sleep disturbance, and sleep- related 
impairment were correlated with each component of the CDAI, 
except the swollen joint count. The absence of association 
between PROMIS measures and the swollen joint count may 
be due to multiple factors, including the relative insensitivity of 
the swollen joint count as an independent measure of inflamma-
tory disease activity (25,26) and the multifaceted nature of these 
PROs. The patient- reported measures of disease activity likely 
capture more intangible aspects of the patient experience, which 
may variably reflect actual inflammation, depending on individual 
circumstances (27–29).

One of the most novel findings of this study was the obser-
vation that all PROMIS measures improved with DMARD treat-
ment. In our study, the largest change was seen with pain inten-
sity, whereas the smallest change was seen in the mental global 
health scores. The changes in the physical health domains were 
larger than those for the mental health domains. This observation 
is consistent with reports for legacy instruments assessing PROs 
in clinical trials (30). A meta- analysis of the effect of TNF inhibitor 

therapy in chronic illnesses, including RA, showed that although 
depression and anxiety improved with treatment, effect sizes were 
small (31). Whether the improvements observed in this study 
were clinically meaningful is still unclear. Research is underway to 
determine the minimal clinically important differences in PROMIS 
scores for RA patients.

Changes in all PROMIS measures, except depression, 
were associated with changes in the CDAI score, though the 
magnitudes of correlation were generally low. In a subgroup  
analysis, including only those subjects with baseline moderate- 
to- high disease activity, some correlations were slightly stronger, 
suggesting a possible mild floor effect among individuals with 
low disease activity at baseline. Of the physical health domains, 
the strongest associations with changes in disease activity were 
noted for the measures of sleep and fatigue (PROMIS sleep dis-
turbance, sleep- related impairment, and fatigue). These findings 
highlight the important relationship between sleep, fatigue, and 
disease activity in RA and are consistent with reports of signifi-
cant reductions in sleep problems and fatigue in clinical trials of 
RA patients treated with DMARDs (32–34).

The lack of association between changes in depression and 
changes in the CDAI score is notable in the context of growing 
interest in the impact of inflammation on depressive symptoms. 
Others have reported that depression and inflammatory disease 
activity have a reciprocal relationship. Whereas depressive symp-
toms decrease with effective treatment of inflammatory disease 
activity, prevalent depression also decreases the likelihood of 

Table  5. Standardized betas showing associations between changes in Patient- Reported Outcomes Measurement Information System 
(PROMIS) T scores and changes in disease activity measures (n = 106)*

PROMIS measure CDAI Swollen joints Tender joints Patient global Assessor global

Physical global 
health†

–0.29‡ –0.12 –0.30‡ –0.21§ –0.24§

Mental global 
health†

–0.34‡ –0.20 –0.33‡ –0.18 –0.22§

Pain intensity 3a† 0.27§ 0.12 0.24§ 0.23§ 0.20
Pain interference 0.33‡ 0.12 0.31‡ 0.30‡ 0.28‡
Pain behavior 0.27§ 0.059 0.28‡ 0.28‡ 0.20
Sleep disturbance 0.38¶ 0.12 0.36¶ 0.35‡ 0.34‡
Sleep- related 

impairment
0.33‡ 0.11 0.34‡ 0.27‡ 0.30‡

Fatigue 0.33‡ 0.086 0.35‡ 0.29‡ 0.27§
Anxiety 0.23§ 0.048 0.24§ 0.24§ 0.16
Depression 0.088 –0.039 0.067 0.24§ 0.10

* Multivariable models adjusted for study site, sex, race, age, seropositivity, and rheumatoid arthritis disease duration to predict means by
Clinical Disease Activity Index (CDAI) category and to determine trend across categories. Standardized betas reflect the amount of SDs a 
dependent variable changes per SD change in the independent variable. 
† Global health and pain intensity 3a scores were collected using short forms. All other instruments were collected using computerized adap-
tive tests. Lower global health scores indicate worse global health. For all other measures, high scores indicate worse symptoms. All PROMIS 
scores range from approximately 20 to 80 and are standardized to a general population mean ± SD of 50 ± 10. 
‡ P ≤0.01. 
§ P ≤0.05.
¶ P ≤0.001. 
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response to DMARDs (35). Multiple factors, including the com-
plex relationship between depression, pain, and inflammation, 
the absence of severe depressive symptoms at baseline, and 
the small magnitude of change in depression scores, may have 
limited our ability to detect associations in this study.

The strengths of our study include the large sample size of 
RA patients with active disease and the comprehensive assess-
ment of these patients after initiation of a DMARD. Limitations 
of this study include the absence of a comparison group of RA 
patients who were not starting DMARDS. In addition, we were 
not able to examine associations between PROMIS measures 
and serum markers of inflammation. Although blood samples 
were obtained from these subjects, these measures have not 
been assayed, because this study is ongoing. We also did not 
include assessments of physical function, which could be an 
important determinant of irreversible components of disease. 
Other studies, however, have shown that PROMIS measures of 
physical function are valid and responsive in RA (36,37).

Another limitation may be generalizability, because only 60.9% 
of the participants were taking a DMARD at the time of the baseline 
study visit. The relatively low number taking DMARDs at baseline 
reflects the inclusion criterion requiring patients to have active dis-
ease, necessitating a start or switch to a new DMARD. Many sub-
jects had previously been taking DMARDs but had discontinued 
their DMARD at least 6 weeks prior to the study visit for various 
reasons (e.g., insurance changes, infection/other comorbidities, 
history of remission) and, as a result, were experiencing increased 
disease activity, requiring initiation of a new DMARD.

This study contributes new information regarding the role of 
PROMIS measures in the longitudinal assessment of RA patients 
with active disease treated with DMARDs. The PROMIS global 
health, pain intensity, pain interference, pain behavior, sleep dis-
turbance, sleep- related impairment, fatigue, anxiety, and depres-
sion measures were all able to differentiate between RA patients 
with different levels of disease activity. The PROMIS physical global 
health, pain, and sleep measures were correlated with the CDAI 
score and each of its components, except swollen joint count. 
With respect to statistical significance, all the aforementioned 
PROMIS measures improved with initiation of a DMARD. However, 
from a clinical standpoint, whether these changes were meaning-
ful is not known. While the majority of improvements in PROMIS 
measures were associated with improvements in the CDAI score, 
the magnitudes of association were not strong. Further research is 
needed to determine minimal clinically important changes in these 
measures for RA patients and to clarify the effects of baseline RA 
disease activity on the responsiveness of these measures.
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Impact of High- Intensity Interval Training on Disease 
Activity and Disease in Patients With Psoriatic Arthritis: A 
Randomized Controlled Trial
Ruth S. Thomsen,1 Tom I. L. Nilsen,1 Glenn Haugeberg,2 Anja Bye,1 Arthur Kavanaugh,3 and Mari Hoff1

Objective. To evaluate the impact of high- intensity interval training (HIIT) on disease activity and disease percep-
tion in patients with psoriatic arthritis (PsA) and to evaluate whether a potential effect could be sustained for a longer 
period of time.

Methods. We randomly assigned 67 patients with PsA (43 women and 24 men) to an intervention group in which 
patients performed HIIT for 11 weeks or a control group of patients who were instructed not to change their physical 
exercise habits. Outcomes were assessed at 3 months and 9 months with the patient’s global assessment (PGA), 
fatigue, and pain scores measured on a 100- mm visual analog scale (VAS), and the composite Disease Activity Score 
in 44 joints (DAS44) was calculated. We used linear mixed models to calculate the mean difference (95% confidence 
interval [95% CI]) between groups according to the intent- to- treat principle.

Results. At 3 months, there was no clear difference in the PGA score (–0.49 [95% CI –10.91, 9.94]), DAS44 (–0.08 
[95% CI –0.36, 0.20]), or pain intensity (5.45 [95% CI –4.36, 15.26]) between the groups. However, patients in the 
intervention group reported less fatigue (–12.83 [95% CI –25.88, 0.23]) than those in the control group. There was no 
evidence of long- term effects of HIIT on outcomes measured at 9 months.

Conclusion. HIIT showed no clear effects on disease activity markers in patients with PsA, but the intervention 
(exercise) group reported meaningfully less fatigue after the intervention period. The results of this study suggest that 
patients with PsA tolerate HIIT without deterioration of disease activity and with improvement in fatigue.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic heterogeneous inflammatory 
disease. Inflammation in the musculoskeletal system may present 
as enthesitis, dactylitis, arthritis, or spondylitis. The consequences 
for the patient may include fatigue, pain, impaired physical function, 
and reduced quality of life (QoL) (1–3). The aim of standard treatment 
using synthetic and biologic disease- modifying antirheumatic drugs 
(DMARDs) is to reduce inflammatory activity (4). However, medical 
treatments do not always appear to eliminate symptoms such as 
fatigue and pain, both of which are significantly related to QoL (4).

Physical exercise is recommended as a supplement to 
medical therapy for all patients with arthritis, although there is 
little evidence for its utility in patients with PsA (5). High- intensity 
interval training (HIIT) is a system of organizing cardiorespiratory 

training with repeated bouts of short duration, high- intensity 
exercise intervals at 80–95% of maximum heart rate (HRmax) 
interrupted by periods of lower- intensity intervals of active 
recovery (6). The impact and tolerability of HIIT in patients with 
PsA is unknown. Furthermore, there are no recommendations 
regarding the type and intensity of exercise for patients with 
PsA. There is also a concern that vigorous physical exercise 
may cause increased disease activity in patients with PsA, by 
generating more enthesitis. This concern is related to the notion 
that mechanical strain can drive entheseal inflammation (7,8).

The aim of this randomized controlled trial (RCT) in 
patients with PsA was to evaluate the impact of HIIT on dis-
ease activity and patients’ disease perception and to evaluate 
whether a potential effect could be sustained for a longer period  
of time.

ClinicalTrials.gov identifier: NCT02995460.
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PATIENTS AND METHODS

Design. We conducted an RCT in 2 parallel groups, com-
paring an intervention group in which patients performed HIIT 
3 times per week for 11 weeks to a control group in which 
patients made no change in their pre- study physical exercise 
habits. The study was performed according to Good Clinical 
Practice and Declaration of Helsinki principles. The trial was 
approved by the regional ethics committee (RECnr 2012/1646) 
and is registered in ClinicalTrials.gov (identifier: NCT02995460). 
Results are presented according to the CONSORT (Consoli-
dated Standards of Reporting Trials) statement (see Supple-
mentary Material, available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23614/ 
abstract) (9).

Participants. All eligible patients with PsA, ages 18–65 
years, fulfilled the Classification of Psoriatic Arthritis (CASPAR) 
Study Group criteria. Exclusion criteria included inability to exer-
cise, unstable ischemic cardiovascular disease or severe pul-
monary disease, an anticipated need for a change in synthetic 
or biologic DMARDs during the intervention period (however, a 
change of DMARDs was possible during the follow- up period, 
from 3 months to 9 months, and a change in glucocorticoid 
doses as well as injections with intraarticular glucocorticoid 
were allowed until 4 weeks before any follow- up), pregnancy, 
breastfeeding, and drug or alcohol addiction. In addition, the 
investigator interviewed the patients about their physical exer-
cise habits. Those who reported vigorous endurance training 
(e.g., running or bicycling) at least once weekly for the last 3 
months were excluded. Patients were recruited through local 
advertisement at the Department of Rheumatology, St. Olavs 
Hospital, the Psoriasis and Eczema Association of Norway; 
and the Norwegian Rheumatism Association. The study was 
conducted at St. Olavs Hospital and Norwegian University of 
Science and Technology (NTNU), Trondheim, Norway, from 
2013 to 2015.

Intervention. At baseline, the patients performed a 
max test measuring their HRmax and maximum oxygen uptake 
(Vo2 max) on a stationary bicycle (10). All tests were carried out 
at the Cardiac Exercise Research Group (CERG) facilities at 
NTNU. The exercise intervention was performed as a super-
vised HIIT workout starting with a 10- minute warm- up period 
followed by 4 × 4 minutes of exercise at 85–95% of HRmax 
interrupted by 3 minutes of exercise at 70% of the HRmax (11). 
The supervised HIIT was performed on a stationary bicycle 
at CERG twice weekly, with an intermitting day of rest. The 
supervisors were physiotherapy and physiology students who 
were experienced in guiding an HIIT. One supervisor guided 
a maximum of 6 patients at a time. Additionally, the patients 
did one self- guided HIIT a week. They were instructed in 
using  the HIIT concept by, e.g., running, bicycling, or walk-
ing uphill. All exercises were supported by using a heart rate 
monitor.

During the follow- up period from 3 to 9 months, patients 
in the HIIT group were encouraged to continue exercising but 
without guidance. To reinforce adherence to the training pro-
gram, diaries were obtained from the HIIT group every week 
during the intervention period from baseline to 3 months and 
included information on the type of exercise, time, location, 
and with whom it was performed. Moreover, the intensity was 
rated by the registered pulse and by the 15- point Borg scale 
(from 6 to 20), the latter being a method of rating perceived 
exertion (12,13). Patients in the control group were instructed 
not to change their pre- study physical exercise habits. How-
ever, during the follow- up period from 3 to 9 months, they 
were allowed to start exercising.

Assessment of outcome measures. Outcome mea-
sures were assessed at baseline and at 3 and 9 months of 
 follow- up. These assessments included questionnaires, clinical 
examinations, and laboratory measurements. An experienced 
rheumatologist (RST) performed the clinical examinations, 
including joint and enthesis assessment. Blood samples and the 
baseline body mass index were assessed at the Department of 
Research and Development, St. Olavs Hospital. Demographics, 
disease measures, comorbidities, and medication data were 
obtained using the medical journal system and the GoTreatIT 
Rheuma software program (14), the latter of which was devel-
oped for use in daily clinical care and for research purposes 
(www.diagraphit.com).

Main outcome measure. The main outcome was patient’s 
global assessment (PGA) score based on the question “In all 
the ways in which your PSORIASIS and ARTHRITIS, as a whole, 
affect you, how would you rate the way you felt over the past 
week?” and reported on a 100- mm VAS. The PGA has been 
found to be a reliable tool for the assessment of both joint and 
skin disease (15), and a PGA score ≤20 is defined as low disease 
activity (16).

SIGNIFICANCE & INNOVATIONS
• Physical exercise is recommended for all patients

with arthritis, although there is little evidence for its 
utility in patients with psoriatic arthritis (PsA). Fur-
thermore, there are no recommendations regard-
ing the type and intensity of exercise for patients 
with PsA.

• High-intensity interval training did not result in de-
terioration of disease activity or disease perception 
in patients with PsA.

• Fatigue improved after high-intensity interval train-
ing.

• High-intensity interval training may be a relevant
mode of physical exercise for patients with PsA.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23614/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23614/abstract
http://www.diagraphit.com
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Secondary outcome measures. Patients reported fatigue 
and pain intensity on a 100- mm VAS. Fatigue was based on 
the question “To what degree has unusual tiredness or exhaus-
tion been a problem for you the last week?” and pain on the 
question “How much pain did you experience during the last 
week?” A change of ≥10 mm on a 100- mm VAS is considered 
as the minimal clinically important difference (17). Peripheral joint 
inflammation was assessed by the Disease Activity Score in 44 
joints (DAS44) (18). This is a composite score combining infor-
mation on the number of tender and swollen joints, PGA, and 
high- sensitivity C- reactive protein (hsCRP) level (19). The DAS44 
was chosen instead of the DAS in 28 joints, because joints in the 
ankle and feet are included.

Axial inflammation was evaluated by the Ankylosing Spondyli-
tis Disease Activity Score using the CRP level (ASDAS- CRP), which 
is a continuous score based on 4 questions and the hsCRP level 
(20). The burden of enthesitis was defined by the Spondyloarthri-
tis Research Consortium of Canada (SPARCC) Enthesitis Index, in 
which 18 enthesial sites are examined for the presence or absence 
of tenderness, providing a score ranging from 0 to 16 (21,22).

Sample size. A difference in the main outcome measure 
(PGA) of 10 mm on a 0–100- mm VAS was considered clinically 
important (17), and based on a standard deviation of 15 and a 
correlation of 0.4 between repeated measures (23), we estimat-
ed that 30 patients were required in each group to achieve a 
power of 90% at an alpha level of 0.05.

Randomization and blinding. Patients were randomized 
to either a HIIT group or a control group according to a 1:1 allo-
cation in permuted blocks after signed consent was given and a 
clinical investigation was performed, using a computer random- 
number generator (Unit for Applied Clinical Research, St. Olavs 
Hospital). Patients were stratified according to sex. The block 
randomization did not allow the researchers to reveal the next 
allocations. The rheumatologist (i.e., one of the researchers) was 
blinded to group allocation at the time of baseline evaluations but 
not at 3 months and 9 months of follow- up. The assessors at the 
biochemical laboratory at St. Olavs Hospital (who analyzed blood 
samples) were blinded throughout all follow- ups.

Statistical analysis. The main analyses of both pri-
mary and secondary outcomes were conducted according to 
an intent- to- treat strategy, using all available data from all time 
points. We used a linear mixed model for repeated measures to 
estimate mean differences with 95% confidence intervals (95% 
CIs) in outcome variables between the HIIT group and the control 
group at 3 months and 9 months after randomization. Changes 
from baseline at 3 months and 9 months were calculated using 
a joint baseline level of the outcome measure, assuming that any 
baseline differences between groups are due to chance. From 
these models, we also estimated the mean change in outcome 
variables within each group.

All measures of effect were adjusted for sex (male and 
female) and age (continuous). Due to non- normal distribution of 
the hsCRP level, we used a logarithmic transformation of the 
variable in the regression model before transforming back the 
estimates. The results for hsCRP are thus expressed as geomet-
ric means. Logistic regression analysis was performed to cal-
culate the odds ratios (ORs) with 95% CIs for worsening in the 
SPARCC Enthesitis Index in the HIIT and control groups. The 
difference in the SPARCC Enthesitis Index between baseline and 
3 months was used to classify patients as having a worse or 
same/improved enthesitis burden. The diaries were reviewed to 
find the number of accomplished supervised and self- guided 
exercises. The mean intensity, as rated using the Borg scale, 
was calculated according to the values recorded in the diaries.

Descriptive statistics are presented as the mean ± SD or as 
the median and interquartile range for non- normally distributed 
variables. All statistical analyses were conducted using Stata 
version 14.2.

RESULTS

Participant flow and characteristics. Among 102 patients 
who were assessed for eligibility, 35 were excluded based on the 
exclusion criteria, withdrawal, or other reasons (Figure 1). Thus, 67 
patients were eligible for randomization and allocation to either the 

Figure 1. Diagram showing the flow of participants through the 
study. HIIT = high- intensity interval training.
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HIIT group (n = 32) or the control group (n = 35). More women than 
men were included in the study (66% and 63% in the HIIT and con-
trol groups, respectively), and the mean ± SD age of patients in the 
HIIT group was 50.7 ± 11 years, and that of patients in the control 
group was 45.6 ± 11.5 years. Baseline characteristics of the patients 

are shown in Table 1.
Patients in the HIIT group turned in completed diaries for 

95% of all weeks. They completed the guided exercises in 78% 
of all sessions. However, patients in the HIIT group did more self- 
guided endurance exercises than requested (i.e., 1.2 times/week). 
According to diaries, the mean ± SD intensity during guided exer-
cise was 16.4 ± 3.3, which according to the 15- point Borg scale 
is considered “very hard” effort. The mean ± SD intensity during 
self- guided exercise was 12.8 ± 3.4, which according to the Borg 
scale is considered “moderate” effort. At 9 months of follow- up, 
28 patients remained in each group. Of these, 12 (4%) in the HIIT 
group and 5 (18%) in the control group reported that they were 
doing endurance exercise.

Effect on outcome measures at 3 months. Overall, 
there was no clear difference in the PGA score (−0.49 mm [95% 
CI −10.91, 9.94]), the DAS44 (−0.08 mm [95% CI −0.36, 0.20]), 
pain intensity score (5.45 mm [95% CI −4.36, 15.26]), ASDAS- 
CRP level (−0.14 [95% CI −0.53, 0.25]), or hsCRP level (−0.11 
mg/liter [95% CI −0.97, 0.75]) between the groups at 3 months 
(Table 2). Although there were no differences between groups in 
measures of disease activity and pain, patients in the HIIT group 
reported lower fatigue than that reported by patients in the con-
trol group (−12.83 mm [95% CI −25.88, 0.23]). Moreover, within- 
group analyses showed that both groups experienced reduc-
tions in PGA, pain intensity, DAS44, and fatigue from baseline 
to 3 months. There was no difference in change in the SPARCC 
Enthesitis Index between the 2 groups, with an OR of 0.80 (95% 
CI 0.19, 3.35) for worsening when comparing the HIIT group 

with the control group.

Outcome at 9 months of follow- up. At 9 months of 
follow- up, there were no clinically important differences between 
the 2 groups for all outcome measures (Table 3). Similar to the 
3- month data, there was some decline in most of the outcome 
variables from baseline to 9 months, although the magnitude of 
change was small.

Safety. During the period of intervention from baseline to 3 
months, 2 patients in the HIIT group and none in the control group 
had intraarticular injections. Injections were given 1 month after 
the start of the intervention. At the 3- month follow- up, 4 patients 
in the HIIT group and 3 in the control group had intraarticular injec-
tions. During the 3 month to 9 month follow- up, 4 patients in the 
HIIT group and 7 patients in the control group had intraarticular 
injections. None of the injections were administered later than 4 
weeks prior to DAS44 evaluations. One patient left the HIIT group 

due to sequelae after a stroke previous to the study and found 
that participation in the intervention was too difficult. No other 
adverse events were reported during the intervention.

Table  1. Baseline characteristics of the patients with psoriatic 
arthritis in the intervention and control groups*

Intervention 
(n = 32)

Control 
(n = 35)

Age, mean ± SD years 50.7 ± 11.0 45.6 ± 11.5
Female, no. (%) 21 (66) 22 (63)
Disease duration, 

median (IQR) years
5.5 (2–12) 3 (2–11)

Synthetic DMARDS, no. 
(%) 

29 (91) 28 (80)

Biologic DMARDS, no. 
(%)

11 (34) 10 (29)

Vo2 max, mean ± SD ml/
kg/minute† 

28.73 ± 6.41 30.75 ± 7.95

Current smoker, no. (%) 6 (19) 5 (14)
BMI, mean ± SD kg/m2 28.6 ± 4.1 28.0 ± 4.5
hsCRP, median (IQR) 

mg/liter‡
1.67 (0.9–4.5) 1.87 (0.86–4.74)

PGA score, mean ± SD 
(0–100- mm VAS

37.4 ± 23.4 42.9 ± 20.8

DAS44, mean ± SD§ 1.98 ± 0.77 2.00 ± 0.74
Tender joint count in 66 

joints, median (IQR)
4.5 (1–9) 6 (1–9)

Swollen joint count in 
68 joints, median 
(IQR)

0 (0–1) 0 (0–2)

Fatigue score, mean ± 
SD (0–100- mm VAS)#

43.5 ± 30.7 52.9 ± 28.2

Pain score, mean ± SD 
(0–100- mm VAS)

35.3 ± 21.0 39.2 ± 22.8

ASDAS- CRP, mean ± 
SD§

2.08 ± 0.96 2.18 ± 0.89

SPARCC Enthesitis 
Index, median (IQR)

3 (1–6) 3 (0–5)

M- HAQ score, median 
(IQR)

0.32 (0–0.69) 0.38 (0.25–0.63)

PASI score, median 
(IQR)

0 (0–1) 0.5 (0–2.7)

* IQR = interquartile range; DMARDs = disease- modifying antirheu-
matic drugs; Vo2 max = maximum oxygen uptake; BMI = body mass 
index; hsCRP = high- sensitivity C- reactive protein; PGA = patient’s 
global assessment; DAS44 = Disease Activity Score in 44 joints; 
ASDAS- CRP = Ankylosing Spondylitis Disease Activity Score using 
the CRP level; SPARCC = Spondyloarthritis Research Consortium 
of Canada; M- HAQ = modified Health Assessment Questionnaire; 
PASI = Psoriasis Area Severity Index. 
† Baseline data were missing for 4 patients in the control group 
and 2 patients in the intervention group. 
‡ Baseline data were missing for 4 patients in the control group 
and 1 patient in the intervention group. 
§ Calculated based on ordinary CRP values for those with missing 
hsCRP data at baseline. 
# Baseline data were missing for 1 patient in the control group. 
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DISCUSSION

In this RCT, we observed that although HIIT in patients with 
PsA had no effect on markers of disease activity, patients per-
forming HIIT had a clinically relevant improvement in fatigue at 
3 months compared with controls. Unfortunately, there were 
no longer clinically relevant effects of HIIT at 9 months. To our 
knowledge, this is the first study investigating the impact of HIIT 
on disease activity and PsA patients’ disease perception. The 
results of previous studies in rheumatoid arthritis (RA) and spon-
dyloarthritis (SpA) have suggested reduced inflammatory activity 
after HIIT (24–26). Otherwise, the concept of HIIT, performed at 
85–95% of HRmax, has been associated mainly with increased 
cardiorespiratory fitness (11,27).

Disease activity as assessed by both the primary outcome 
measure PGA and the secondary outcome measures DAS44, 
ASDAS- CRP, and HS- CRP was either reduced or stable within 
both the HIIT group and the control group. It is conceivable that 
vigorous exercise in patients with PsA might increase disease 
activity, in particular enthesitis (7). Encouragingly, this was not 
observed.

At inclusion, the PGA score indicated higher disease activity 
than that judged by the DAS44 and hsCRP. Discrepancy between 
physicians’ and patients’ perception of disease activity is a well- 
known phenomenon (28–30). Both physicians’ and patients’ per-

ception of disease activity as well as the hsCRP level influence the 
DAS. Furthermore, PGA could also be influenced by factors other 
than disease activity (31,32) (e.g., experience of pain for reasons 
other than inflammatory disease activity). Results of a recent study 
suggest an association between physical exercise and skeletal 
damage related to the Achilles tendon insertion in patients with 
PsA (33). However, the type of exercise was not defined. In our 
patients, SPARCC Enthesitis Index did not increase more in the 
HIIT group compared with the control group, and the ASDAS- 
CRP level showed a reduction after 3 months. A partial expla-
nation may be that the supervised exercise was performed on a 
stationary bicycle versus a treadmill, minimizing mechanical stress 
to the lower limbs and back.

Interestingly, we observed that patients in the HIIT group 
had a clinically relevant improvement in fatigue at 3 months 
compared with controls. However, this difference in the fatigue 
score was not evident at 9 months when physical activity was 
not maintained. Although fatigue is a major problem in PsA (1), 
its etiology is not well understood. It could be partially explained 
by inflammation (34), and a higher degree of fatigue has been 
associated with higher disease activity as measured by enthesi-
tis, joint count, and skin disease (1,35). In a multicenter cross- 
sectional study, it was shown that fatigue in patients with 
PsA was associated with female sex, level of education, skin 
 psoriasis, enthesitis, as well as tender and swollen joints (1). 

Table 2. Changes in outcome between patients in the control group (n = 35) and patients in the intervention group (n = 32) and changes within 
the groups from baseline to 3 months of follow- up*

Baseline mean, 
both groups

Changes within groups

Mean between- group differenceControl Intervention

PGA 40.41 −5.37 −5.86 −0.49
95% CI 34.79, 46.02 −13.12, 2.37 −13.74, 2.02 −10.91, 9.94
P – 0.17 0.15 0.93

Fatigue 48.74 −3.03 −15.86 −12.83
95% CI 41.74, 55.73 −12.82, 6.75 −25.66, −6.75 −25.88, 0.23
P – 0.54 0.002 0.05

DAS44 2.00 −0.30 −0.38 −0.08
95% CI 1.84, 2.16 −0.50, −0.09 −0.59, −0.17 −0.36, 0.20
P – 0.004 <0.001 0.56

Pain 37.57 −11.03 −5.58 5.45
95% CI 32.49, 42.65 −18.38, −3.68 −13.06, 1.90 −4.36, 15.26
P – 0.003 0.14 0.28

ASDAS- CRP 2.14 −0.17 −0.31 −0.14
95% CI 1.91, 2.36 −0.46, 0.12 −0.60, −0.02 −0.53, 0.25
P – 0.24 0.04 0.49

hsCRP† 1.87 −0.00 −0.11 −0.11
95% CI 1.33, 2.42 −0.65, 0.64 −0.74, 0.52 −0.97, 0.75
P – 0.99 0.73 0.81

* Scores for PGA, fatigue, and pain were measured on a 0–100- mm visual analog scale. Baseline data for PGA, DAS44, pain, and ASDAS were available 
for 67 patients; baseline data for hsCRP were available for 62 patients. All measures were adjusted for age and sex. See Table 1 for abbreviations. 
† Expressed as the geometric mean. 
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Among our patients with PsA, the association between fatigue 
and female sex was possibly because two- thirds of the patients 
were women, but an association with disease activity was not 
apparent. In patients with RA, increased fatigue seems to be 
associated with increased pain (32). We observed no strong 
effect on pain intensity in parallel with the reduction in fatigue in 
our study. However, the baseline pain score among our patients 
was mild to moderately high (36), and thus the potential for a 
reduction in pain could be lower than that among patients with 
higher pain intensity levels. Another explanation for the reduc-
tion in the fatigue score could be an exercise- induced endorphin 
response (37) or improvement in aerobic capacity (38). Never-
theless, the effect of exercise on fatigue in our study is consistent 
with results of previous studies investigating physical exercise 
in patients with SpA and those with RA (39–41). Furthermore, 
graded aerobic exercise at 40–70% of HRmax has been reported 
to reduce fatigue in individuals with chronic fatigue syndrome 
(42).

After the 3- month intervention period, the patients were 
responsible for the exercise themselves, and less than one- half 
of patients in the HIIT group continued exercising. Moreover, in 
those who did exercise, the intensity level was usually reduced. 
Patients in the control group were encouraged to exercise, but 
only 18% managed to start with endurance exercises. The lack 

of persistence could explain why the effect on fatigue in the HIIT 
group was not sustained. This lack of persistence may empha-
size that PSA patients need continuous motivation to perform 
physical exercise, and this notion has also been suggested by 
other investigators (41,43). The observed minor reduction in all of 
the outcome measures in both groups may be explained by the 
Hawthorne effect—that people change their behaviors when they 
know they are being observed (44).

A strength of the current study was the randomized 
design. Both groups had the same type and amount of  
follow- up, and the diagnosis was confirmed by an experienced 
rheumatologist before enrollment. In the HIIT group, adher-
ence to the guided exercises was good, and the exercises 
were performed with a high intensity, according to the diaries. 
The withdrawal rate was only 12.5% in the HIIT group but was 
a little higher in the control group (17.1%). Moreover, disease 
duration and disease activity measured by the PGA score were 
comparable to those observed in other PsA patients in Nor-
way (45), indicating that the external validity of our results is 
high. The baseline median swollen joint count was low, but a 
risk of flare caused by mechanical stress would be likely even 
with low disease activity. On the other hand, an improvement 
in disease activity would be less likely in patients with a low 
baseline swollen joint count.

Table 3. Changes in outcome between patients in the control group (n = 35) and patients in the intervention group (n = 32) and changes within 
the groups from baseline to 9 months of follow- up*

Baseline mean,  
both groups

Change from baseline to 9 months 
Mean between- group difference at 

9 monthsControl Intervention

PGA 40.41 −6.35 −5.36 0.99
95% CI 34.79, 46.02 −14.20, 1.50 −13.24, 2.52 −9.51, 11.49
P – 0.11 0.18 0.85

Fatigue 48.74 −7.92 −2.72 5.20
95% CI 41.74, 55.73 −17.92, 2.08 −12.52, 7.08 −8.00, 18.41
P – 0.12 0.59 0.44

DAS44 2.00 −0.34 −0.16 0.18
95% CI 1.84, 2.16 −0.54, −0.13 −0.37, 0.05 −0.10, 0.46
P – 0.001 0.13 0.22

Pain 37.57 −7.94 −4.29 3.64
95% CI 32.49, 42.65 −15.39, −0.49 −11.77, 3.18 −6.23, 13.51
P – 0.04 0.26 0.47

ASDAS- CRP 2.14 −0.17 −0.01 0.16
95% CI 1.91, 2.36 −0.46, 0.12 −0.30, 0.29 −0.23, 0.56
P – 0.26 0.96 0.42

hsCRP† 1.87 −0.04 0.63 0.67
95% CI 1.33, 2.42 −0.69, 0.61 −0.22, 1.48 −0.39, 1.72
P – 0.92 0.11 0.20

* Scores for PGA, fatigue, and pain were measured on a 0–100- mm visual analog scale. Baseline data for PGA, DAS44, pain, and ASDAS were 
available for 67 patients; baseline data for fatigue were available for 66 patients; and baseline data for hsCRP were available for 62 patients. 
All measures were adjusted for age and sex. See Table 1 for abbreviations.
† Expressed as the geometric mean. 
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The need for intraarticular injections during the study could 
be considered an adverse event. However, a total of 10 intraar-
ticular glucocorticoid injections in each group during the total 
study period could be due to flares caused by a natural disease 
course. The injections were given at least 4 weeks prior to any 
follow- up and therefore should not affect the DAS44. Other lim-
itations included the relatively small sample size, which reduces 
the precision of the estimated effects. Furthermore, ideally all of 
the HIIT sessions should be guided, but for practical reasons 
and time constraints of the participants, only 2 of 3 exercise ses-
sions were supervised. This could have resulted in lower exer-
cise intensities for the unsupervised sessions and consequently 
a smaller observed effect of HIIT between the groups. In addi-
tion, the control patients were allowed to practice endurance 
exercises from 3 to 9 months to enhance their willingness to 
participate in the study, which could mask potential long- term 
effects. However, only 5 of the 28 participants in the control 
group reported engaging in vigorous exercise during this period.

Furthermore, patients who volunteer to participate in a trial 
involving physical exercise might be more experienced with 
physical activity and exercise compared with those who do not 
participate, thereby reducing the generalizability of our results. In 
addition, the lack of blinded intervention and assessment could 
potentially have influenced the results. Moreover, patient- reported 
outcome measures might be difficult to interpret, because issues 
other than actual disease activity, such as permanent damage, 
psychological distress, and comorbidities, could influence the 
reporting (46). In addition, we cannot rule out the possibility that 
control patients might have performed endurance exercise during 
the intervention period. Finally, HIIT is a method of exercise that 
may be difficult to perform without guidance over time.

No clear effects on disease activity markers and pain 
were observed after HIIT in patients with PsA. However, fatigue 
improved during the period of HIIT. Thus, we conclude that HIIT 
was well tolerated in patients with PsA, as evaluated by measures 
of both disease activity and patients’ disease perception. How-
ever, the benefit does not last if HIIT is not maintained. A challenge 
(and goal) for health care providers is to motivate and encourage 
patients to remain physically active.

ACKNOWLEDGMENTS

The authors are grateful to the individuals at NeXt Move, 
Norwegian University of Science and Technology (NTNU), who 
performed testing for maximum oxygen uptake and maximum 
heart rate. The authors would also like to thank the participating 
patients.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it criti-
cally for important intellectual content, and all authors approved the final 
version to be published. Dr. Thomsen had full access to all of the data 

in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. Thomsen, Bye, Hoff.
Acquisition of data. Thomsen, Hoff.
Analysis and interpretation of data. Thomsen, Nilsen, Haugeberg, Bye, 
Kavanaugh, Hoff.

REFERENCES
 1. Gudu T, Etcheto A, de Wit M, Heiberg T, Maccarone M, Balanescu 

A, et al. Fatigue in psoriatic arthritis: a cross- sectional study of 246 
patients from 13 countries. Joint Bone Spine 2016;83:439–43.

 2. Tillett W, Dures E, Hewlett S, Helliwell PS, FitzGerald O, Brooke M, 
et al. A multicenter nominal group study to rank outcomes important 
to patients, and their representation in existing composite outcome 
measures for psoriatic arthritis. J Rheumatol 2017;44:1445–52.

 3. Gulati AM, Semb AG, Rollefstad S, Romundstad PR, Kavanaugh 
A, Gulati S, et al. On the HUNT for cardiovascular risk factors 
and disease in patients with psoriatic arthritis: population- based 
data from the Nord- Trondelag Health Study. Ann Rheum Dis 
2016;75:819–24.

 4. Gossec L, Smolen JS, Ramiro S, de Wit M, Cutolo M, Dougados M, 
et al. European League Against Rheumatism (EULAR) recommenda-
tions for the management of psoriatic arthritis with pharmacological 
therapies: 2015 update. Ann Rheum Dis 2016;75:499–510.

 5. Lubrano E, Spadaro A, Parsons WJ. Rehabilitation in psoriatic arthri-
tis. J Rheumatol 2009;83:81–2.

 6. McCall P. What is high intensity interval training (HIIT) and what are 
the benefits? 2009. URL: https://www.acefitness.org/edu cation-
and-resources/lifestyle/blog/104/what-is-high-intensity-interval-
training-hiit-and-what-are-the-benefits.

 7. Jacques P, Lambrecht S, Verheugen E, Pauwels E, Kollias G, 
 Armaka M, et al. Proof of concept: enthesitis and new bone forma-
tion in spondyloarthritis are driven by mechanical strain and stromal 
cells. Ann Rheum Dis 2014;73:437–45.

 8. McGonagle DG, Helliwell P, Veale D. Enthesitis in psoriatic disease. 
Dermatology 2012:100–9.

 9. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: up-
dated guidelines for reporting parallel group randomised trials. Int J 
Surg 2011;9:672–7.

 10. Zisko N, Stensvold D, Hordnes-Slagsvold K, Rognmo O, Nauman 
J, Wisloff U, et al. Effect of change in VO2max on daily total energy 
expenditure in a cohort of Norwegian men: a randomized pilot study. 
Open Cardiovasc Med J 2015;9:50–7.

 11. Helgerud J, Hoydal K, Wang E, Karlsen T, Berg P, Bjerkaas M, et al. 
Aerobic high- intensity intervals improve VO2max more than moder-
ate training. Med Sci Sports Exerc 2007;39:665–71.

 12. Borg GA. Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc 1982;14:377–81.

 13. Borg-scale 1982. URL: https://www.hsph.harvard.edu/nutrition-
source/borg-scale/.

 14. DiaGraphIT. GoTreatIT Rheuma software program. 2015. URL: 
http://www.diagraphit.com/.

 15. Cauli A, Gladman DD, Mathieu A. Patient global assessment in pso-
riatic arthritis: a multicenter GRAPPA and OMERACT study. J Rheu-
matol 2011;38:898–903.

 16. Wells GA, Boers M, Shea B, Brooks PM, Simon LS, Strand CV, et al. 
Minimal disease activity for rheumatoid arthritis: a preliminary defini-
tion. J Rheumatol 2005;32:2016–24.

 17. Kwok T, Pope JE. Minimally important difference for patient- reported 
outcomes in psoriatic arthritis: Health Assessment Questionnaire 
and pain, fatigue, and global visual analog scales. J Rheumatol 
2010;37:1024–8.

https://www.acefitness.org/education-and-resources/lifestyle/blog/104/what-is-high-intensity-interval-training-hiit-and-what-are-the-benefits
https://www.acefitness.org/education-and-resources/lifestyle/blog/104/what-is-high-intensity-interval-training-hiit-and-what-are-the-benefits
https://www.acefitness.org/education-and-resources/lifestyle/blog/104/what-is-high-intensity-interval-training-hiit-and-what-are-the-benefits
https://www.hsph.harvard.edu/nutritionsource/borg-scale/
https://www.hsph.harvard.edu/nutritionsource/borg-scale/
http://www.diagraphit.com/


HIGH-INTENSITYINTERVALTRAININGINPsA |      537

 18. Fransen J, van Riel PL. DAS remission cut points. Clin Exp Rheuma-
tol 2006;24(6 Suppl 43):S-29–32.

 19. Flendrie M, Pittiman, Fransen J. DAS44 1993 [VERSION 1.]. URL:
http://www.das-score.nl/das28/DAScalculators/dasculators.html.

 20. ASDAS calculator carearthritis.com 2014. URL: https://www.
carearthritis.com/tools/tools_html.anonlaunch?toolid=12&refid=/
physicians.php%23tab1.

 21. Maksymowych WP, Mallon C, Morrow S, Shojania K, Olszynski WP,
Wong RL, et al. Development and validation of the Spondyloarthritis
Research Consortium of Canada (SPARCC) Enthesitis Index. Ann
Rheum Dis 2009;68:948–53.

 22. Mease PJ, Karki C, Palmer JB, Etzel CJ, Kavanaugh A, Ritchlin CT,
et al. Clinical characteristics, disease activity, and patient-reported
outcomes in psoriatic arthritis patients with dactylitis or enthesitis:
 results from the Corrona Psoriatic Arthritis/Spondyloarthritis Regis-
try. Arthritis Care Res (Hoboken) 2017;69:1692–9.

 23. Vickers AJ. The use of percentage change from baseline as an out-
come in a controlled trial is statistically inefficient: a simulation study.
BMC Med Res Methodol 2001;1:6.

 24. Sandstad J, Stensvold D, Hoff M, Nes BM, Arbo I, Bye A. The effects 
of high intensity interval training in women with rheumatic disease: a
pilot study. Eur J Appl Physiol 2015;115:2081–9.

 25. Sveaas SH, Berg IJ, Provan SA, Semb AG, Hagen KB, Vollestad
N, et al. Efficacy of high intensity exercise on disease activity and
cardiovascular risk in active axial spondyloarthritis: a randomized
controlled pilot study. PLoS One 2014;9:e108688.

 26. Sveaas SH, Smedslund G, Hagen KB, Dagfinrud H. Effect of car-
diorespiratory and strength exercises on disease activity in patients
with inflammatory rheumatic diseases: a systematic review and
meta- analysis. Br J Sports Med 2017;51:1065–72.

 27. Rognmo O, Hetland E, Helgerud J, Hoff J. High intensity aerobic in-
terval exercise is superior to moderate intensity exercise for increas-
ing aerobic capacity in patients with coronary artery disease. Eur J
Cardiovasc Prev Rehabil 2004;11:216–22.

 28. Dandorfer SW, Rech J, Manger B, Schett G, Englbrecht M. Differ-
ences in the patient’s and the physician’s perspective of disease in
psoriatic arthritis. Semin Arthritis Rheum 2012;42:32–41.

 29. Desthieux C, Granger B, Balanescu AR, Balint P, Braun J, Canete
JD, et al. Determinants of patient- physician discordance in global
assessment in psoriatic arthritis: a multicenter European study. Ar-
thritis Care Res (Hoboken) 2017;69:1606–11.

 30. Michelsen B, Kristianslund EK, Hammer HB, Fagerli KM, Lie E,
 Wierod A, et al. Discordance between tender and swollen joint count 
as well as patient’s and evaluator’s global assessment may reduce
likelihood of remission in patients with rheumatoid arthritis and pso-
riatic arthritis: data from the prospective multicentre NOR- DMARD
study. Ann Rheum Dis 2017;76:708–11.

 31. Vermeer M, Kuper HH, van der Bijl AE, Baan H, Posthumus MD,
Brus HL, et al. The provisional ACR/EULAR definition of remission in
RA: a comment on the patient global assessment criterion. Rheuma-
tology (Oxford) 2012;51:1076–80.

 32. Pollard LC, Choy EH, Gonzalez J, Khoshaba B, Scott DL. Fatigue in
rheumatoid arthritis reflects pain, not disease activity. Rheumatology
(Oxford) 2006;45:885–9.

 33. Michelsen B, Diamantopoulos AP, Soldal DM, Hammer HB,
 Kavanaugh A, Haugeberg G. Achilles enthesitis defined by

 ultrasound is not associated with clinical enthesitis in patients with 
psoriatic arthritis. RMD Open 2017;3:e000486.

 34. Gossec L, Kvien TK, Conaghan PG, Østergaard M, Cañete JD, Gaillez 
C, et al. Relationship between improvements in fatigue and signs &
symptoms of active psoriatic arthritis: a sub- analysis of a phase 3
study with secukinumab [abstract]. Arthritis Rheumatol 2015;67 Sup-
pl 10. URL: http://acrabstracts.org/abstract/relationship-between-
improvements-in-fatigue-and-signs-&-symptoms-of-active-psoriatic-
arthritis-a-sub-analysis-of-a-phase-3-study-with-secukinumab.

 35. Wells G, Li T, Maxwell L, MacLean R, Tugwell P. Determining the
minimal clinically important differences in activity, fatigue, and
sleep quality in patients with rheumatoid arthritis. J Rheumatol
2007;34:280–9.

 36. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult
pain: Visual Analog Scale for Pain (VAS pain), Numeric Rating
Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short- 
Form McGill Pain Questionnaire (SF- MPQ), Chronic Pain Grade
Scale (CPGS), Short Form- 36 Bodily Pain Scale (SF- 36 BPS), and
Measure of Intermittent and Constant Osteoarthritis Pain (ICOAP)
Chronic Pain Grade Scale (CPGS), Short Form- 36 Bodily Pain
Scale (SF- 36 BPS), and Measure of Intermittent and Constant Os-
teoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken) 2011;63
Suppl 11:S240–52.

 37. Sinaei M, Kargarfard M. The evaluation of BMI and serum beta- 
endorphin levels: the study of acute exercise intervention. J Sports
Med Phys Fitness 2015;55:488–94.

 38. Staud R. Peripheral and central mechanisms of fatigue in inflamma-
tory and noninflammatory rheumatic diseases. Curr Rheumatol Rep
2012;14:539–48.

 39. Sveaas SH, Berg IJ, Fongen C, Provan SA, Dagfinrud H. High- 
intensity cardiorespiratory and strength exercises reduced emotional 
distress and fatigue in patients with axial spondyloarthritis: a ran-
domized controlled pilot study. Scand J Rheumatol 2017:1–5.

 40. Durcan L, Wilson F, Cunnane G. The effect of exercise on sleep
and fatigue in rheumatoid arthritis: a randomized controlled study.
J Rheumatol 2014;41:1966–73.

 41. Katz P, Margaretten M, Gregorich S, Trupin L. Physical activity to
reduce fatigue in rheumatoid arthritis: a randomized controlled trial.
Arthritis Care Res (Hoboken) 2018;70:1–10.

 42. Dannaway J, New CC, New CH, Maher CG. Exercise therapy is a
beneficial tervention for chronic fatigue syndrome (PEDro synthesis).
Br J Sports Med 2018;52:542–3.

 43. Chimenti MS, Triggianese P, Conigliaro P, Santoro M, Lucchetti R,
Perricone R. Self- reported adherence to a home- based exercise
program among patients affected by psoriatic arthritis with minimal
disease activity. Drug Dev Res 2014;75 Suppl 1:S57–9.

 44. McCambridge J, Witton J, Elbourne DR. Systematic review of the
Hawthorne effect: new concepts are needed to study research par-
ticipation effects. J Clin Epidemiol 2014;67:267–77.

 45. Michelsen B, Fiane R, Diamantopoulos AP, Soldal DM, Hansen
IJ, Sokka T, et al. A comparison of disease burden in rheumatoid
arthritis, psoriatic arthritis and axial spondyloarthritis. PLoS One
2015;10:e0123582.

 46. Nikiphorou E, Radner H, Chatzidionysiou K, Desthieux C, Zabalan
C, van Eijk-Hustings Y, et al. Patient global assessment in measuring 
disease activity in rheumatoid arthritis: a review of the literature. Ar-
thritis Res Ther 2016;18:251.

http://www.das-score.nl/das28/DAScalculators/dasculators.html
https://www.carearthritis.com/tools/tools_html.anonlaunch?toolid=12***[and]***refid=/physicians.php#tab1
https://www.carearthritis.com/tools/tools_html.anonlaunch?toolid=12***[and]***refid=/physicians.php#tab1
https://www.carearthritis.com/tools/tools_html.anonlaunch?toolid=12***[and]***refid=/physicians.php#tab1
http://acrabstracts.org/abstract/relationship-between-improvements-in-fatigue-and-signs-***[and]***-symptoms-of-active-psoriatic-arthritis-a-sub-analysis-of-a-phase-3-study-with-secukinumab
http://acrabstracts.org/abstract/relationship-between-improvements-in-fatigue-and-signs-***[and]***-symptoms-of-active-psoriatic-arthritis-a-sub-analysis-of-a-phase-3-study-with-secukinumab
http://acrabstracts.org/abstract/relationship-between-improvements-in-fatigue-and-signs-***[and]***-symptoms-of-active-psoriatic-arthritis-a-sub-analysis-of-a-phase-3-study-with-secukinumab


538  

Arthritis Care & Research
Vol. 71, No. 4, April 2019, pp 538–544
DOI 10.1002/acr.23686 
© 2018, American College of Rheumatology

Relationship of Joint Hypermobility With Ankle and 
Foot Radiographic Osteoarthritis and Symptoms in a 
Community- Based Cohort
Yvonne M. Golightly,1  Marian T. Hannan,2  Amanda E. Nelson,1  Howard J. Hillstrom,3 Rebecca 
J. Cleveland,1 Virginia B. Kraus,4  Todd A. Schwartz,1  Adam P. Goode,4  Portia Flowers,1 Jordan 
B. Renner,1 and Joanne M. Jordan1

Objective. To explore associations of joint hypermobility (a condition where range of motion is greater than nor-
mal) with ankle and foot radiographic osteoarthritis (OA) and symptoms in a large community- based cohort of African 
American and white adults ages 55–94 years old.

Methods. Ankle and foot radiographs and joint hypermobility data (Beighton score for joint hypermobility criteria) 
were available for 848 participants (from 2003 to 2010) in this cross- sectional study. General joint hypermobility was 
defined as a Beighton score ≥4 (range 0–9); knee hypermobility was defined as hyperextension of at least 1 knee. 
Standing anteroposterior and lateral foot radiographs were read with standard atlases for Kellgren- Lawrence grade, 
osteophytes, and joint space narrowing (JSN) at the tibiotalar joint, and for osteophytes and JSN to define OA at 5 
foot joints. Ankle or foot symptoms were self- reported. Separate person- based logistic regression models were used 
to estimate associations of ankle and foot OA and symptom outcomes with hypermobility mea sures, adjusting for 
age, sex, race, body mass index, and history of ankle/foot injury.

Results. This sample cohort included 577 women (68%) and 280 African Americans (33%). The mean age of the 
participants was 71 years, with a mean body mass index of 31 kg/m2. The general joint hypermobility of the par-
ticipants was 7% and knee hypermobility was 4%. Having a history of ankle injury was 11.5%, and foot injury was 
3.8%. Although general joint hypermobility was not associated with ankle and foot outcomes, knee hypermobility 
was associated with ankle symptoms, foot symptoms, and talonavicular OA (adjusted odds ratios of 4.4, 2.4, and 
3.0, respectively).

Conclusion. Knee joint hypermobility may be related to talonavicular OA and to ankle and foot   
symptoms.

INTRODUCTION

Joint hypermobility is a condition in which the range of motion 
is greater than normal at most joints. The Beighton scoring system 
is the most commonly used measure for assessing joint hypermo-
bility in clinical and research settings. This 9- point test assesses 
hypermobility of the trunk (forward bending with straight knees) 

and bilaterally of the first and 5th fingers, elbows, and knees (1). 
Typically, a cutoff point of 4 is used to define general joint hyper-
mobility. Joint hypermobility is common in youth and is a lifelong 
condition, but its frequency in the population declines with older 
age due to the common joint stiffening that occurs with aging 
(2,3). Prevalence of joint hypermobility is estimated between 2% 
and 57% of the population, depending on the criteria used and 
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the population studied (4–8). Joint hypermobility is more frequent 
among women than men (8), may differ by race (8,9), and is linked 
to obesity (10) and joint injury (11,12).

Key risk factors for osteoarthritis (OA), the most common 
form of arthritis and a leading cause of disability (13), include older 
age, female sex, obesity, and joint injury, which are similar risk fac-
tors to those seen in joint hypermobility. Of the lower body joints, 
most community- based OA studies have examined the knee and 
hip, and less is known about OA of the ankle and foot and their 
risk factors. In a previous study, which was, to our knowledge, 
the first community- based cohort study of older African American 
and white men and women (14), we demonstrated associations 
of older age, obesity, prior injury, and ankle symptoms (i.e., pain, 
aching, and stiffness) with radiographic ankle OA, but the rela-
tionship of joint hypermobility with ankle OA or symptoms was 
not investigated. No prior published cohort study has examined 
the association of joint hypermobility with foot OA or foot or ankle 
symptoms.

In clinical settings, joint hypermobility appears to be asso-
ciated with OA, but evidence from larger cohort studies does 
not readily support this observation (15–19). Among these few 
published cross- sectional cohort studies, associations of joint 
hypermobility and OA vary. For the hand, positive associations 
between metacarpophalangeal joint hypermobility and first 
 carpometacarpal joint OA were demonstrated in a population- 
based study of older adults in Reykjavik, Iceland (n = 384) (17), 
while inverse associations of general joint hypermobility and hand 
OA were noted in a study of a cohort of sibling pairs from the US 
and the UK (n = 1,043) and in an extended family of African Amer-
ican and American Indian descent (from a single founder born in 
the 1700s; n = 280) (18). In the same extended family, general joint 
hypermobility was inversely associated with knee OA (15), yet a 
positive association was observed among 100 women ages ≥50 
years in a clinical population in the UK (19). No apparent associ-
ations were seen between general joint hypermobility and lumbar 
or thoracic spine OA in a study of 716 older white women in a 
community study in the UK (16). This lack of agreement may be 
due in part to differences in joint hypermobility definitions used in 

these studies, but also may suggest differences in the association 
of hypermobility and OA outcomes by joint site, as well as differ-
ences in the samples. Potentially, joint sites that are vulnerable to 
the biomechanic impact of joint hypermobility, such as weight- 
bearing joints of the foot or ankle, might contribute to poorer joint 
health. A study of 112 female soccer players demonstrated that 
joint hypermobility was associated with greater midfoot loading 
attributed to medial foot collapse, a condition that is linked to joint 
injuries (20). Furthermore, hypermobility of the knee is associated 
with altered neuromuscular strategies during walking, which may 
affect multiple joints along the kinetic chain including the ankle 
and foot (21).

The purpose of this study was to explore the associations 
of joint hypermobility with ankle and foot OA and symptoms in a 
large community- based cohort. Our primary hypermobility mea-
sure was general joint hypermobility, based on the commonly 
used Beighton score of ≥4. We also chose to examine knee 
hypermobility (the ability to complete the knee maneuver on the 
Beighton score criteria in at least one knee) because of: 1) the bio-
mechanical connection of the knee with the ankle- foot complex, 
as supported by the altered lower body joint moments observed 
with knee hypermobility (21) and the poorer ankle joint health 
among knees with poor joint health (22,23); and 2) the possibility 
that older adults with general joint hypermobility may be less likely 
to achieve ≥4 Beighton score maneuvers due to joint stiffness with 
aging. We hypothesized that joint hypermobility (general and knee) 
would be associated with foot and ankle OA and symptoms.

MATERIALS AND METHODS

Study participants. The Johnston County Osteoarthritis 
Project is a prospective, ongoing, community- based study of 
OA and OA risk factors that began in 1991 (24). Participants 
included in this cohort are African American and white men and 
women ages ≥45 years who resided in 1 of 6 townships in John-
ston County, North Carolina for at least one year. Baseline data 
were collected from 1991 to 1997 for the original cohort (n = 
3,187) and from 1999 to 2003 for the enrichment cohort (n = 
1,015), and follow- up visits of these cohorts were completed 
approximately every 5 years. Measurement of joint hypermobility 
(Beighton score criteria) was conducted during the 2003–2004 
and 2006–2010 clinical examinations, but not during the 2013–
2015 examination. Radiographs of the feet and ankles were first 
collected in the Johnston County Osteoarthritis  Project (2013–
2015). Radiographic, joint symptoms, and participant charac-
teristics data collected during the 2013–2015 study visit for 908 
individuals were used in the present analyses (Figure 1), at which 
time participants had aged to be ≥55 years old. For its duration, 
the Johnston County Osteoarthritis Project has been continu-
ously approved by the Institutional Review Boards of the Univer-
sity of North Carolina at Chapel Hill and the Centers for Disease 
Control and Prevention.

SIGNIFICANCE & INNOVATIONS
• Reports of associations of joint hypermobility and 

osteoarthritis (OA) vary widely, potentially because 
hypermobility may affect each joint site differently.

• To our knowledge, this is the first large cohort study 
to examine the relationship of joint hypermobility 
with OA and symptoms at the foot or ankle.

• In a large cohort of adults ages ≥45 years, the asso-
ciations of joint hypermobility and radiographic OA 
and symptom outcomes appear to differ by specific 
ankle and foot joints, even when considering age, 
race, sex, obesity, and injury.
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Joint hypermobility. The Beighton scoring system for 
hypermobility was used during the 2003–2004 and 2006–2010 
clinical examinations in the Johnston County Osteoarthritis 
 Project. The Beighton score criteria have demonstrated high intr-
arater and interrater reliability (Spearman’s correlation coefficient  
r = 0.81–0.86 and 0.75–0.87, respectively) among women ages 
15–45 years (25) and a high intraclass correlation of 0.91 among 
20 patients with benign joint hypermobility syndrome or Ehlers- 
Danlos syndrome compared to 20 controls (26). The Beighton 
score criteria determine the ability to complete 9 maneuvers: pas-
sive dorsiflexion of the right/left 5th finger ≥90 degrees, passive 
apposition of the right/left thumbs to the forearm, right/left elbow 
hyperextension ≥10 degrees, passive right and left knee hyper-
extension ≥10 degrees, and palms on floor during forward trunk 
flexion with knees extended (1). As described by Beighton et al, 
one point is assigned for each completed maneuver (total score: 0 
[unable to perform any maneuver] to 9 [performed all maneuvers]). 
Two examiners were trained by an expert in musculoskeletal 
assessment to conduct each of the Beighton score maneuvers; 
interrater reliability was high (κ >0.80) (27).

General joint hypermobility was defined as a Beighton score 
≥4. Additionally, knee hypermobility, based on the ability to com-
plete the knee maneuver in at least one knee, was examined spe-
cifically because of the biomechanical association of the knee with 
the ankle and foot.

Ankle OA. Ankle images in the Johnston County Osteo-
arthritis Project included standardized mortise and lateral views 
in standing during 2013–2015. Using an atlas (28), radiographs 
were read by an expert musculoskeletal radiologist (JBR) (intra-
rater reliability kappa value of 0.91) for Kellgren- Lawrence (K/L) 
grade, osteophyte (grade 0–3), and joint space narrowing (JSN; 
grade 0–3) grades of the tibiotalar joints. In this atlas, the K/L 
grades were slightly modified; 0 was selected for no radiographic 

findings of OA, 1 indicated “minute osteophytes of doubtful clin-
ical significance”; 2 was selected when definite osteophytes and 
mild JSN were present; 3 was designated for definite osteophytes 
and moderate JSN; and 4 indicated both definite osteophytes and 
severe JSN. For the present analyses, ankle (tibiotalar joint) ra -
diographic OA was defined as a K/L grade ≥2 (28). Radiographic 
features of OA were examined separately for osteophytes (grade 
≥1 versus 0) and JSN (grade ≥1 versus 0) (29).

Foot OA. During 2013–2015, standing anteroposterior and 
lateral foot x- rays were read with a La Trobe atlas for foot radio-
graphic OA (30) in order to measure osteophytes (0–3) and JSN 
(0–3) at 5 joint sites: first metatarsophalangeal, first cuneomet-
atarsal, second cuneometatarsal, navicular- first cuneiform, and 
talonavicular. A joint with a score ≥2 osteophytes or ≥2 JSN was 
considered radiographic OA (30). According to the La Trobe Foot 
Atlas, foot radiographic OA was defined as ≥1 joint with radio-
graphic OA within the same foot.

Ankle and foot symptoms. In order to evaluate the pres-
ence of symptoms consistent with OA, during the 2013–2015 
follow- up visit participants were asked, separately for each ankle 
and foot, “On most days of any one month in the last 12 months 
did you have pain, aching or stiffness in your left/right ankle/foot?” 
(yes/no). This question has been supported for OA pain at other 
joint sites (knee and hip) (31) and considers the chronic pain expe-
rience and the fluctuations in symptom intensity over the course 
of a year. Symptoms were categorized as present separately for 
each foot and ankle based on an affirmative response to the above 
question. Additionally, the presence of ipsilateral symptoms and 
radiographic OA were examined for both the ankle (ankle symp-
toms + ankle K/L grade ≥2, along with an alternative definition of 
ankle symptoms + ankle osteophyte) and foot (foot symptoms + 
foot radiographic OA).

Demographic and clinical characteristics. Potential con-
founders included self- reported sex (men/women), race (African 
American or white), age (in years, continuous), body mass index 
(BMI) (weight [kg]/height [m2]; continuous, calculated from clini-
cal measures), and self- reported history of ankle/foot injury, which 
were collected during the 2013–2015 follow- up visit. History of 
injury was asked separately for each ankle and foot and was con-
sidered present based on an affirmative response to the question, 
“Have you ever injured your (right/left) (ankle/foot) badly enough 
that it limited your ability to walk for at least 2 days?”

Analysis. Participants with complete radiographic and 
Beighton score data were included in analyses (Figure  1). Chi- 
square statistics for categorical variables and t- tests for contin-
uous variables were used to compare demographic and clinical 
characteristics (sex, race, age, BMI, injury) by hypermobility sta-
tus. Separate logistic regression person- based models were used 

Figure  1. Johnston County Osteoarthritis Project participants 
available for analyses.

N=908 with clinic data during 
2013-2015

N=864 with complete ankle 
and foot radiographs

N=44 missing bilateral 
ankle and foot radiographs

N=848 with data available 
for analyses

N=15 missing Beighton 
Criteria during 2003-2010
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to estimate associations of hypermobility (general and knee) with 
each ankle (K/L grade, osteophytes, JSN, symptoms, symptoms 
+ K/L grade) and foot outcome (radiographic OA, symptoms, 
symptoms + radiographic OA), adjusting for covariates of sex, 
race, age, BMI, and history of injury at the joint site. Pairwise inter-
actions between hypermobility and each covariate were examined 
at the 0.10 significance level.

RESULTS

Study participants. Of the 908 participants who attended 
a clinic visit from 2012 to 2015, 864 participants had complete 
ankle and foot radiographs. Of those participants, Beighton score 
data was collected for 848 (joint hypermobility) from 2003 to 2010. 
Those who were able to participate in the 2012–2015 clinic visit 
for whom Beighton score data was available were generally similar 

to nonparticipants in this analytic sample in regard to sex, race, 
and BMI, but were typically younger at their baseline visit (age 56 
versus 62 years) and were more likely to have completed high 
school (85% versus 58%). Primary reasons for not participating in 
the clinic visit included death, moving outside of the study area, or 
being physically or mentally unable to participate.

Of the 848 participants available for these analyses, 68% 
were women and 33% were African American and had a mean ± 
SD age of 71.2 ± 7.6 years and a mean ± SD BMI of 30.9 ± 6.4 
kg/m2 (Table 1). More than 11% reported a history of an ankle 
injury, and 3.8% reported a history of a foot injury. General joint 
hypermobility was present in 59 participants (7%) and was most 
common among those ages <55 years (12.1%); 4.0% of partic-
ipants had knee hypermobility in at least one knee. Presence of 
ankle osteophytes was defined in 74.5% of participants, while 
6.6% had an ankle K/L grade ≥2, and 7.7% had ankle JSN. 

Table 1. Characteristics of participants*

Characteristic
Total sample 

(n = 848)
Beighton score ≥4 

(n = 59 [7.0%])
Beighton score <4 
(n = 789 [93.0%])

Age, mean ± SD years
55–94 71.2 ± 7.6 – 71.3 ± 7.6
56–88 – 70.2 ± 8.2 –

BMI (kg/m2), mean ± SD (range) 30.9 ± 6.4 (16.1–60.2) 29.1 ± 6.1 (17.8–51.1) 31.0 ± 6.4 (16.1–60.2)
Sex, women 577 (68.0) 48 (81.4) 529 (67.1)
Race, African American 280 (33.0) 12 (20.3) 268 (34.0)
History of ankle injury 96 (11.5)† 10 (17.0)‡ 87 (11.1)§
History of foot injury 32 (3.8)† 17 (28.8) 33 (4.2)§
Joint hypermobility, knee maneuver 34 (4.0)¶ 12 (20.3)‡ 22 (2.8)#
Ankle outcomes

KLG ≥2 56 (6.6) 2 (3.4) 54 (74.3)
OST ≥1 632 (74.5) 48 (81.4) 584 (74.0)
JSN ≥1 65 (7.7) 2 (3.4) 63 (8.0)
Ankle symptoms 146 (17.2) 14 (23.7) 132 (16.7)
Ankle symptoms + KLG ≥2 18 (2.1) 1 (1.7) 17 (2.2)
Ankle symptoms + OST 119 (14.2) 12 (20.3) 107 (13.6)

Foot outcomes
Foot rOA 189 (22.3) 12 (20.3) 177 (22.4)
First metatarsophalangeal rOA 88 (10.4) 7 (11.9) 81 (10.3)
First cuneometatarsal rOA 21 (2.5) 0 (0.0) 21 (2.7)
Second cuneometatarsal rOA 59 (7.0) 5 (8.5) 54 (6.8)
Navicular- first cuneiform rOA 41 (4.8) 4 (6.8) 37 (4.7)
Talonavicular rOA 49 (5.8) 4 (6.8) 45 (5.7)
Foot symptoms 176 (20.8) 17 (28.8) 159 (20.2)

Foot symptoms + foot rOA 46 (5.4) 4 (6.8) 42 (5.3)

* Values are the number (%) of participants unless indicated otherwise. BMI = body mass index; KLG = Kellgren/Lawrence grade;
OST = osteophytes; JSN = joint- space narrowing; rOA = radiographic osteoarthritis 
† N = 838 participants. 
‡ N = 29 participants. 
§ N = 787 participants.
¶ N = 845 participants. 
# N = 786 participants. 
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Foot radiographic OA was present in 22.3% of participants; the 
first metatarsophalangeal joint was the most common site for 
radiographic OA (10.4%) of the 5 foot joint sites. Ankle and foot 
symptoms were present in 17.2% and 20.8% of participants, 
respectively. The combination of ankle symptoms + K/L grade 
≥2 was rare (2.1%); 14.2% had ankle symptoms + osteophytes, 
and 5.4% had foot symptoms + radiographic OA.

General joint hypermobility. Overall, associations of gen-
eral joint hypermobility and ankle and foot outcomes were not 
statistically significant (Table 2). No association was observed for 
foot radiographic OA with general joint hypermobility (adjusted 
odds ratio [ORadj] 1.08, 95% confidence interval [95% CI] 
 0.55– 2.12), There were no statistically significant interactions for 
general joint hypermobility with any covariate.

Knee hypermobility. There was a statistically significant 
increase in the adjusted odds of ankle symptoms, ankle symp-
toms + K/L grade ≥2, and ankle symptoms + osteophyte (ORadj 
4.41–5.34) in association with knee hypermobility (Table 2). Com-
pared to those without knee hypermobility, the adjusted odds of 
talonavicular radiographic OA and of foot symptoms indicated a 

statistically significant increase (ORadj 3.0 and 2.4, respectively) 
in associations with knee hypermobility. No associations were 
noted for foot radiographic OA or first metatarsophalangeal 
 radiographic OA with knee hypermobility. No statistically signifi-
cant interactions for knee hypermobility with sex, race, age, BMI, 
or injury were observed.

DISCUSSION

The results of this cross- sectional study demonstrated that 
the relationships of joint hypermobility with OA and symptoms 
outcomes at the ankle and foot vary by joint site. Notably, ankle 
symptoms, ankle symptoms + ankle radiographic OA, foot 
symptoms, and talonavicular radiographic OA were strongly 
associated with knee hypermobility. The foot radiographic OA 
definition that considered radiographic OA at 5 joint sites of the 
foot was not associated with general joint hypermobility nor knee 
hypermobility based on the Beighton score criteria. Associations 
of general joint hypermobility and ankle outcomes were not sta-
tistically significant.

Although general joint hypermobility has been considered 
a risk factor for increased musculoskeletal pain (2), we did not 

Table 2. Ankle and foot outcomes with hypermobility measures*

Outcome

Beighton score Knee maneuvers

Score ≥4 
(n = 59)

Score <4 
(n = 789)

Adjusted OR 
(95% CI)

Yes 
(n = 34)

No 
(n = 811)

Adjusted OR 
(95% CI)

Ankle KLG ≥2 2 (3.4) 554 (6.8) 0.55 (0.13–2.39) 3 (8.8) 53 (6.5) 1.45 (0.42–5.13)
Ankle OST ≥1 48 (81.4) 584 (74.0) 1.87 (0.92–3.80) 27 (79.4) 602 (74.2) 1.50 (0.62–3.66)
Ankle JSN ≥1 2 (3.4) 63 (8.0) 0.47 (0.11–2.03) 3 (8.8) 61 (7.5) 1.32 (0.38–4.56)
Ankle symptoms 14 (23.7) 132 (16.7) 1.55 (0.80–3.01) 15 (44.1) 131 (16.2) 4.41 (2.06–9.44)
Ankle symptoms 

+ KLG ≥2
1 (1.70) 17 (2.15) 0.87 (0.11–6.97) 3 (8.8) 15 (1.9) 5.34 (1.37–20.79)

Ankle symptoms 
+ OST

12 (20.3) 107 (13.6) 1.67 (0.81–3.42) 13 (38.2) 106 (13.1) 4.65 (2.07–10.45)

Foot rOA 12 (20.3) 177 (22.4) 1.08 (0.55–2.12) 7 (20.6) 181 (22.3) 0.91 (0.38–2.15)
First metatarso-

phalangeal rOA
7 (11.9) 81 (10.3) 1.36 (0.59–3.14) 3 (8.8) 85 (10.5) 0.82 (0.25–2.77)

First cuneometa-
tarsal rOA

0 (0) 21 (2.7) † 0 (0) 21 (2.6) †

Second cune-
ometatarsal 
rOA

5 (8.5) 54 (6.8) 1.55 (0.57–4.22) 3 (8.8) 56 (6.9) 1.32 (0.38–4.65)

Navicular- first 
cuneiform rOA

4 (6.8) 37 (4.7) 2.16 (0.70–6.67) 2 (5.9) 39 (4.8) 1.23 (0.27–5.59)

Talonavicular rOA 4 (6.8) 45 (5.7) 1.65 (0.55–4.95) 5 (14.7) 43 (5.3) 3.05 (1.10–8.51)
Foot symptoms 17 (28.8) 159 (20.2) 1.54 (0.84–2.83) 12 (35.3) 163 (20.1) 2.40 (1.15–5.04)
Foot symptoms + 

Foot rOA
4 (6.8) 42 (5.3) 1.43 (0.48–4.28) 3 (8.8) 42 (5.2) 2.04 (0.56–7.21)

* Values are the number (%) of participants unless indicated otherwise. Adjusted for age, gender, race, ankle injury, and body mass index.
OR = odds ratio; 95% CI = 95% confidence interval; KLG = Kellgren Lawrence grade; OST = osteophytes; JSN = joint space narrowing; rOA = 
radiographic osteoarthritis. 
† No participants with hypermobility (Beighton ≥4 or able to complete knee maneuver) had first cuneo- metatarsal rOA. 
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find any objective evidence for an association between general 
joint hypermobility and ankle or foot symptoms. This differs 
from findings from a previous study (10) with a large cohort 
of 2,901 adolescents, which reported 82% higher odds of 
ankle/foot pain among individuals with general joint hypermo-
bility versus those without hypermobility, but was consistent 
with results from the present study of an association of knee 
hypermobility and ankle and foot symptoms. This is interesting 
considering that a hypermobile joint may have altered biome-
chanics, and this joint, along with other joints in the kinetic 
chain, may become overloaded during repetitive motions 
occurring with daily or occupational activities (5). The joints 
may thus experience microtrauma resulting in increased joint 
pain (5). With knee hypermobility specifically, the reduced sta-
bility of the knee may contribute to malalignment of the knee, 
along with other lower body joints, altering knee joint loads 
and contributing to joint pain. In fact, both radiographic knee 
OA and knee malalignment have been associated with bone 
scintigraphic abnormalities of the contralateral ankle (associ-
ated with ankle joint symptoms) and forefoot (22). These data, 
taken together with findings from the present study, suggest 
that therapeutic interventions targeting mechanical factors, 
particularly for knee hypermobility, may be needed to prevent 
ankle and forefoot symptoms.

For radiographic OA, the only significant result was an associ-
ation of knee hypermobility with the talonavicular joint. Our results 
suggested a possible link of joint hypermobility with a radiographic 
ankle outcome that relied on the presence of osteophytes (i.e., 
ankle osteophytes). Similar results were not seen for radiographic 
outcomes related to cartilage degeneration (e.g., JSN), but these 
analyses were limited considerably by small sample sizes. Addi-
tional investigations are needed to clarify whether joint hypermo-
bility has a varying relationship with different joint tissue processes 
at the ankle. Local foot or ankle hypermobility is not assessed 
as part of the Beighton score criteria, and associations of joint 
hypermobility and radiographic OA in our analyses may have been 
different if validated measures for hypermobility of the foot and 
ankle were a part of the assessment of general joint hypermobility. 
Joint hypermobility of the first ray, which includes the first meta-
tarsophalangeal, cuneometatarsal, and interphalangeal joints, has 
been considered by clinicians to be associated with hallux valgus, 
although there is debate as to whether hypermobility is the cause 
or the result of the deformity (32). The first ray has been clinically 
considered as hypermobile when it translates ≥1 cm superiorly 
and inferiorly with respect to the second ray, and this type of 
hypermobility has been qualitatively described and suggested to 
be related to hallux valgus and hallux rigidus, 2 conditions seen 
with first metatarsophalangeal joint OA (33,34).

Strengths of the present study include the use of a large 
community- based sample, inclusion of African American and 
white men and women participants ages ≥45 years, and the use 
of detailed data for these analyses (e.g., Beighton score criteria, 

foot and ankle radiography, foot and ankle symptoms). To our 
knowledge, this is the first large cohort study to explore asso-
ciations of joint hypermobility with ankle and foot osteoarthritis 
and symptoms.

An important limitation of this study is that there were small 
numbers for some analyses due to low frequency of hypermo-
bility and certain outcomes; thus, results should be considered 
preliminary rather than definitive. Additionally, the analyses were 
not conducted over time, and thus, we were unable to deter-
mine how joint hypermobility may contribute to the progression 
of ankle and foot symptoms and radiographic features of OA. 
Individuals in this cohort who were hypermobile in their youth 
may have experienced stiffening in the joints that is typically seen 
with aging. At the time of this study, our participants were over 
the age of 45 years when we assessed their joint hypermobility 
status with the Beighton score criteria; therefore, participants 
who at one time had general joint hypermobility (Beighton score 
criteria ≥4) now may be classified as not having this condition. 
The occurrence of joint hypermobility was 7% in this study, 
which is within the range of frequencies reported in other large 
cohorts of adults in this age group (15–18), but less than what 
is observed in younger populations (with up to 57% joint hyper-
mobility occurrence) (5,35–37). It is important to note that the 
hypermobility measures (conducted from 2002 to 2010) were 
collected several years before the ankle and foot radiographs 
were acquired (2013–2015), and the presence of joint hyper-
mobility may have been less frequent at the time of outcome 
assessment. Also, participants included in these analyses likely 
were not fully representative of the overall Johnston County 
Osteoarthritis Project cohort because they were more likely to 
be younger and to have completed more years of school than 
those who did not participate, although sex, race, and BMI were 
comparable for participants and nonparticipants.

In summary, joint hypermobility may be linked to ankle and 
foot symptoms and talonavicular radiographic OA. These find-
ings should be further examined in other populations and in lon-
gitudinal analyses, particularly studies that may include data on 
joint hypermobility during younger ages, to determine the con-
tribution of joint hypermobility over time to the incidence and 
progression of ankle and foot OA outcomes.
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“I Was Really Pleasantly Surprised”: Firsthand  
Experience and Shifts in Physical Therapist Perceptions 
of Telephone- Delivered Exercise Therapy for Knee 
Osteoarthritis–A Qualitative Study
Belinda J. Lawford, Clare Delany, Kim L. Bennell, and Rana S. Hinman

Objective. To explore physiotherapists’ perceptions before and after delivering exercise advice via telephone to 
patients with knee osteoarthritis (OA).

Methods. We performed a descriptive qualitative study (based on interpretivist methodology) embedded within 
a randomized controlled trial. Before and after providing exercise therapy to patients with knee OA, all 8 physiother-
apists who were involved in the trial participated in semi- structured interviews via telephone. Interviews were audio 
recorded, transcribed verbatim, and thematically analyzed.

Results. Prior to delivering the intervention, physiotherapists thought that the telephone should be used only 
for follow- up rather than as the primary mode of providing care. They believed that telephone- delivered care would 
be convenient and cost- saving for patients, would provide increased opportunity for patient education, and also in-
crease access to services, but that the lack of visual and physical contact with patients would be problematic. After 
delivering the intervention, physiotherapists reflected that telephone- delivered care exceeded their expectations, 
noting positive patient outcomes including improved pain, function, and confidence. The focus on communication 
allowed more personal conversations with patients and shifted patient expectations of care away from manual thera-
pies and toward self- management. Numerous implementation considerations were identified, including the need for 
clinician training in communication skills, written resources for patients to supplement telephone calls, and careful 
deliberation of how to schedule telephone consultations during the usual in- person consultations in the clinic.

Conclusion. Although physiotherapists were initially skeptical about the effectiveness of telephone- delivered 
service models to patients with knee OA, perceptions shifted once they experienced delivery of care via this nontra-
ditional method. Our findings suggest that firsthand experience may be necessary for physiotherapists to embrace 
new models of service delivery.

INTRODUCTION

Knee osteoarthritis (OA) is prevalent, affecting approximately 
one- fourth of adults (1). Clinical guidelines recommend exercise as 
a core component of nonsurgical management of OA  irrespective 
of patient age, comorbidity, pain severity, or disability (2–5). Ther-
apeutic exercise, particularly muscle strengthening, is associated 

with improvements in pain, function, and quality of life in patients 
with knee OA (6). In addition, given that patients with knee OA 
who are sedentary have poorer physical function (7,8), advice to 
increase physical activity is also imporant.

Of all allied health care professionals, general practitioners 
most commonly refer their patients with OA to physiotherapists 
(9,10). Physiotherapy care is typically provided in- person in clinics, 
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yet there is evidence that patients experience difficulties accessing 
these services (11,12). For example, although patients with OA 
believe that exercise therapy and physiotherapy are important, a 
range of system barriers contribute to poor uptake (e.g., lack of 
service provision, inconvenient appointment times, or venue loca-
tion) (11,13). In addition, common barriers to participation in exer-
cise in patients with OA include lack of access to facilities, conflict 
with routines, and transportation difficulties (12).

Telerehabilitation, which is the remote provision of rehabilita-
tion services via telecommunication technology (14), is one way 
in which accessibility to services such as physiotherapy could be 
improved. Providing care via telephone is a potentially accessi-
ble and inexpensive option, allowing patients to consult with their 
care provider from their own home or workplace. In addition, the 
“hands- off” nature of telerehabilitation consultations might help 
foster patient self- management skills (15). There is emerging 
evidence that telephone- delivered care is effective and compa-
rable to in- person consultation in patients with musculoskeletal 
conditions (e.g., those with OA and those who have undergone 
knee/hip arthroplasty) (16). For example, the UK physiotherapist- 
led telephone service PhysioDirect has been shown to be equally 
effective as usual care for improving physical health and to provide 
faster access to physiotherapy for patients with musculoskeletal 
problems (17).

Although there is evidence that telerehabilitation is effec-
tive, successful implementation is dependent on the perceived 

acceptability and usefulness of these services among patients 
and health care providers (18–20). We recently conducted 
a survey and found that physiotherapists in Australia, most 
of whom had no prior experience with delivering telereha-
bilitation, did not agree that telephone- delivered care would 
be acceptable, effective, or useful for patients with OA (21). 
In contrast, patients with knee and/or hip OA believed that 
telephone- delivered care would be safe, useful, accept-
able, and would improve their OA symptoms (22). However, 
because our data from physiotherapists was collected via an 
online survey, it is not clear why they held these perceptions 
or whether their perceptions could be shifted with firsthand 
experience of delivering care via this nontraditional method. 
Thus, the aim of this study was to qualitatively explore whether 
physiotherapists’ perceptions about telephone- delivered exer-
cise therapy for patients with knee OA shifted once they had 
delivered exercise management advice to patients with knee 
OA over the telephone.

MATERIALS AND METHODS

Study design. This study had a longitudinal, descriptive, 
qualitative design based on interpretivist methodology and was 
nested within an ongoing randomized controlled trial (RCT) 
(Australian New Zealand Clinical Trials Registry ANZCTRN 
12616000054415) evaluating the effectiveness of incorporat-
ing exercise advice and support by physiotherapists for adults 
with knee OA into an existing Australian, nurse- led, national 
musculoskeletal telephone service (23). The Consolidated Cri-
teria for Reporting Qualitative Research checklist was used to 
ensure complete and transparent reporting of this qualitative 
study (24).

Participants. All 8 physiotherapists who delivered the 
intervention for the RCT were invited and participated in this 
qualitative study. Physiotherapists were recruited from Victoria, 
Australia, through the research team’s clinical networks. Selec-
tion criteria included physiotherapy qualification, at least 2 years 
of professional experience treating patients with musculoskeletal 
disorders, and current Australian registration to practice. All par-
ticipants provided written informed consent, and the institutional 
ethics committee approved the study.

Intervention. Details of the intervention have been 
described elsewhere (23). Briefly, research patients with knee OA 
were randomly assigned to 1 of the 8 physiotherapists and received 
5–10 telephone consultations over a 6- month period. Physio-
therapists devised goals and an action plan for each patient that 
involved both a structured home exercise program and a physical 
activity plan. The program and goals were adjusted as necessary 
throughout the intervention. Physiotherapists sought to provide 
support by increasing patient knowledge and  understanding of 

SIGNIFICANCE & INNOVATIONS
• There is some evidence that physiotherapists do 

not agree that telephone-delivered exercise thera-
py for patients with osteoarthritis (OA) is an accept-
able, safe, or effective mode of service delivery, yet 
it is not clear why they hold these perceptions or 
whether these perceptions change after firsthand 
experience delivering care in this manner.

• Prior to delivering care for patients with knee OA 
over the telephone, physiotherapists believed that 
the telephone should be used only for follow-up 
with patients, and although they thought it would 
be convenient and cost-saving for patients, they 
expressed concern about the lack of physical and 
visual contact.

• After delivering care for patients with knee OA over 
the telephone, physiotherapists found that the lack 
of physical and visual contact was less of an issue 
than they had initially anticipated and were pleas-
antly surprised by the positive outcomes they were 
able to achieve with patients.

• Although physiotherapists may initially be skepti-
cal about new models of service delivery such as 
telephone-delivered care, our findings suggest that 
firsthand experience helps to shift perceptions and 
may help facilitate future implementation of novel 
service models.
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knee OA and the benefits of exercise and also worked to increase 
patients’ motivation and confidence in completing, and adhering 
to, an exercise program. Before the first consultation, each patient 
completed a pretreatment questionnaire that provided information 
for the physiotherapists about clinical history, knee symptoms, 
physical limitations, and personal goals.

Each patient was provided with a detailed information 
folder, 3 resistance bands for home exercises, and access to 
a study website containing video demonstrations of each exer-
cise. The information folder contained material about OA and its 
effective management, the role and benefits of physical activity, 
and strategies for fatigue management. The patients were also 
provided with exercise instructions and photographs, a diary to 
record exercise adherence and knee symptoms, and a template 
for a self- management plan. Each physiotherapist was also pro-
vided with an identical information folder with which to refer while 
speaking to the patients. Physiotherapists used online treatment 
notes to record health literacy topics discussed, clinical history, 
personal motivators, prescribed exercises, action plan strate-
gies, and ratings of patient’s confidence to carry out the action 
plan.

During the 3 months prior to the start of the intervention, 
physiotherapists underwent training in person- centered practice 
and behavior change support using HealthChange Methodology 
(http://www.healthchange.com/). This involved an initial 2- day 
training workshop, a period of practice consultations over 3 
months, and a final training day. Briefly, the methodology involves: 
1) a set of practice principles to guide effective communication
and knowledge transfer, 2) a set of techniques used to identify and 
address barriers to behavior change, and 3) a 10- step decision 
framework that acts as a health behavior change clinical path-
way to guide decision- making. To assist physiotherapists in using 
these skills throughout the intervention, a structured consultation 
framework (part of the HealthChange Methodology) was embed-
ded in the online treatment notes. The training program and its 
impacts on the physiotherapists have been described in detail 
elsewhere (25).

Interviews. Two semi- structured interviews with each 
physiotherapist were conducted, including one in the week 
prior to the training program, and the other after participant 
recruitment for the trial was complete and the physiotherapist 
had completed all consultations with 75% of their allocated 
participants. The pre- intervention interview guide was used to 
ascertain the physiotherapist’s beliefs about the likely effec-
tiveness of delivering exercise therapy via telephone and their 
expectations about delivering the intervention (Table  1). The 
post- intervention interview guide was drawn from the Don-
abedian framework (26) (Table  1), which is used for quality 
assessment in health care and has been advocated as a useful 
model for reviewing physiotherapy services (27). According to 
the Donabedian framework, information about quality of care 

can be drawn from 3 categories: 1) structure (environment in 
which the service is provided), 2) process (clinician and patient 
activities involved in delivering/receiving care, including the 
clinician–patient relationship), and 3) outcome (effects of the 
care provided).

All interviews lasted ~40 minutes and were conducted 
over the telephone by the same investigator (BJL), a graduate 
research student who was trained in qualitative methodolo-
gies, is not a clinician, and had no other interactions with the 
physiotherapists. Interviews were audio recorded and exter-
nally transcribed verbatim. Pseudonyms were assigned to 
each participant for confidentiality purposes. All data were de- 
identified and stored in digital format on a password- protected 
university server.

Data analysis. The first stage of data analysis involved 
a more deductive content analysis approach in which the data 
were coded using the elements of the Donabedian framework 
as an overarching guide (28). Consistent with the aims of 
the study, a thematic analysis approach was used to exam-
ine both pre- interview and post- interview data (29). The pur-
pose was to identify common patterns and ideas, which we 
subsequently grouped as themes. Interview transcripts were 
read by BJL after transcription and then re- read to identify 
topics and concepts within the data (i.e., coded). Similar or 
related topics were organized into categories and combined 
to form themes. Categories for post- intervention data were 
organized under each of the 3 elements of the Donabedian 
framework (i.e., process, structure, and outcome) (26). Cat-
egories and themes were separately reviewed and revised by 
both BJL and a qualitative expert (CD) who had no contact 
with the physiotherapists at any stage of the research. Overall 
themes were divided into subthemes, which were reviewed, 
discussed, and deliberated by all members of the research 
team (30). For reporting purposes, final themes were loosely 
grouped according to the Donabedian framework. To ensure 
credibility and confirmability of the data, another researcher 
(RSH) read all transcripts prior to discussion of the themes/
subthemes that were developed by BJL and CD. All analytical 
steps were performed using standard word processing rather 
than qualitative analysis software.

RESULTS

Characteristics of the participants. The cohort 
(Table  2) was composed of an equal number of male and 
female physiotherapists, most of whom worked exclusively in 
private practice (63%), with a mean ± SD of 14 ± 8 years of 
clinical experience. At the time of the interview, physiothera-
pists had consulted with a mean ± SD of 9 ± 1 participants 
during the study and had completed a mean ± SD of 64 ± 22 

telephone consultations.

http://www.healthchange.com/
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Table 1. Pre- intervention and post- intervention interview guides

Pre- intervention Post- intervention

1. Tell me what you think about telephone- delivered
physiotherapy care. 
(How do you think telephone- delivered care fits into 
physiotherapy practice [not just for OA])? 
2. Can you tell me about why you wanted to be
involved in this study? 
3. Telerehabilitation is defined as the delivery of
rehabilitation services over telecommunication 
technology. Do you have any experience with telere-
habilitation? Tell me about that. 
(Did you like it? What were the outcomes for you/the 
patient?) 
4. Can you tell me what you think telephone- based
physiotherapy services could offer people with knee 
OA? 
(How might it help people with OA? Do you see any 
advantages it could have over face- to- face physiother-
apy?) 
5. Do you see any potential disadvantages of
telephone- based physiotherapy for people with knee 
OA? 
(What do you think might be challenging? Why?) 
6. How do you think providing physiotherapy exercise
advice and support over the telephone will compare 
to the way you usually treat a patient with knee OA in 
the clinic when you consult with them face- to- face? 
(In what ways will it be different? How will it be similar?) 
7. I’m interested in your ideas about how you might
gain an understanding of the patient and their knee 
condition over the phone. Tell me about that. 
(Is there anything that you think you would like to do 
but might not be able to?) 
8. Tell me a bit about how you normally prescribe
exercise to a patient in the clinic, and how you think 
prescribing exercise over the telephone will be 
different? 
(How will you teach the patients their exercise 
programs over the phone? What do you expect will be 
easy/difficult?) 
9. Tell me a little bit about your typical communication
style and the methods you use to build a relationship 
with your patients. 
10. What sort of relationship do you think you will
develop with the patient over the telephone in the 
Telecare trial, knowing that you won’t see your 
patients face- to- face? 
(How will the telephone influence your normal 
communication style? How will you pick up on 
nonverbal cues?) 
11. Tell me about what impact you think the Telecare
intervention will have on people with knee OA? 
12. How confident are you feeling about delivering
exercise counselling and advice to people with knee 
OA over the phone? 
(Do you hope to learn anything yourself from this trial? 
Do you have anything else you would like to add about 
your expectations of being involved in the Telecare 
trial?) 

1. What stands out most about your experience of being a physiothera-
pist delivering care in the trial? 
2. During our first interview before the trial started, I asked you about
your expectations of the study. Overall, do you think your experiences 
matched those expectations? 
(How did it meet/not meet your expectations? Was there anything that 
took you by surprise, that you weren’t expecting? [prompt using their 
transcripts if necessary].) 
3. What stood out to you as the best things about delivering care over the
phone? 
(Did you think there were any clear advantages of delivering care via 
phone? Were there things you liked about it?) 
4. Was there anything challenging about delivering care over the phone?
(Was there anything you didn’t like about providing care via phone? Did 
you have any difficulties at any time? Can you remember a particular 
conversation/treatment that went well or not so well? and why it went 
well/not so well.) 
5. How do you think it compares to consulting with patients face- to- face
in your rooms? 
(How/why was it different/the same or better/worse? If required, reflect 
specifically on patients with knee OA.) 
6. How did the calls fit into the structure of your working day?
(Did you make the calls in your usual working hours? Did you make the 
calls from your usual workplace or elsewhere? How did you feel about 
these locations? Which locations were easier/more difficult?) 
7. Tell me how about you assessed each patient…
How did you feel about the depth of understanding you gained of each 
patient’s problem? 
(How did this differ from face- to- face practice? Anything you couldn’t do 
that you wanted to? How did being unable to touch or see the patient 
influence your assessment? Did you refer to the pre- treatment survey/
information that the patient provided? Was it useful?) 
8. Tell me about your experiences prescribing a structured exercise
program and general physical activity plan over the phone. 
(How did you instruct/teach the patients their exercise programs? What 
was easy and what was difficult? Did you do anything different compared 
to what you would normally do face- to- face?) 
9. How well do you think your patients understood the exercises and
physical activity plan you prescribed? 
(How confident were you that your patients could perform the exercises 
safely and effectively at home on their own? How confident were you that 
your patients would adhere to the exercise/activity programs?) 
10. I would like you to reflect on your communication with your patients
and the relationships you developed. What are your thoughts about this? 
(Did you change anything from what you normally do? What was easy/
what was challenging?) 
11. What do you think the main outcomes were for your patients in this
study? 
(Did patient symptoms change? Did patient function change? Did patient 
knowledge/attitudes/confidence change? Did they achieve/not achieve 
their goals?) 
12. Based on your experiences, what would you think about using the
phone in the future to consult patients with knee OA? What about other 
patients, not just ones with knee OA? 
(What advantages/disadvantages do you see that the phone offers over 
in- person visits? What would your preference be for delivery of exercises? 
Why? Is there anything you would change about such a service, based on 
your experience in this study? If you were in charge of training physios to 
give advice and treatment over the phone for OA, what would you 
introduce to the training? Do you have anything else to add?)
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Pre- intervention perceptions of telephone- delivered  
care (Table  3). The following 5 themes arose at the pre- 
intervention stage.

Telephone is only for follow- up. Most physiotherapists tend-
ed to use the telephone in their clinical practice only to check in 
on their patients and for follow- up after an in- person consulta-
tion. The telephone was not viewed as a primary mode of pro-
viding care.

Patient convenience and cost- savings. Physiotherapists 
believed that telephone- delivered care would be convenient for 
patients, and that allowing patients to consult from their own 
home could make patients feel more comfortable talking about 
their condition and/or engaging in an exercise program. Some of 
the physiotherapists also thought that telephone- delivered care 
could reduce patient costs associated with accessing physio-
therapy services.

New opportunities. Physiotherapists believed that telephone- 
delivered care could provide increased opportunities to educate 
patients about OA. In addition, they thought that telephone- 
delivered care could allow a wider variety of patients to access 
physiotherapy, such as those living in remote areas or those who 
would otherwise find it difficult to attend clinics in person.

Unable to see or touch patients. Physiotherapists were 
concerned about being unable to see or touch patients when 
consulting via telephone. They believed that this could make 
assessment of patients difficult, due to inability to observe ex-
ercise techniques or quality of movement. Physiotherapists 
thought that relationships with patients might be adversely im-
pacted, and that it could be difficult to develop rapport. They 
also believed that they might experience difficulties communi-
cating, particularly if the patient was unable to clearly describe 
his or her condition or movement difficulties. Physiotherapists 
thought that the lack of visual and physical contact would  limit 

the strategies available to them when teaching patients an ex-
ercise program.

Improved communication skills needed. Physiotherapists 
believed that, compared to traditional in- person consultations, 
more effective communication skills would be needed to consult 
via telephone, including clear questioning and careful listening 
by both themselves and the patient. Physiotherapists believed 
that, in order to supplement this, it would be necessary to pro-
vide patients with pictures or videos of each exercise so that 
patients could gain an adequate understanding of the exercise 
technique.

Post- intervention perceptions of telephone- delivered  
care (Table 4). The following 4 themes arose post- intervention.

Exceeded expectations. Physiotherapists found that their 
experiences providing telephone- delivered care exceeded their 
expectations, resulting in new enthusiasm for this model of ser-
vice delivery. The lack of physical and visual contact was “less of 
an issue” than anticipated. Physiotherapists were also surprised 
to discover that they had developed a strong rapport with pa-
tients over the telephone, and that patient adherence to their 
exercise program was high.

Focus on communication. Physiotherapists acknowledged 
that consulting via telephone forced them to focus on effective 
conversations with their patients. This allowed them to talk at a 
more personal level with patients compared to talking to them in 
person in their usual clinical setting. Consulting via the telephone, 
with its inherent focus on communication, caused a noticeable 
shift in patients’ expectations of physiotherapy care, in that they 
did not expect to receive “hands- on” therapy and seemed more 
willing to self- manage their condition.

Positive outcomes. Some physiotherapists were sur-
prised by how effective the intervention was for their patients. 

Table 2. Characteristics of the 8 physiotherapists*

Pseudonym Sex
Work 

setting
Years of clinical 

experience 
Previous experience deliver-

ing telerehabilitation
No. of patients (no. of telephone 

consultations completed)†

Karen Female Private 
and 

public

20 Yes (via Skype) 10 (92)

Luke Male Private 4 No 9 (61)
Simon Male Private 15 No 7 (42)
Jane Female Private 7 No 10 (83)
Maria Female Public 28 No 10 (81)
Emma Female Private 

and 
public

14 No 8 (27)

Gavin Male Private 5 Yes (via Skype) 9 (74)
Ian Male Private 17 No 8 (52)

* The mean ± SD years of experience was 14 ± 8. The mean ± SD number of patients (number of telephone consultations completed) was 9
± 1 (64 ± 22). 
† At the time of the interview. 
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Table 3. Pre- intervention quotes relating to physiotherapists’ expectations about delivering exercise therapy via telephone*

Theme, subtheme

Telephone is only  
for follow- up

Check in on 
patients

Karen: “I guess it’s usual in practice that you end up having phone calls with some of your patients – often when 
things aren’t going so well or they want to call you to check with something.”

Luke: “. . . telephone care the way I see it is probably more of a follow- up call after you’ve seen someone.”
Emma: “I think a lot of follow- up stuff could be done over the phone – checking in terms of checking how people are 

complying with exercise programs and monitoring whether they’re having flare ups and things.”
Not primary 

mode of 
providing 
care

Jane: “All of my experiences in physio have been in- person–home visits in the clinic. You certainly do liaise with people 
over the phone, but not really any – I don’t think telephone- based consultations has been widely used at the moment 
as a way of treating people.”

Maria: “. . . with my work at the [hospital] I probably do call some patients . . . but it’s not sort of – it’s more about follow- up.”
Luke: “. . . you would see someone face- to- face and then you may ring them three days later and just go ‘look, how are 

you going?’. . . So I suppose from that point of view I do use it, but I don’t use it as a primary source of care.” 
Patient convenience  

and cost- savings
Convenience Karen: “I guess cost, time, no travel obviously, convenience I think is a big thing I think people find it really difficult to 

schedule appointments . . . People find it really difficult to fit in their jobs, they’ve got family responsibilities, those kinds 
of things, whereas a phone call you can basically do anywhere – I think that’s convenient, it would be a big help.”

Emma: “I think certainly for people who are working or are busy and they can’t get to a clinic, I think that’s often a limiting 
factor for some people attending the physio and this can make it more convenient and fit into what works for their 
lifestyle I think there’ll be a lot better compliance and a lot better engagement.”

Reduced cost 
for patients

Karen: “I think cost is a big issue with physio, particularly when you want to see someone over a bigger period of time 
. . . I think potentially having a reduced cost with phone- based physio presumably might be more cost- effective and 
might give an opportunity for a bigger chunk of input to get people you know at a higher functional level.”

Luke: “. . . potentially some physio clinics might go ok so we’ll offer it at a cheaper rate because well you know there’s no 
overheads there’s no equipment, there’s no administration stuff that I’m paying, I’m literally just jumping on a call and I 
can make that call potentially after hours or when it’s suitable for me as well.” 

Patient com-
fort

Jane: “I think also people are often a little bit more comfortable in their own home, so they might be more willing to participate 
with home- based exercises than some people. I know some people don’t like getting out and coming in to clinics.”

Maria: “I’m thinking that maybe the contact would be more regular, and once again at a time and place that’s more convenient 
for the patient, so they’re sort of in the mindset that this is what they’re there to do at that point in time.”

New opportunities
Advice and 

education 
Karen: “[telephone- delivered care] offers them an opportunity to ask questions, I think when people have got chronic 

diseases or knee OA, people often really want some clarity about – particularly related to exercise – but also related to 
what’s reasonable related to symptoms and I think [phone- delivered care] would give them structure”

Emma: “I think [telephone- delivered care is] possibly a big way of the future. I think a lot of what I guess current research 
into back pain at least shows that advice is one of the most powerful things you can give the patient, and obviously in 
terms of patients being busy and time poor, being able to do that over the phone at times that suit them. . . I think there’s 
a big market for it.”

Access Jane: “I think that we’d be able to access clients – or different clients, so people that have difficulty accessing the 
community, difficulty with transport, non- ambulant. I think a lot of people who struggle with appointments – we’d 
be able to reach a wider variety of the population.”

Emma: “[over the phone] you’re not limited by where people live, so if people are living more remotely you can still provide 
them with good treatment over the phone. And areas where they might not have access to physio, that’s a bit advan-
tage. And I guess people with children and people who just can’t get to the physio. It opens up a whole new market.”

Unable to see or  
touch patients

Difficult to 
assess 
patients

Karen: “I think that physios do a lot of observation, I feel like that’s a normal thing to do when you’re assessing 
someone obviously, but also looking at their treatment and their quality of movement and those sorts of things. So 
they’re the things I feel a little bit less clear about – how that fits in [to telephone- delivered care].”

Luke: “I think that [telephone- delivered care] really I suppose takes out the power of our observation skills . . .just 
trying to get an understanding of what the patient capabilities are over the phone, because obviously I can’t see 
them, so you know are we going to give them something that’s far too hard or far too easy, you probably won’t be 
able to regress or progress quickly, and then what’s the quality of that movement pattern like . . . you know all the 
things that we’ve got that we take for granted face- to- face might be a little bit of a challenge.”

Maria: “. . . in terms of just the objective assessments we’re going to have to rely on what that patient is telling us . . . 
obviously it’s not quite the same as actually eyeballing someone and, you know, possibly putting your hand on 
someone or watching what they’re doing or, you know, watching how well they move . . . I think just getting used to 
having no eye contact for me personally might be a bit of a hurdle.”

(continued)
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In particular, physiotherapists noticed improvements in patient 
pain and function and increased confidence to self- manage. 
Physiotherapists found that telephone- delivered care was 
convenient for their patients, because they did not have to 
travel to clinics in- person and could easily fit the consultations 
into their lifestyle.

Implementation considerations. Physiotherapists believed 
that, in some circumstances, it would have been helpful for 
them to see the patient’s knee or observe the patient walking 
in order to get a better understanding of his or her condition 
and to observe the exercise technique used. However, phys-
iotherapists found that they were able to work around the lack 

Theme, subtheme

Relationships 
and rapport 
will suffer

Karen: “I think also there may be issues with the relationship you build . . . I can see on the phone that you don’t know 
what someone looks like, they don’t know – they’re only working off how you express yourself verbally.”

Gavin: “. . . it’s going to be hard to develop that sort of close relationship I suppose, because when we’re so used to 
meeting people and visualizing them and seeing them and having sort of a face to a name and that sort of thing as 
well, and sort of things we’ll traditionally do as far as meeting people is concerned, and that’s a tricky bridge.”

Ian: “I think [a strong relationship] comes down to being able to see that person face- to- face, so again we’ll lose that in 
a phone call. . . [it] will feel distant, I think it will feel very removed, and maybe a bit colder to start with, because you 
can’t use other cues or body language to express yourself.”

Difficulties 
communi-
cating

Karen: “I guess you’re just relying on the patient to give you clear information, and if they don’t have very good – some 
people just aren’t very clear communicators or they don’t have very good body awareness, and I think there could be 
issues with some patients.”

Jane: “I think the disadvantage is a little bit in the assessment, where without being able to see and touch and feel as a 
physio we rely on that information we get from the client a lot more. Which in some cases might be a disadvantage if 
they’re not very good at self- reporting or not very aware at understanding questions you’re asking.”

Ian: “I think it will be different, and I think there’ll be a lot more explanation needed over the phone and clarification 
about what we’re trying to get that person to do . . . So yeah we’re going to have to rely a lot on good communication 
skills I think, on both parties.”

Limits ways 
to teach 
exercise

Karen: “I guess you can’t demonstrate, and you can’t observe the patient doing it, and you can’t touch them to ask them 
to move in a different way – all the feedback is going to have to be verbal, and they’re going to have to tell you 
whether they think they’re doing it in the way that you want them to . . . So I guess you’ve just got limited – more 
limited options, in terms of how you would go about prescribing exercise.”

Luke: “In terms of exercise delivery and getting the specific exercises I think, from my point of view, that might be a little 
bit of a challenge because of how physios are all about getting exercise quite detailed and specific to our patient, 
when that’s over the phone that might be a bit of a challenge”

Emma: “I guess with some exercises, a demonstration often helps, or taking the patient through the actual exercise and 
showing them how to do it . . . I guess describing exercises over the phone will be a skill I’ll have to learn as well.”

Improved communication 
skills needed 

Clear ques-
tioning

Karen: “I can only assume that you need to compensate for the fact that you can’t smile, nod and give them eye contact 
by being a better verbal communicator or there must be ways that you can show that you’re an active listener and 
they’ve got your attention, verbally that’s just going to have to be a stronger component of what you say.”

Jane: “Asking them lots of questions about what makes them worse, what makes them feel a bit better, can they do – get 
them to do some things while they’re on the phone with you – get up and down from the chair, get them to do some 
functional activities while they’re on the phone. . . I guess some of the things that we would normally want to do from 
an assessment side of things we just have to ask them to do it.”

Careful listen-
ing

Simon: “I think we take a lot of cues from facial expression, body position, all those sorts of things I think that’s 
certainly something that’s going to be, picking up all those sorts of things and tone of voice and those sorts of 
things may be slightly more difficult to sort of make sure you are hitting the mark.”

Gavin: “You can listen for obviously some cues, with pauses and their language and – it’s not something that I’ve had 
any training with but you tend to pick up a couple of things along the way and if they’re emotive about what they’re 
talking about it will often come up across with their tone or their rate of talk.”

Providing 
pictures or 
videos of 
exercises*

Karen: “I think with the right type of extra audiovisual pictures or other material that I can still see that it should be 
relatively straight- forward to talk someone through something.”

Luke: “. . . even maybe you know a booklet of exercise is really good but maybe even a – I’m just thinking – some kind 
of visual sort of DVD or something of actually forming the exercises through range and then actually potentially 
someone talking verbally how you do the exercise.”

Jane: “. . . that would be ideal – if they’ve already got some resources with some pictures, so they know those details, for 
example if they’ve got something at home with an exercise quads over fulcrum, then I can get them to refer to the 
diagram, the equipment that they either do or don’t have, and then just talk them through the set- up, as to how it works.”

* At the time of interviewing, physiotherapists were not aware that participants would be provided with images of each exercise as well as
access to exercise videos. 
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Table 4. Post- intervention quotes relating to physiotherapists’ experiences delivering exercise therapy via telephone

Theme, subtheme 

Exceeded expectations
Fewer issues than 

expected
Emma: “I guess I was really pleasantly surprised with how well the program worked with the patients that I 

had through. I thought there’d be more difficulty communicating just via phone and getting people to 
comply . . . it probably exceeded my expectations, to be honest.”

Ian: “Initially I thought [the lack of face- to- face contact] would be hard. I thought there’d be some more 
barriers to being able to achieve the physio service that we wanted. But I actually found it a lot easier than 
what I expected. And I think patients were also on board and willing.”

Simon: “I guess I was concerned that [exercise prescription] was going to be tricky, but it was probably really 
easy and clients seemed to be pretty comfortable with getting the exercises done. So the one challenge 
that I thought was going to be, that it really didn’t exist.”

Strong rapport Emma: “I was pleasantly surprised at how well rapport could be built just over the phone. And that you don’t 
really need that visual – I was surprised by that.”

Karen: “I don’t think you lose anything on an interpersonal relationship level which, in the past . . . that had 
been my biggest concern: you lost some connection you have with the participant. But I don’t think you’d 
lose anything – I think that you can gain someone’s trust and you can develop a good working relationship 
as a patient and therapist through the phone . . . I don’t know that it matters that they can’t see you.”

Jane: “I think the thing that surprised me the most was how much rapport you could build with people over 
the phone. I expected that to be not quite the same as the way you would build rapport with someone in 
person, but I felt like I was able to do that over the phone.”

Patient compliance Karen: “I think the compliance with the exercise routine [in this trial] I think is definitely a standout compared 
to what I would consider my usual experience . . . I think the participant being in their own home probably 
helps to reinforce to them that being at home and doing the exercises themselves is actually something 
that they do have to tackle by themselves.”

Simon: “They were a really easy and positive cohort to work with and seemed to all report really good 
changes really quickly, and certainly implemented all of the specific exercise stuff really easily into their 
lifestyle . . . probably compliance was really easy, rather than complex or difficult.”

Luke: “[Before the intervention] I would have had doubts about the impact that we could have made and if 
we could make changes and I was potentially questioning the compliance of our patients and things like 
that, but I think I have been overly surprised with it.”

New enthusiasm Maria: “I think it would be a fantastic program to roll out . . . it is a relatively easy and I would hope, cost 
effective way, of getting that information out to these people and assisting them to make significant 
changes to their lifestyle, positive changes.”

Emma: “I think that it’s something we, as physios, should be doing. It’s so easy, it makes the physio so 
accessible to so many people and you realise that a lot of the time the most important treatment from a 
physio is actually that discussion and the talking through problems and the educating. If we can, as a 
profession, get on top of that I think the chronic disease – especially knee OA and back pain and things like 
that – there is such a scope to have such a huge impact with very little cost.”

Jane: “I think it was very effective. I’d happily do that . . . I definitely think in those instances where the general 
course of treatment is exercise and advice, I think that would be perfectly effective over the phone.”

Focus on communication
More personal 

conversations 
Emma: “I was trying not to talk too much at the patient which is kind of what I do in clinics. Like, you get there 

and you have your thrall of – the lecture of ‘I’ll tell you what’s wrong with you.’ And actually holding back and 
letting them talk a lot more [over the phone] has been quite powerful as well as a good lesson for me.”

Maria: “You had the time to really investigate what was motivating them or what their main issues were. 
Whereas I guess if you were more face- to- face and doing more of a traditional role you would be more 
focussed on their range of movement and their strength . . . it is more about finding out more about them as 
a person and helping them to remain motivated to continue with the program. I think over the phone 
facilitated that to a certain degree.”

Shifts patient 
expectations

Emma: “It changes everyone’s expectations, especially for patients, when treatment is delivered over the 
phone . . . probably when I treat face- to- face I guess there’s the expectation that a physio has to treat. So 
you’ve got to get your hands on, you’ve got to touch and probably reinforce that whole disability illness 
behaviour. Whereas, on the phone . . . you’re straight into discussing [health] management and exercises 
and it just works so much better. It’s probably influenced how I’m treating in the clinic a lot more as well. 
I’m doing a lot more exercise coaching, really, as opposed to actual treatment.”

Jane: “I think it did take away from that expectation of manual therapy. I know when people come into the 
clinic and they’re coming in for a similar issue . . . because you’re in the room with them quite often there 
is an expectation of manual therapy and being on the phone it just completely takes it out of the equation. 
You don’t have to quite justify why you’re not doing the manual therapy quite as much because it’s just not 
an option.”

(continued)
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Theme, subtheme 

Positive patient  
outcomes

Improved pain and 
function

Emma: “Definitely increased functional capacity. A lot of them – nearly all of them – couldn’t walk far, couldn’t 
do stairs, couldn’t walk up hills. And the majority by the end of it, were doing that . . . functional improve-
ments probably more so than pain, but learning to function better with the pain.”

Jane: “I find with a lot of the people I saw, I feel like we had some great effectiveness. The best part is I feel 
like I was effective and that I’ve been able to help the majority of people have been dealing with . . . A lot of 
them have returned to things they haven’t been able to do for a very long time.”

Confidence Maria: “I am thinking of a couple of clients who it seems to have made a huge difference to their lives. For 
example, one client, she was in tears the first time I spoke to her and was so terrified about her knee pain 
and then by the end of it she was very much a different person, was really happy, was really positive and 
felt quite capable to continuing and working on the exercises and found great benefit from that.”

Jane: “The biggest difference is a lot of them have a lot more confidence that they went into the program 
with the attitude of, ‘I’m going to have surgery,’ and at the end, ‘I might be able to do this.’ I think that was 
the biggest difference and got that with pretty much everybody; that they do feel confident that they will 
be able to self- manage if they do the right thing.”

Convenience Gavin: “. . . obviously the flexibility for the participant and the fact that, you know, obviously they don’t have to 
be at a location at any particular time . . . And for the most participants they sort of just were in the 
comfort of their own home, and that’s certainly a perk.”

Ian: “The best things are the flexibility with appointment times, so you can access people at various times of 
the day, and I guess it becomes a little bit easier for patients who can’t get into a clinic at a certain time or 
are restricted with hours of the day.”

Implementation  
considerations

Desire to see some 
patients

Maria: “Sometimes I felt with certain clients that I would really like to have been able to see exactly what they 
were describing and perhaps see what their knee joints looked like and how they were actually walking.”

Emma: “I guess, some patients – there’s a couple that were getting aggravated by a similar exercise, and I get 
the – trying to describe over the phone what they were doing – that was probably the hardest thing. If I 
could have got eyeballs on them and said, ‘You’re doing XYZ wrong.’ That may have made it easier, but you 
can work around it.”

Erring on side of 
caution

Maria: “There was one patient in particular who was quite elderly and her knees sounded like they were 
pretty bad in terms of arthritis. I ended up erring on the side of caution very much with her and being very 
gentle in terms of what we were doing.”

Jane: “. . . for me, I do like watching people walk. I like to watch people get out of the chair. They’re the two 
things I really like being able to do. I guess I would ask people about those activities and just ask them to 
describe what’s happening – I think if I wasn’t sure I’d just play it safe with my advice.”

Luke: “. . . sometimes I would just, particularly that first week, deliberately start low level as well to really start 
on the easier bands just because I wanted to know the next week when I called them how they re-
sponded. Even if I thought they could have handled more, I just wanted to know. So I always felt we’d 
started lighter than what I should have.”

Need written material 
and resources

Jane: “The ability to do it over the phone was dependent on having those resources . . . I think the effect and 
the ability to do it on the phone is, in part, dependant on them having access to resources. I’m not sure it 
would go quite as well if you just called someone and they didn’t have anything else in front of them.”

Ian: “. . . having the information already in the patient’s hand is definitely an advantage because they’ve got 
the tools that they can just refer to at their fingertips. That works in our favour, so we don’t have to provide 
that information or put together the exercise programmes. They’ve got all the advice and the exercises 
there with them. That’s definitely an advantage.”

Safety net Gavin: “. . . obviously because they’re in the program they’ve generally been screened pretty well to being 
specific to one condition. So, I don’t know how well that would go in a different context if we were trying to 
treat different conditions.”

Karen: “There has to be some criteria or tightness around people’s diagnosis and their issues . . . If you’ve got 
a patient – they’re there to see you for knee OA and there’s some clarity around that and this studies their 
biggest functional limitation or technical issue, then they’re stable to do exercise and you’re confident they 
do exercise then I think it’s a great medium to treat people with.”

Training is necessary Maria: “I certainly think the health coaching training we had was really useful because that was all about, I 
guess, assisting patients to become self- managed themselves, basically. It is kind of what we do in physio 
but I don’t think we are really trained specifically to do that as well as it could be and that needs to be the 
emphasis with this sort of [telephone] program.”

Karen: “For most physios, [telephone- delivered care] would be a very big departure from their standard 
clinical practice face- to- face. I think there’s a huge amount of training that would need to be done . . . 
Communication skills or health coaching kind of things.”

(continued)
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of visual contact, often by “erring on the side of caution.” They 
valued the written materials that were provided to patients, in-
cluding exercise instructions, pictures, and video links, which 
helped them to prescribe exercises effectively. Physiotherapists 
acknowledged that there was a “safety net” in place with the 
trial, because each patient had been screened prior to receiving 
the telephone- delivered care. Physiotherapists expressed some 
difficulty scheduling telephone consultations during their usual 
day of face- to- face consultations, with most opting to make the 
telephone calls on days on which they were not working in the 
clinic or after hours. Physiotherapists believed that training in 
communication and/or health coaching is important to effectively 
deliver care over the telephone.

DISCUSSION

The aim of this study was to investigate whether the experi-
ence of providing telephone- delivered exercise therapy to patients 
with knee OA shifts physiotherapists’ perceptions about such 
services. We observed that although physiotherapists may ini-
tially be skeptical about new models of service delivery such as 
telephone- delivered care, firsthand experience can help shift their 
perceptions about the challenges associated with delivering these 
services, which may therefore help facilitate the future implemen-
tation of such services.

Prior to the intervention, the physiotherapists participating in 
our study expressed some concern about the lack of physical and 
visual contact with patients when consulting via telephone and 
believed that their relationship and rapport with patients would suf-
fer. These expectations of telephone- delivered care reflect those 
revealed in a recent qualitative study that aimed to explore service 
provider’s perceptions of telerehabilitation for patients referred to 
public neurosurgical and orthopedic specialist services (31). The 
15 physiotherapists who were interviewed in that study, most of 
whom had no prior experience with telerehabilitation, believed that 
telerehabilitation would have some limitations when compared to 
standard in- person care. These limitations included difficulties 
building rapport, inability to perform hands- on techniques, and 
having reduced treatment options at their disposal. These find-

ings also broadly reflect the findings from our recent survey of 
 physiotherapists’ perceptions of telephone- delivered exercise 
therapy, in which most respondents did not agree that telephone- 
delivered care by a physiotherapist would be effective, safe, or 
acceptable for managing patients with knee and/or hip OA (21).

However, we found that our physiotherapists’ perceptions 
about the challenges associated with providing telephone- 
delivered care shifted after firsthand experience. After delivering 
the intervention, physiotherapists believed that they experienced 
fewer problems than anticipated, they developed a strong rapport 
with patients, and adherence with prescribed exercise was high. 
Consequently, most physiotherapists had developed increased 
enthusiasm for telephone- delivered care. This disparity between 
expectations and experiences may be partly due to the fact 
that physiotherapists traditionally are not trained to provide care 
remotely or without physical and visual contact with their patients. 
In fact, entry- level physiotherapy training typically focuses on bio-
medical models of care (i.e., biologic aspects of injury or pain), 
with particular emphasis on assessment and treatment of phys-
ical strength, movement, and function (32). This focus is also 
apparent in the current “culture” of physiotherapy practice, which 
emphasizes “hands- on” anatomical, biomedical, and biomechan-
ical models of care (32). Inaccurate beliefs about the benefits of 
exercise for patients with knee OA may also have contributed to 
the mismatch between expectations and experience, given that 
a survey of UK- based physiotherapists showed that only 56% 
of physiotherapists largely/totally agree that knee problems are 
improved by exercise (33).

The importance of firsthand experience is highlighted by 
research investigating how clinicians change their practice. For 
example, one study involved interviews with 23 clinicians (nurses, 
allied health care professionals, and an Aboriginal health worker) 
to explore how attitudes and beliefs influence the implementation 
of lifestyle risk factor management in primary health care (34). 
Interviewees believed that to feel confident providing an inter-
vention, they needed to understand how to do so through direct 
experience with patients. In another qualitative study, 15 primary 
care physicians were interviewed in order to explore their per-
ceptions about changing their clinical practice (35). These phy-

Theme, subtheme 

Scheduling Luke: “I work quite fast- paced in private practice so if I got a little bit behind or things like that then I’d be calling 
my patients late . . . So I found it a convenient thing just being able to [do the telephone calls] from home.”

Ian: “Probably the time and the paperwork [was a challenge] . . . trying to fit the service into what we do here 
day to day, so, with getting ready for the telephone call, there’s a bit of preparation time, there’s opening 
up files, there’s getting documents ready, and then there’s the paperwork to do afterwards. So, trying to 
get that done within a normal working day in the clinic was probably a little bit of a challenge at times.”

Simon: “… probably for me as a clinician, doing a one- off call here or there probably used up a lot of time. It 
probably wasn’t as time efficient as I thought it could be… So, tricky for me going forwards in regards to 
thinking about this application of it in private practice. I think you’d almost have to be all in and have a day 
or two a week with lots of clients and lots of referral and continuity to that to make it applicable.”
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sicians believed that in order to overcome feelings of discomfort 
when introducing new practices or ceasing current practices, 
direct experience was required. They also believed that success-
ful “unlearning” of habits (e.g., prescribing exercise without visual 
or physical contact as required by our study physiotherapists) 
required repeated experience using the practice change. Our 
findings suggest that for physiotherapists to feel confident and 
comfortable delivering care via nontraditional methods, expo-
sure or direct firsthand experience is required.

Another previous study qualitatively explored physiother-
apists’ perceptions about delivering care via telephone. Sixteen 
physiotherapists who delivered care via the UK PhysioDirect tele-
phone service, which provides initial assessment and advice for 
patients with varied musculoskeletal problems, were interviewed 
before and after experience (36). Prior to the experience, the main 
concerns expressed by physiotherapists included being limited 
to providing only generalized treatment, given their inability to 
observe patients, and being unable to communicate effectively 
or develop rapport via telephone. After experience, physiother-
apists found that they were indeed able to provide only general-
ized advice, that telephone calls restricted their normal therapeutic 
relationship and rapport, that telephone- delivered care impaired 
continuity of care (because patients in the PhysioDirect service are 
unlikely to speak to the same physiotherapist more than once), 
and that it disengaged patients (because few tried to re- contact 
the service). However, they felt that PhysioDirect was a useful way 
in which to provide patients with advice about self- management. 
Somewhat similarly, before experience our physiotherapists also 
expressed concerns about the lack of physical and visual con-
tact with patients when consulting via telephone and felt unsure 
about how this might impact rapport. However, our physiothera-
pists’ perceptions changed after experience and contrasted with 
those of the PhysioDirect therapists. This might be because the 
 PhysioDirect service is designed to provide initial advice for a broad 
range of patients, including those presenting with acute condi-
tions and those seeking a diagnosis. Our intervention was tailored 
for a specific group of patients who did not require diagnosis and 
involved numerous consultations with the same physiotherapist 
over an extended period of time, during which the aim was to 
develop a long- term self- management program involving exercise 
and physical activity. In addition, our physiotherapists were inten-
sively trained in behavior change techniques and person- centered 
practice prior to starting the trial (25), which likely helped them 
provide more personalized and supportive care.

Our physiotherapists identified numerous advantages of 
telephone- delivered care. For example, they believed that it was 
convenient for patients, helped improve exercise adherence, and 
led to improvements in confidence, pain, and function. This reflects 
the findings of our qualitative study exploring the experiences of 
the patients in the trial who received care via telephone (n = 20) 
(37). Importantly, and somewhat paradoxically, both physiother-
apists and patients found that they were able to talk at a more 

personal level via telephone compared with an in- person consul-
tation, and that they developed a strong sense of rapport. These 
findings challenge misconceptions that Telehealth is “impersonal” 
(38) and suggest that personalized care can be provided remotely 
via telephone and that a strong rapport can develop between 
patients and therapists even without physical or visual contact. In 
fact, there is evidence that the therapeutic alliance is strengthened 
when patients and therapists talk in more detail about the patient’s 
specific needs (39).

Our findings have clinical implications. Physiotherapists 
believed that the “hands- off” nature of telephone consultations 
helped shift patient expectations of care, leading to better patient 
engagement in self- management and improved adherence to 
prescribed exercise. There is evidence that patients with low 
back pain expect to receive hands- on treatment procedures and 
physical examinations from physiotherapists (40,41) and are more 
satisfied when they receive hands- on therapy (42–44). Physiother-
apists often feel as though they have to provide hands- on therapy 
in order to meet patient expectations (32). Our findings suggest 
that remotely delivered consultations can help shift patient expec-
tations away from being a passive recipient of hands- on therapies 
to being a more active participant in self- management of their con-
dition. It is thus possible that remotely delivered consultations may 
also be applicable to other chronic conditions in which hands- on 
therapies are less effective and active self- management involving 
exercise is recommended (e.g., chronic low back pain).

Our findings also have implications for the design of future 
telerehabilitation services. Physiotherapists, as well as the 
patients in our other qualitative study (37), expressed a prefer-
ence for some visual contact during telephone consultations. 
This suggests that video conferencing for consultations may be 
the ideal mechanism for implementing remote models of ser-
vice delivery. In that study, both physiotherapists and patients 
emphasized that comprehensive written resources, including 
educational material and exercise instructions/photographs, 
were essential to the effectiveness of the intervention. As such, 
future service providers should ensure that these elements are 
incorporated into service models.

Our physiotherapists found that it was difficult to prepare for 
and schedule telephone consultations during the days when they 
were seeing patients in the clinical setting, preferring to do the 
telephone consultations after hours or on days when they were 
not working in their clinics. Future service providers may con-
sider scheduling “blocks” of telephone consultations rather than 
interspersing them among in- person consultations; however, this 
approach may adversely impact patient convenience. Careful 
screening of patients is also required prior to booking telephone 
consultations to ensure the patients’ safety and that their health 
condition is amenable to a self- management approach. Similarly, 
telephone services should not replace in- person consultations 
with a physiotherapist for patients who require a diagnosis of their 
health condition.
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It is important that future telerehabilitation service providers 
consider training their clinicians in communication skills prior to 
delivering care via telephone (45). The physiotherapists in our 
study believed that training in communication skills or health 
coaching was necessary. Currently, there is no evidence to inform 
appropriate training for improving clinicians’ telephone consul-
tation skills (46). Our physiotherapists completed an intensive 
training program in person- centered care and behavior change 
techniques prior to the trial, which included 2 initial training days, 
a 3- month practice phase, and a final follow- up training day. After 
training, all of the physiotherapists felt confident and prepared 
to begin the trial and believed that they were better able to pro-
vide care that was person- centered (25). Physiotherapists who 
provide care via the UK telephone service PhysioDirect are also 
required to complete training to enhance listening and interview-
ing skills (47), involving 1½ days of workshop, a practice period, 
and a competency check involving observation of telephone con-
sultations.

The strengths of our study include the use of pre- intervention 
and post- intervention interviews to gain a better understanding 
of how physiotherapists’ perceptions of telephone- delivered exer-
cise therapy shifted after they experienced delivery of care via 
this nontraditional method, and our evaluation of a robust, clearly 
described intervention (23) that can be replicated outside of the 
research setting. Our study also has a number of limitations. It 
was nested within an RCT, which constrained our sample to the 
physiotherapists who participated in the trial. Our physiotherapists 
volunteered to participate in the trial, and their perceptions and 
experiences may not be transferable to the broader population of 
physiotherapists. Only one researcher (BJL) coded all transcripts, 
and therefore data analysis may have been influenced by her own 
attitudes or perspectives.

In conclusion, we found that although physiotherapists were 
initially skeptical about the effectiveness of telephone- delivered 
service models for patients with knee OA, perceptions shifted once 
they experienced delivering care via this nontraditional method. 
Our findings suggest that firsthand experience may be necessary 
for physiotherapists to embrace new models of service delivery.
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A Prediction Model for the 40- Year Risk of Knee 
Osteoarthritis in Adolescent Men
Karin Magnusson,1  Aleksandra Turkiewicz,2 Simon Timpka,3 and Martin Englund4

Objective. To simplify the previously published Nottingham 12- year risk prediction model for knee osteoarthritis 
(OA) and examine whether it can be used to predict the 40- year risk of knee OA in young men.

Methods. Our cohort included 40,118 men who were 18 years of age and had undergone military conscription 
in Sweden from 1969 to 1970. Diagnostic OA codes were obtained from the Swedish National Patient Register for 
persons registered from 1987 to 2010. The original Nottingham model included as predictors age, sex, body mass 
index (BMI), knee injury, occupational risk, and family history of OA, with a receiver operating characteristic area 
under the curve (AUC) of 0.70 (95% confidence interval [95% CI] 0.61–0.79) in the model development sample, and 
AUC 0.60 (95% CI 0.58–0.63) in an external validation sample. In our sample, we used predictors that were available 
only in adolescence (age, BMI, and knee injury) and evaluated the discrimination of the simplified model using AUC.

Results. The AUC statistic of the modified knee OA model to predict 40- year risk was 0.60 (95% CI 0.59–0.61). 
Hence, using the reduced model, an 18- year- old man with a BMI of 30 and a knee injury would have 3 times the risk 
of developing knee OA within 40 years when compared to a man of similar age having a BMI of 25 and no knee injury 
(predicted risks 22% and 7%, respectively).

Conclusion. The 40- year risk of knee OA on individual and population levels can be predicted in 18- year- olds from 
a few easily measured covariates with moderate discrimination. The discrimination of this simplified model based on 
data available in adolescents was comparable to that of the full Nottingham model in middle- aged individuals.

INTRODUCTION

Prediction modeling in knee osteoarthritis (OA) allows for the 
calculation of total individual and population lifetime risk of incident 
disease in order to encourage risk reduction and the prevention 
of OA. Attempts at diagnostic prediction in knee OA have so far 
mainly considered the elderly, using radiographic knee OA as the 
outcome. A prediction study among 2,628 individuals ages >55 
years reported that minor radiographic changes at baseline gave 
the best prediction of radiographic OA at follow- up (1). The main 
focus of other prediction studies in OA was on the predictive ability 
of genetic factors only (2,3) or they considered knee pain with no 
structural OA changes (4). These studies neither included younger 

participants nor candidate predictors that could be self- reported 
and, thus, easily obtained at a young age.

To our knowledge, the Nottingham 12- year risk prediction 
model (5) is the only study that has predicted knee OA using 
easily obtainable candidate predictors. The study sample in 
which it was developed comprised middle- aged persons and 
the model included age, female sex, body mass index (BMI), 
physically demanding work, family history of OA, and knee injury 
as predictors. The discriminative ability was fair in the original 
sample, with a receiver operating characteristic (ROC) area 
under the curve (AUC) of 0.70 (95% confidence interval [95% CI] 
0.61–0.79), and moderate when externally validated (AUC 0.60 
[95% CI 0.58–0.63]). The lower AUC in the external validation 
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of the Nottingham model might be an indicator of overfitting, 
which suggests that a model with fewer predictors might per-
form equally well. Additionally, the Nottingham model is the basis 
for an online knee OA risk prediction tool for adults ages ≥25 (6). 
This tool is not available for younger persons.

The extent to which a simple model including variables avail-
able in adolescents can predict the long- term risk of knee OA is 
currently unknown. Therefore, we aimed to study the discriminatory 
power of an existing prediction model in a cohort of young men who 
were all 18 years of age, using only variables that were available 
at baseline. In doing so, we modified the 12- year Nottingham risk 
prediction model (5) and investigated the extent to which it could 
also be used to predict the 40- year risk of knee OA in  adolescents.

MATERIALS AND METHODS

We used data of 41,886 men who were 18 years of age and 
had undergone mandatory conscription in Sweden between Sep-
tember 1969 and May 1970. At the time, the main reason for 
not undergoing the conscription examination was severe disabil-
ity. The examination was performed at 6 centers nationwide and 
included standardized physical and mental health examinations 
and performance tests. Height and weight were measured, and 
BMI was calculated as weight (kg)/height (m2). We reviewed data 
on knee injury as registered at the examination with International 
Classification of Diseases, Eighth Revision [ICD- 8] codes and 

included codes 836 (dislocation of knee), 924 (knee contusion), 
820 (fracture of patella), and 724 (internal derangement of knee).

These baseline data were linked to medical diagnoses on knee 
OA of persons registered between 1987 and 2010 in the Swedish 
National Patient Register (NPR). The NPR contains information about 
every hospitalization (from 1987 to 2010), 1- day surgery (from 1997 
to 2010) and specialist outpatient care visits (from 2001 to 2010).

Incident knee OA was defined as the first record of an OA 
diagnosis in inpatient or specialist care between the year 1987 
(typical age 35 years) and 2010 (typical age 59 years), includ-
ing ICD- 10 code M17 gonarthrosis (arthrosis of knee) and corre-
sponding ICD- 9 codes (if diagnosed before 1997). We included 
only men who were alive and were residents of Sweden at age 35 
years (i.e., by January 1, 1987, which corresponds with the start 
of the registration of diagnostic codes in the NPR). The study was 
approved by the regional ethical review board in Lund, Sweden.

The Nottingham models were developed to predict Kellgren/ 
Lawrence grade 2 or more and knee pain at 12 years follow- up in 
persons with mean ± SD age 56.8 ± 7.9 at baseline (4). The orig-
inal model included the following predictors and regression coeffi-
cients (5), with the logit of the probability of knee OA as outcome 
[logit(p) = log (p/1- p)]:

It can be assumed that occupational risk and family his-
tory of OA are less readily available data in 18-year-olds than 
current height, weight, and presence of knee injury. Hence, in 
our sample, we simplified the model to include only variables 
that were available at baseline, i.e., assuming the deletion of sex, 
occupational risk, and family history of OA had no impact on the 
magnitude of effect of BMI and knee injury as predictors. The 
regression coefficients of age, knee injury, and BMI were thus 
constrained to 0.06, 0.87, and 0.09, respectively. To take into 
account the difference in case mixing between our study sample 

Logit(knee OA)=−7.7+0.06∗age+0.03∗female

+0.25∗occupational risk+0.87∗knee injury

+0.09∗BMI+0.54∗family history of OA

SIGNIFICANCE & INNOVATIONS
• The long-term risk of knee OA is predictable in 

18-year-old men using a modified version of the 
Nottingham model.

• The modified Nottingham model includes only the 
predictors age, BMI, and previous knee injury.

• Risk prediction of knee OA may become a readily 
available and useful tool for risk reduction at indi-
vidual and population levels.

Table 1. Participants’ characteristics and case- mix with the study population in which the prediction model was developed*

Characteristics

Swedish Conscription  
Registry, 

no knee OA 
(n = 38,066)

Swedish Conscription  
Registry, 
knee OA 

(n = 2,052)

Nottingham sample, 
knee OA and 
no knee OA 

(n = 424)

Age, mean ± SD 18 ± 0.3 18 ± 0.3 56.8 ± 7.9
Men 38,066 (100) 2,052 (100) 153 (36)
Knee injury† 208 (0.6) 39 (2.0) 51 (12.0)
BMI (kg/m2), mean ± SD ‡ 20.9 ± 2.6 21.7 ± 2.7 25.5 ± 3.5
Overweight (≥25–29.9 kg/m2) 2,178 (5.7) 177 (8.6) –
Obese (≥30 kg/m2) 296 (0.8) 30 (1.5) –

* Values are the no. (%) unless indicated otherwise. OA = osteoarthritis; BMI = body mass index. 
† For the Swedish Conscription Registry, diagnostic code at time of conscription examination. 
‡ Calculated from measured height and weight at conscription examination; measurements performed in the Notting-
ham model sample are described by Zhang et al (5). 
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and the sample used to develop the Nottingham model, we did 
not constrain the model intercept. Hence, we updated the model 
intercept to reflect the baseline risk of incident OA in our sample:

Using this modified model, we studied calibration plots 
showing the agreement between observed and predicted val-
ues by sample deciles, where perfect predictions align along the 
45° line (7). We also examined the discriminative ability (i.e., the 
model’s ability to discriminate between men affected and those 
not affected by knee OA) using the C statistic by Harrell et  al 
(AUC) (7). Finally, we assessed whether a model with recalculated 
regression coefficients, which fitted our sample better, showed 
improved discrimination (bias- corrected using bootstrapping). 
All analyses were performed in Stata MP software, version 14.

RESULTS

Of the 41,886 eligible recruits, we excluded 677 and 779 
men due to death and emigration before 1987. After further 
exclusion of 312 men (0.07%) with missing data on predictors, 
we included in total 40,118 participants. Participants’ character-

istics are shown in Table 1.
The first cases with knee OA were diagnosed in 1987, i.e., when 

participants were 35 years of age. In total, 2,052 men (5.1%) were 
diagnosed with knee OA before 2010 (when 59 years of age). The 
calibration of the modified Nottingham risk model when it is applied 
to our sample to predict the 40- year risk is shown in Figure 1.

The ROC statistic of the modified knee OA model was AUC 
0.60 (95% CI 0.59–0.61), indicating that the model performed mod-
erately (Figure 2). The AUC was similar with recalculated regression 
coefficients (AUC 0.60 [95% CI 0.59–0.61]), beta coefficients 0.04, 
0.11, and 1.28 for age, BMI, and knee injury, respectively, with con-
stant –5.92. The sensitivity and specificity (calculated with a cutoff 
of population prevalence 0.0511) was 50.4% and 62.5%, respec-
tively. The proportion correctly classified was 61.9%. Our findings 
imply that an 18- year- old man with a BMI of 30 and a knee injury 
would have 3 times the risk of having knee OA within 40 years as 
compared to a similarly aged recruit with a BMI of 25 and no knee 
injury (predicted risks 22% and 7%, respectively).

DISCUSSION

In the current study of more than 40,000 men who had 
undergone conscription, we externally validated a simple pre-
diction model for incident knee OA by middle age that included 
only 3 predictors: age, knee injury, and BMI. The externally val-
idated model that was originally developed for the prediction of 
12- year risk suggested similar discrimination in our sample as in 
its original sample (5). However, the discrimination was of moder-
ate strength in both samples because it was closer to 0.5 than 1 
(AUC 0.60–0.70). Moderate discrimination has also been found in 
other prediction studies of knee OA with shorter follow- up (1,2). 
In a prediction model that included age, gender, BMI, question-
naire variables, genetic scores, and a biochemical marker urinary 
C- terminal cross- linked telopeptide of type II collagen, the AUC 
was similar to that in our findings as well as to the Nottingham risk 
models (AUC 0.60–0.70) (1,4).

Logit(knee OA)=−5.92+0.06∗age

+0.87∗knee injury+0.09∗BMI

Figure  1. Calibration plots for the prediction model for knee 
osteoarthritis (OA). Circles represent the observed versus predicted 
knee OA; horizontal lines and error bars show the median and 
interquartile range. The broken line (45◦) represents perfect 
predictions. The solid line is a smoothed calibration line (locally 
weighted scatterplot smoothing), fitted to the scatterplot. In a perfect 
model, this line would overlie the broken line. In a poor model, this 
line would be parallel to the x- axis.

Figure 2. Discrimination curve showing the area under the curve 
for the prediction model for knee osteoarthritis.
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To our knowledge, the present study is the first to predict 
the long- term risk (i.e., the lifetime risk over 40 years) using only 3 
easily obtainable predictors with similar discrimination as the pre-
vious knee OA prediction models. The predicted risks will likely 
increase over the life course as information on more predictors 
becomes available. For example, there may be no incidence of 
OA in one’s closest family members when the offspring is 18 years 
old because of the still relatively young age of the mother and 
father. Similarly, at age 18, there has not been much occupational 
load that may influence the risk of knee OA. In contrast, etiological 
studies have demonstrated that the effects of BMI and knee injury 
on the risk of later knee OA have been reported to be rather con-
stant from puberty (8,9). The difference in presence of predictors 
may explain the differences in predicted risks using the original 
Nottingham model and the modified model. Indeed, in the original 
Nottingham model, the predicted risk for a 50- year- old man hav-
ing all the predictors and a BMI of 30 was 30% higher than for a 
similarly aged man with a BMI of 25 having no other predictors. In 
comparison to our modified model, the similar difference in pre-
dicted risks for an 18- year- old man using our modified model was 
15%. The age from which the original prediction model is useful, 
and, for instance, the degree to which OA in close relatives can 
predict future knee OA need further investigation.

The simplicity of the model in the present study may 
increase its utilization in the prevention of knee OA. We had 
a different study population and a more clinically relevant out-
come than used in the development study. Thus, the current 
validation study contributes to an improved understanding 
of the transportability of the Nottingham model (i.e., to what 
extent the model performs well in a different situation). Because 
the model was developed in a different sample, and has also 
been externally validated in other samples, there is growing evi-
dence for this model to be actively used for risk reduction and 
OA prevention at the individual and population levels (5,6). For 
example, our modified model may be of relevance to general 
practitioners and physiotherapists who meet young men with 
knee injuries in their clinics. According to our findings, such 
patients may be encouraged to reduce their BMI to reduce their 
long- term risk of knee OA, and therefore, increase the longevity 
of their knees for further lifetime active sports participation. Fur-
ther, our findings highlight the relevance of knee injury preven-
tion programs in sports to reduce the risk of lifetime knee OA 
in young men. The extent to which our findings are applicable 
to young women is currently unknown and should be topic for 
further study.

A strength of the present study was the homogenous 
study population which ensured that age and sex could not 
mask potentially important influences of other variables. We 
also had a long follow- up time of 40 years, covering the total 
lifespan from adolescence and early adulthood to late middle 
age (18–58 years). Since conscription was mandatory at the 
time of study inclusion, we evaluated virtually the entire male 

population living in Sweden with limited selection bias. Other 
strengths were the inclusion of a large range of OA risk factors 
and the use of diagnostic codes to indicate OA, ensuring clin-
ical symptoms were a part of the diagnosis.

Importantly, our study also had limitations. First, we could 
only include OA diagnosed within inpatient or outpatient special-
ist care and we might have studied only the more severe cases 
of OA. Indeed, the population prevalence was somewhat higher 
in a Swedish study, which also included primary care, than in 
the current study (9.2% versus 5.1%) (10). A prediction model 
for OA developed for diagnostic codes set in primary care might 
have looked different from the model found in the current study. 
Additionally, we cannot exclude that the organization of the 
Swedish health care system may have influenced our findings. 
Thus, it is unclear how the model would perform in other coun-
tries with other health care systems. Another limitation is that 
data were only available for men. Consequently, we could not 
study whether the model had similar discrimination in women.

In conclusion, we have simplified and externally validated 
a risk prediction model to be used for the prediction of knee 
OA with moderate discrimination in young men. Further studies 
are required in order to find a predictive model that effectively 
discriminates between persons with and without high risk of 
knee OA. Yet, so far, the Nottingham risk prediction model has 
been externally validated in at least 3 different samples includ-
ing our study. Risk prediction tools may become increasingly 
important for encouraging risk reduction at the individual and 
population levels.
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Ultrasonography for the Assessment of Skin in Systemic 
Sclerosis: A Systematic Review
Tânia Santiago,1  Mariana Santiago,1 Barbara Ruaro,2 Maria João Salvador,1 Maurizio Cutolo,2 and 
J. A. P. da Silva1

Objective. To identify and synthesize the best available evidence on the use of ultrasound to assess skin involve-
ment in systemic sclerosis (SSc).

Methods. We conducted a systemic review of the literature on PubMed Medline and Embase, using the vocabu-
lary terms (“systemic sclerosis OR scleroderma”) AND (“ultrasonography” OR “elasticity imaging techniques”) AND 
(“skin” OR “dermis”). Two independent reviewers selected articles, collected data from studies, and carried out a 
manual search of the references from the studies included. This search was further enhanced by a review of biblio-
graphic references extrapolated from these studies. The quality of the evidence was assessed by the Effective Public 
Health Practice Project system.

Results. A total of 30 studies were identified, enrolling 1,171 SSc patients, predominantly middle- aged (mean age 
55.5 years) females (88.8%). The ultrasound skin measurements that were reported included thickness in 28 studies 
and/or echogenicity (7 studies), and/or stiffness (6 studies), and/or vascularity (1 study). The main comparator was 
the global and site- specific modified Rodnan skin thickness score. Reported interrater and intrarater reproducibility 
appeared to be excellent, but this reproducibility was assessed by a small number of studies. Moreover, there were 
no published evaluations of construct or criterion validity of skin ultrasound assessment. The responsiveness to 
change of ultrasound elastography has not been assessed.

Conclusion. Published reports have strong limitations and are highly heterogeneous, hindering the evidence to 
support the use of skin ultrasound assessment in clinical practice. Further studies, with modern devices and appro-
priate methodology, are needed to establish the real value of skin ultrasound assessment in the early diagnosis and 
monitoring of SSc patients.

INTRODUCTION

Skin involvement is of major clinical and prognostic relevance 
in systemic sclerosis (SSc) and is often the primary outcome in 
clinical trials (1,2). Skin thickness is usually measured by the mod-
ified Rodnan skin thickness score (MRSS), a palpation- based 
semiquantitative score (3). However, MRSS has some limitations, 
such as requiring specific examiner skills and having a high inter-
observer variability (3). Moreover, MRSS may not be sensitive 
enough to detect small, but relevant, changes in skin thickness 
over time (3,4). Therefore, an unmet need exists for an objective 
and sensitive method for skin assessment in clinical practice and 
research. This assessment is especially required to support the 
development of new therapies.

Interest has been stimulated by skin high- frequency ultra-
sound and ultrasound elastography. Indeed, several studies 
suggest that high- frequency ultrasound provides a quantitative 
and reliable evaluation of dermal thickness (5,6). Recently, ultra-
sound elastography, i.e., shear- wave elastography, has become 
the focus of increasing research and may well be an innovative 
method for the quantitative assessment of skin involvement in 
SSc patients (7,8).

The aim of this systematic literature review was to iden-
tify and synthesize the best available evidence on the use of 
ultrasound to assess skin involvement in SSc. This review fol-
lows the OMERACT (Outcome Measures in Rheumatology) 
filter of validity, reproducibility, responsiveness to change, and 
 feasibility (9).
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MATERIALS AND METHODS

Literature search. A systematic literature review pro-
tocol was uploaded to the PROSPERO database (registration 
number CRD42017077048). A Population, Intervention, Com-
parator, Outcomes–structured search was made to identify rel-
evant studies in the PubMed Medline and Embase databases. 
The search considered the factors Population: SSc population; 
Intervention/test: ultrasound and/or ultrasound elastography; 
Comparator/control: any comparator (such as the Rodnan skin 
score [RSS], MRSS, or biopsy) or none; Outcome: correlations 
between skin ultrasound measurements (such as thickness, 
echogenicity, stiffness, and vascularity) and other parameters 
(such as RSS, MRSS, the Health Assessment Questionnaire 
[HAQ], nailfold capillaroscopy, and others); and Design: obser-
vational studies (including cohort and case–control studies) and 
randomized trials.

The search was performed using free terms and medical 
descriptors (e.g., medical subject headings [MeSH] terms). The 
terms used were “scleroderma, systemic,” scleroderma, ultra-
sonography, “elasticity imaging techniques,” skin, and dermis. 
The complete electronic string used for PubMed is shown 
in Supplementary Table 1, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23597/abstract.

Selection criteria and search strategy. A study was 
eligible if it included ≥1 defined group of patients with SSc and 
reported a structured evaluation of the skin with ultrasound 
and/or ultrasound elastography. Published articles up to and 
including July 2017, written in English, Spanish, French,  Italian, 
or Portuguese were searched. The last search was done on 
September 6, 2017, with monthly automatic email updates, 
until January 15, 2018, and a manual search for recent publi-
cations without attribution of MeSH terms was added on this 
final date.

Any studies that were already known to the authors of this 
review (based on previous work or familiarity with the research 

area) were also included. Publications reporting no original data 
and/or those without a clear description of the research methods 
were excluded. No search was made on conference abstracts or 
unpublished studies. Duplicates were removed and the selected 
references were imported into Microsoft Excel.

Study selection. The selection of the studies to be included 
was made by 2 independent rheumatologists (TS and MS), who 
assessed the electronic search results by title and abstract. Only 
relevant abstracts were deemed eligible. In case of doubt, the 
full text of the article was retrieved and discussed. Only 2 cases 
required arbitration by a third author (MJS). Exclusion criteria were 
recorded after the full text screening. The interrater agreement 
between TS and MS for selection based on abstract and full text, 
measured by Cohen’s kappa coefficient, was 0.98.

Data collection and extraction. Two reviewers (TS 
and MS) independently extracted the data into a Microsoft 
Excel spreadsheet. There was arbitration by a third author 
(MJS) whenever there was persistent disagreement. The fol-
lowing data were collected: publication data (title of the article, 
first author, publication date, country), methods (study design, 
inclusion and exclusion criteria, follow- up, intervention), 
patient characteristics (age, sex, SSc subsets, disease dura-
tion), ultrasound measures (thickness, echogenicity, stiffness, 
vascularity, skin sites imaged), comparator (biopsy, MRSS, 
others), technical aspects (probe, MHz, ultrasound device, 
sonographer experience), intrarater and interrater variability, 
contextual factors (time of day, room temperature), and feasi-
bility (cost, time taken). During the data collection and extrac-
tion, the author of 1 study (10) was contacted for additional 
information.

Grading the quality of evidence of the studies 
included. The Effective Public Health Practice Project method 
was used to rate the quality of the evidence in the reviewed stud-
ies (see Supplementary Table 2, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23597/abstract) (11). Each study was assigned a score cat-
egory of strong, moderate, or weak.

RESULTS

Study selection and characteristics. The selection of 
articles is shown in Figure 1. A total of 196 articles were iden-
tified from 2 databases, and 30 articles were included in this 
systematic review. The selected articles included 21 observa-
tional cross- sectional studies investigating the relationship of 
≥1 skin ultrasound measurement with diverse disease param-
eters and 9 longitudinal studies (see Supplementary Tables 3 
and 4, available on the Arthritis Care & Research web site at  
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract). 

SIGNIFICANCE & INNOVATIONS
• Ultrasound has the potential to become a reliable 

tool to assess skin involvement in systemic sclero-
sis (SSc).

• This systematic literature review highlights remark-
able heterogeneity in several aspects of ultrasound 
skin examination in SSc that hinders evidence sup-
porting its use in clinical practice.

• Skin ultrasound examination still lacks criterion 
validity, and further studies correlating skin biopsy 
findings with ultrasound skin measurements are 
required.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
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Five of these studies evaluated ultrasound skin responsiveness 
to spontaneous change over time (5,12–15) and 4 evaluated 
specific interventions: urokinase (16), photochemotherapy (17), 
bosentan (18), and extracorporeal shockwave therapy (19). 
All studies were single- center based. Of the 30 total studies, 
9 (30%) were performed in Italy and 7 (approximately 23%) in 
Sweden.

The studies included a total of 1,171 patients with SSc, vary-
ing between 8 and 106 patients per study. Females represented 
88.8% of the total sample (range 47.0% to 100.0% in different 
reports). A total of 59% of the patients had the limited form of 
SSc. The mean age was 55.5 years (range 15.0–83.0 years) and 
the mean time lapse since SSc diagnosis varied from 0.9 to 17.5 
years. Case definition of SSc was based on 3 different sets of 
criteria (see Supplementary Table 5, available on the Arthritis Care 
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23597/abstract). Few studies reported the details of ongoing 
therapy (5,12,14,20).

Ultrasound protocol. Overall, the technical aspects of 
the ultrasound machine, probe, and frequency were well 
described (Table  1), and 19 studies (63%) performed skin 
ultrasound assessment with a probe of at least 18 MHz. Only 
3 studies described the level of the sonographer’s experi-
ence as an “experienced sonographer” (21), or an “experi-
enced ultrasound physician, who was engaged in superficial 
organ examination for more than 18 years” (22), or as “expe-
rienced in ultrasound” (10). Only 7 studies described that the 
sonographers were blinded to clinical data and local MRSS 

(6–8,15,22–24).
Ultrasound measurements. The ultrasound skin measure-

ments reported in the 30 studies included were thickness in 16 
(6, 10, 14, 16, 18, 20, 23, 25–33), thickness and echogenicity in 
7 (5,12,13,15,17,34,35), thickness and stiffness in 3 (8,21,36), 

stiffness in 2 (7,24), thickness, echogenicity, and stiffness in 1 
(22), and thickness and vascularity in 1 (19).

Although a total of 28 studies reported on ultrasound skin 
thickness (Table 1), there was a high heterogeneity in definition 
of this parameter. In 2003, Moore et  al (30), emphasized that 
ultrasound skin thickness should be focused on the dermis, due 
to the lack of precision of epidermal measurements, as reflected 
by a low reproducibility across skin sites. The articles included in 
our study showed that ultrasound skin thickness was greater in 
SSc patients than in control subjects, in almost all Rodnan skin 
sites (6,12,14,22,27,30,32,34).

Moreover, patients with diffuse cutaneous SSc also had 
thicker skin on the hands, forearms, legs, and chest than did 
patients with the limited cutaneous form, whereas the differ-
ences in the finger sites did not reach significance (13). One 
important aspect relates to the subclinical dermal involvement 
in SSc, i.e., ultrasound evaluation of clinically uninvolved skin. 
Interestingly, in a recent study, Sulli et al (6) reported that ultra-
sound was able to detect increased dermal thickness in skin 
areas with an  MRSS score of 0, in patients classified as having 
limited cutaneous SSc.

Although the ultrasound skin thickness values are gener-
ally reported in millimeters, the methods adopted to establish 
the measurement were highly heterogeneous between dif-
ferent studies: some used the average of 3 ultrasound mea-
surements, others the average of 2 ultrasound measurements 
(19), while other groups adopted the median of 3 ultrasound 
measurements (34), or the average of 3 ultrasound measure-
ments by 3 readers (29).

Eight studies contained data on skin echogenicity (Table 1). 
Hesselstrand et al (13) reported an inverse relationship between 
skin echogenicity and thickness in patients with SSc with a 
duration <2 years, supposedly reflecting the edematous phase 

Figure 1. Search strategy and exclusion process for studies on skin ultrasound assessment in patients with systemic sclerosis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
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of the disease (6). This relationship disappeared when the dis-
ease evolved into the indurative phase, which was reflected by a 
decrease in skin thickness and an increase in skin echogenicity, 
as observed in serial measurements (see Supplementary Table 
4, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract) (5,15).

Six studies described skin stiffness: 3 were based on com-
pression elastography (7,21,36) and the other 3 on shear- wave 
elastography, by acoustic radiation force impulse imaging (Table 1) 
(8,22,24). The degree of tissue elasticity was graded using a quali-
tative color scale in compression elastography. Shear- wave veloc-
ity values were significantly higher in SSc patients than in controls 
in almost all the MRSS sites. Interestingly, clinically unaffected skin 
of patients with SSc could also be differentiated from healthy skin 
(8,24). Only 1 study assessed vascularity through color Dopp-
ler analysis, reporting a significant improvement in skin vascu-
larization 90 days after treatment (extra- corporeal shock waves) 
(Table 1 and Supplementary Table 4, available on the Arthritis Care 
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23597/abstract) (19).

Skin sites examined. There was a substantial discordance 
in the number and definition of skin sites examined among the 
reports included in our study. The finger (proximal and/or middle 
phalanx) was the most frequently scanned site (20 of 29 studies). 
Three studies (8,22,30) examined the same 17 MRSS sites. Four 
studies examined a similar set of 5 skin sites (5,13,15,33). Overall, 
the sites examined were in line with the Rodnan skin sites, or at 
least in the same body area, although there was high heteroge-
neity in the exact definition and landmarks for each site scanned. 
Moreover, ultrasound measurements were reported for 1 body 
side, usually the right or the dominant side (5,13,15,21,33), or as 
the average of left and right sides (10,23), or separately for right 
and left sides (6,14,24,30).

Validity/comparator. One of the studies included (28) 
was merely descriptive, i.e., it did not contrast skin ultrasound 
measurements with other parameters. Most of the studies, i.e., 
21 of 30, established criterion validity for skin ultrasound assess-
ment by assuming RSS/MRSS as the gold standard, with MRSS 
(19 studies) or RSS (12,14). Other studies considered the relation-
ship between ultrasonography measurements and the following 
parameters: serum cartilage oligomeric matrix protein (COMP) 
(5,13), the HAQ (32), hand mobility (Hand Mobility in Scleroderma 
[HAMIS] scale) (5,10), Raynaud’s Condition Score (21), and nail-
fold videocapillaroscopy (6,23), among others. Only 3 articles 
considered the skin clinical phases, i.e., edematous, fibrotic, and 
atrophic (10,13,32).

Only 1 study assessed the correspondence between the 
ultrasound data and histologic parameters (24). Ihn et  al (27) 
reported that increased ultrasound thickness observed in clini-
cally uninvolved skin in SSc patients did not correspond to iden-
tifiable histologic changes. However, unfortunately, that article 

failed to detail this conclusion. Hesselstrand et al (12) compared 
the change in ultrasound parameters during 1–3 years with the 
production of proteoglycans by skin fibroblasts collected at 
baseline and cultured ex vivo. During this period, ultrasound skin 
thickness values increased while ultrasound skin echogenicity 
values decreased. Cultured fibroblasts from patients with greater 
changes in thickness and echogenicity produced more versican, 
whereas the production of biglycan and decorin was higher only in 
patients with greater decreases in skin echogenicity.

The correlation between ultrasound skin thickness and 
MRSS, measured at the same site, was evaluated in an interest-
ing group of studies (13,29,33,35), using a similar set of 5 skin 
sites. All the studies reported a mild- to- moderate positive correla-
tion between these parameters in all 5 sites studied (r = 0.37 [P < 
0.001] to 0.72 [P < 0.001]). Although Sousa- Neves et al (10) did 
report a significant positive correlation between these parameters 
in the fingers (r = 0.698 [P < 0.001] and rs = 0.645 [P < 0.001], 
for right and left sides, respectively), this observation was not con-
firmed in 2 other studies (20,29).

The total MRSS had a mild- to- moderate positive correlation 
(r = 0.48 [P < 0.001] to 0.66 [P = 0.001]) to the added skin thick-
ness values, revealed at ultrasound in the same 17 sites (5,13,30). 
Two studies reported a weak but significant positive correlation 
(ρ = 0.056 [P = 0.001]) between the ultrasound skin thickness of 
the fingers and the total MRSS (10,29).

Interestingly, 1 study showed a strong correlation between 
skin stiffness and local MRSS in 4 of 16 skin sites examined (24). 
No correlation was found between dermal finger thickness and 
HAQ (32) or Raynaud’s Condition Score (21). Changes in the total 
sum of skin thickness were correlated with changes in serum 
COMP (r = 0.3, P = 0.034), in MRSS (r = 0.43, P < 0.001) and in 
HAMIS (r = 0.53, P = 0.001) during the follow- up (5).

Moreover, dermal finger thickness as assessed by ultrasound 
was associated with the severity of microangiopathic changes, 
as assessed by nailfold videocapillaroscopy (6,23). In another 2 
studies (20,23), the authors demonstrated a relationship between 
dermal thickness, evaluated by ultrasound and MRSS, and the 
peripheral blood perfusion in SSc patients only at finger level.

Variability. The studies that reported intra-  and intervariabil-
ity are included in Table 1 and detailed in Supplementary Table 
6, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract. 
Four studies (15,30,32,34) assessed the interrater variability 
for dermal thickness based on ultrasound measurements per-
formed by 2 independent observers. Three studies (15,30,32) 
described an in tra class correlation coefficient (ICC) for dermal 
thickness, often >0.8 for interobserver variability and >0.9 for 
intraobserver variability (15,30,32). Scheja et al (34) reported an 
interobserver variability for skin thickness of 1.0% for the pha-
lanx, 4.2% for the hand, and 0.0016% for the forearm, by com-
paring the results obtained by 2 independent investigators in 10 
healthy controls.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
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Hou et al (8) measured the skin stiffness in 17 skin sites, in 
15 SSc patients and 15 controls and reported an ICC for inter-
observer variability between 0.25 (right middle phalanx) and 0.91 
(right forearm). Unfortunately, the authors did not report the meth-
odology used for ICC calculation. In another study (24), intraob-
server variability for skin stiffness varied between 0.48 (chest) and 
0.98 (left phalanx), in 4 SSc patients and 2 controls (24). In a study 
by Liu et al (22), the ICC for skin echogenicity classification by 2 
reviewers was 0.608 (P < 0.001), based on the reading of static 
ultrasound images.

Ambient conditions: time of day and room tempera
ture. A total of 7 studies showed the time of day when the ultra-
sound assessments were performed: between 9:00 and 12:00 
a.m. in 6 studies and in the afternoon for the remaining study (29). 
Two studies contained data concerning the room temperature 
(30,33).

Reference data. If ultrasound is to be used for early diag-
nosis of the disease and/or determination of local site involve-
ment, reference normality data are required. Akesson et al (15) 
reported that the skin ultrasound parameters (thickness and 
echogenicity) vary between different skin sites of healthy individ-
uals. In 2000, Brocks et al (29) reported that the skin of healthy 
controls of Danish origin was thicker on ultrasound examination 
than that of Japanese controls, raising the question of ethnic 
background. The influence of other variables, such as age or 
sex, has not been addressed in literature. We were unable to 
identify any attempt to define normal ultrasound skin reference 
data.

Responsiveness to change. A total of 9 studies assessed 
the longitudinal changes of skin involvement as evaluated by ultra-
sound. Five of these studies described a change in skin thick-
ness over time (5,12–15) and 4 reported changes with therapy 
(16–19). None of the ultrasound elastography studies assessed 
the responsiveness to change over time. Supplementary Table 4, 
available on the Arthritis Care & Research web site at http://online 
library.wiley.com/doi/10.1002/acr.23597/abstract, shows the  
main results of the above- mentioned studies.

Feasibility (time consumption, cost, ease of mea
surement). Only a few studies described how long the ultra-
sound examinations took. Di Geso et al (21) reported that ultra-
sound dermal measurements in the finger (proximal and middle 
phalanx), using both grey- scale and ultrasound elastography, took 
no longer than 5 minutes per site. Our group previously reported 
(24) <2 minutes per site for each examination with shear- wave 
elastography. Sulli et  al (6) stated that ultrasound is more time 
consuming than total MRSS assessment and takes 20–25 min-
utes (including skin capture image and manipulation to measure 
 dermal  thickness).

DISCUSSION

This systematic literature review highlights, first and foremost, 
a remarkably high heterogeneity in several aspects of the pub-
lished studies on ultrasound skin assessment in SSc, including: 
the ultrasound protocol used, i.e., the probe frequency, devices 
used, and skin layers of interest to be imaged and measured; the 
number and location of skin sites examined; the definition of out-
comes and the number of measurements taken; the patient and 
disease characteristics (disease stage/duration, drug exposure); 
the criterion validity; cross- sectional versus prospective studies; 
and the methods used to assess reproducibility.

Many studies fail to describe aspects that may be essential 
to allow reproduction of their results, such as age (37), sex, skin 
site (15), time of the day (30), room temperature (30,33), or the 
blinding of observers. Notably, a large number of different ultra-
sound devices were used, which may contribute to variability. In 
approximately 40% of the studies, the probe frequency (i.e., space 
discrimination) was below what is now considered adequate for 
skin evaluation (≥18 MHz). The overall quality of the reported stud-
ies, as assessed by the Effective Public Health Practice Project 
quality assessment tool, was weak to moderate on average (see 
Supplementary Table 2, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/
abstract). The accrual of knowledge and the robustness of evi-
dence supporting the use of ultrasound to assess the skin in SSc 
are strongly hindered by this remarkable literature heterogeneity 
and the limited quality of most studies.

The need for a better tool than MRSS to assess the skin in 
SSc has been repeatedly emphasized, especially due to its low 
sensibility to change (1,3,38,39). Additionally, the variability for the 
MRSS is considered very high (intraobserver 12% and interob-
server 25%) (40).

Published data, albeit limited in quantity and quality, suggest 
that ultrasound may provide much needed progress in the non-
invasive assessment of skin involvement in SSc, both in clinical 
practice and research settings. This technology may allow for ear-
lier detection of skin involvement, as suggested by positive find-
ings in apparently unaffected skin areas (6,13,24,27). An objective 
distinction between the edematous versus indurative phases in 
the early stages of SSc would also be useful (13,30,32). Potential 
advantages of skin ultrasound assessment include the quantita-
tive and continuous nature of the data and a higher reproducibility 
and sensitivity to early disease and to change over time. Innova-
tive techniques, such as the ultrasound elastography, may add 
greater precision and objectivity to ultrasound B- mode in SSc. 
These techniques may provide for more reliable correlations with 
specific histologic and pathogenetic features, e.g., the level of 
fibrosis, content of elastin, collagen, or extracellular matrix.

As to feasibility, skin ultrasound examination is well- accepted 
by patients, widely available, noninvasive, and easily affordable, 
and in addition, it would require only minimal additional training by 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23597/abstract
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experienced sonographers. Skin ultrasound assessment (combin-
ing different parameters) of the 17 Rodnan skin sites is probably 
not realistic in daily practice today, because of time constraints.

Taken together, these observations suggest that ultrasound 
examination may represent an important step forward in the 
search for a sensitive and reliable method to assess skin involve-
ment in SSc. Moreover, it may also become an invaluable tool to 
support the development of much needed new therapeutic inter-
ventions. However, if that promise is to be adequately addressed, 
future research in the area should be aimed at resolving the main 
issues that undermine the currently available evidence: a clear 
definition and standardization of the number and exact location 
of skin sites to be examined; a description of the US protocol 
(probe frequency and type); an exact definition of outcomes of 
interest (thickness, echogenicity, stiffness, and vascularity); the 
establishment of the intrarater and interrater variability of the out-
comes and their sensitivity to change, taking into account the site 
of measurement; clarification of the importance of contextual fac-
tors (age, sex, ethnicity, profession, room temperature and time of 
the day); the issue of the blinding of the assessors, which must be 
appropriately addressed, despite the obvious difficulties; and the 
appropriateness of the devices (i.e., probe ≥18 MHz).

Early detection of skin involvement would be strongly favored 
by the establishment of reference intervals/normality values for 
the relevant anatomic sites, taking into account the significant 
contextual factors. Additional value would be added by further 
studies on the biologic and/or histopathologic correlations of 
ultrasound measurements, especially regarding stiffness. Indeed, 
ultrasound measurements may actually reflect properties of the 
skin that are different from those assessed by the currently vali-
dated gold standard of MRSS, rendering their direct comparison 
 meaningless.

In summary, although skin ultrasound assessment has a 
strong rationale and addresses a very important unmet need in 
SSc, the strong heterogeneity and limitations of published reports 
limit its current use in clinical practice. However, recent studies 
contain very promising data (e.g., good reliability and the possi-
bility to detect subclinical skin involvement) that support further 
investigation into the use of skin ultrasound assessment in SSc. 
Further evidence- based studies are required to validate the use of 
skin ultrasound assessment in the early diagnosis and monitoring 
of SSc patients. These studies may overcome the important lim-
itations of the current gold standard, MRSS, and become crucial 
to improve our understanding of the disease process and to foster 
the development of much- needed new intervention strategies.
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Do not disregard diagnostic clues of endocarditis: 
comment on the article by Garg et al

To the Editor:
We read with great interest the recent report by Garg et al 

about a patient with Bartonella- related endocarditis (1). However, 
we regret that the “petechial pruritic rash” on the lower extremities 
and the presence of an elevated rheumatoid factor (RF) level were 
initially neglected in the context of glomerulonephritis.

Indeed, the rash was poorly described. It was bilateral and 
petechial, but it is not mentioned whether it was symmetric, distal, 
palpable, or necrotic, for instance. Because no cutaneous biopsy 
was performed (with direct immunofluorescence and cultures), we 
can only hypothesize that the rash was related to a leukocytoclas-
tic vasculitis. Indeed, a careful dermatologic examination is man-
datory in patients with suspected infective endocarditis in order to 
find the portal of entry present in more than 20% of cases. Moreo-
ver, minor criteria for infective endocarditis include not only vascular 
phenomena with conjunctival hemorrhages, Janeway lesions and 
major arterial emboli, and immunologic phenomena such as Osler 
nodes but also glomerulonephritis, Roth spots, and RFs, accord-
ing to the Duke criteria (2) and the modified Duke criteria (3).

Of note, in a recent study that included 497 definite cases of 
infective endocarditis, 487 had known dermatologic status. Among 
these 487 cases, 11.9% had skin manifestations, including 8.0% 
with purpura, 2.7% with Osler nodes, and 1.6% with Janeway 
lesions (4). However, the 2 latter lesions, which were formerly con-
sidered to be the result of small vessel vasculitis, are currently con-
sidered to be the result of minute septic emboli to the dermis origi-
nating from valvular vegetation, with septic microemboli and dermal 
microabscess  (5). Finally, petechiae, which were considered as a 
criterion in the 1981 definitions proposed by von Reyn et al (6), were 
excluded from new criteria, because these lesions can be observed 
in other conditions and are not specific to infective endocarditis (2,3).

The presence of RF, an antibody directed against the Fc frag-
ment of IgG, is frequent in patients with infective endocarditis. It is 
considered to be a minor criterion for infective endocarditis, related 
to a complex stimulation of humoral and cellular immunity of the host 
to control the infection. Rheumatoid factor is found in more than half 
of patients with subacute endocarditis lasting more than 6 weeks 
(7) and in 24% of patients with acute endocarditis (8) and therefore 
seems to be related to the duration of infection. Of course, the previ-
ous presence of RF cannot be considered to be a minor criterion. As 
suggested by the authors, other autoantibodies may be present (1).

In conclusion, a high index of suspicion of infective endocar-
ditis in patients with a petechial rash is required, and subtle data 

should not be neglected in order to establish an early diagnosis 
and adapted treatment.
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Reply

To the Editor:
We thank Dr. Bachmeyer and colleagues for their interest 

in and comments regarding our clinical scenario. The pres-
entation of endocarditis with a cutaneous vasculitis has been 
well reported. The concern expressed by Bachmeyer et al regard-
ing the description of the rash is valid, but as noted in our report, 
the rash was first observed when the patient was admitted to 
an “outside” hospital. Given that the patient had altered mental 
status when he was transferred to our hospital, it was difficult to 
obtain a detailed history with regard to the distribution, symmetry, 
and characteristics of the skin rash. Our concern for petechial 
rash (leukocytoclastic vasculitis) was based on his past medical 
records and postinflammatory scarring on his lower extremities.
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The other concern raised by Bachmeyer et al was that petechial 
rash is no longer included in the diagnostic criteria for infective endo-
carditis because the presence of petechiae is a nonspecific finding. 
We agree regarding the nonspecificity of this type of skin manifes-
tation but still believe that petechial rash (leukocytoclastic vasculitis) 
is an important diagnostic clue for infective endocarditis. Several 
studies in similar cases have highlighted the importance of includ-
ing infective endocarditis in the differential diagnosis list, because it 
is a more commonly reported presentation in comparison to other 
specific skin manifestations of infective endocarditis (1). Although the 
specificity of petechial rash in patients with infective endocarditis is 
low, its prevalence is high, leading researchers to underscore the 
need to consider a diagnosis of infective endocarditis before pursu-
ing a diagnosis of autoimmune disease; patients with autoimmune 
disease require treatment with immunosuppressive medications, 
which can be detrimental in patients with infective endocarditis (1,2). 
A similar scenario was reported in our case presentation.

Another notable finding, as pointed out by Bachmeyer et al, 
was the important relationship between RF IgM/IgG and infective 
endocarditis. Other investigators have shown that 97% of patients 
with infective endocarditis had immune complex deposition, and 
that these patients had elevated levels of IgM- RF, IgG- RF, or both 
(3). Both IgG- RF and IgM- RF have been reported to be a part 
of polyvalent antibody response to elevated levels of circulating 
immune complexes that might or might not contain RF. Elevated 
IgG- RF levels have been reported not only in patients with infective 
endocarditis but also in patients with uncomplicated sepsis, chronic 
liver disease, or chronic viral infections such as hepatitis C virus (3).

Shivani Garg, MD, MS
University of Wisconsin
Madison, WI
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Hypothesis: can neuroendocrine immune testing in 
individual rheumatoid arthritis patients guide the 
benefits-to-harms ratio in glucocorticoid therapy?
Comment on the article by Palmowski et al

To the Editor:
We compliment Palmowski and colleagues and endorse the 

“official view” expressed in their review of guidelines for glucocorti-

coid (GC) therapy in patients with rheumatoid arthritis (RA) (1). The 
international guidelines were generally in agreement that GCs are 
an appropriate option for RA therapy, especially at low doses and 
for a short duration (1). However, the recommendations lacked 
evidence and guidance regarding doses, timing, and duration of 
GC treatment. The authors concluded that high- quality studies of 
GCs in RA are urgently needed (1).

In an accompanying editorial, Mahajan and O’Dell (2) refer-
enced a study by Hench and Kendall (3) describing the first use 
of cortisone to treat a patient with RA. In that study, the patient 
received daily intramuscular injections of GCs (100 mg of corti-
sone), based on the belief that the drug could help to correct a 
deficiency (2). Mahajan and O’Dell also stated that the optimal 
GC dose or duration of GC treatment in patients with early RA 
is not known either in general or for individual patients (2). It is 
also not known whether adverse risks or benefits are related to 
linear or threshold doses of GCs, in general or individually (2).

A previous systematic literature review was conducted with 
the aim of defining conditions under which long- term GC ther-
apy in patients with rheumatic disease could result in an accept-
ably low level of harm in relation to beneficial effects (4). Robust 
evidence regarding the risk of harm was often lacking, and there 
was uncertainty about patient- specific characteristics (e.g., age, 
sex, disease activity) that could influence the risk/benefit ratio. 
The authors concluded that future high- quality data are needed, 
including data on patient- specific conditions (4).

An ongoing randomized trial of prednisolone 5 mg/day 
for 2 years versus placebo in elderly patients with RA is being 
conducted to determine whether it is a highly cost- effective 
and safe therapy (1). A complementary hypothesis for individ-
ual RA patients is whether or not baseline serum neuroendo-
crine immune (NEI) profile testing can be cost- effective in guid-
ing GC therapy to achieve improved benefits:harms outcome? 
Research on individual benefits and harms of GC therapy in indi-
vidual patients with RA is necessarily challenging. Little is known 
about the complex and varied interactions of genetic/epigenetic, 
behavioral (smoking), age, sex, and NEI influences.

A PubMed search (conducted on September 1, 2017) for 
“rheumatoid arthritis mechanisms” and “hypothalamic pituitary” 
yielded 35 citations (https://www.ncbi.nlm.nih.gov/pubmed/ 
? te rm=%22mechan isms+ in+rheumato id+ar th r i t i s% 
22+AND+%22hypothalamic+pituitary%22). The preceding arti-
cles indicated a relative adrenocortical insufficiency in a minor-
ity of premenopausal-onset RA patients versus control subjects, 
before and after the onset of RA. Previous reports also suggest 
that baseline dynamic testing of adrenal function (e.g., using 
adre nocorticotropic hormone stimulation), in addition to adrenal 
glucocorticoid and androgenic- anabolic steroid measurements, 
could be predictive biomarkers in individual RA patients who 
may benefit the most from long- term, low- dose GC therapy. The 
immunologic component of NEI factors in RA would also require 
selective baseline and periodic monitoring of inflammatory bio-

https://www.ncbi.nlm.nih.gov/pubmed/?term=%22mechanisms+in+rheumatoid+arthritis%22+AND+%22hypothalamic+pituitary%22
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carditis because the presence of petechiae is a nonspecific finding. 
We agree regarding the nonspecificity of this type of skin manifes-
tation but still believe that petechial rash (leukocytoclastic vasculitis) 
is an important diagnostic clue for infective endocarditis. Several 
studies in similar cases have highlighted the importance of includ-
ing infective endocarditis in the differential diagnosis list, because it 
is a more commonly reported presentation in comparison to other 
specific skin manifestations of infective endocarditis (1). Although the 
specificity of petechial rash in patients with infective endocarditis is 
low, its prevalence is high, leading researchers to underscore the 
need to consider a diagnosis of infective endocarditis before pursu-
ing a diagnosis of autoimmune disease; patients with autoimmune 
disease require treatment with immunosuppressive medications, 
which can be detrimental in patients with infective endocarditis (1,2). 
A similar scenario was reported in our case presentation.

Another notable finding, as pointed out by Bachmeyer et al, 
was the important relationship between RF IgM/IgG and infective 
endocarditis. Other investigators have shown that 97% of patients 
with infective endocarditis had immune complex deposition, and 
that these patients had elevated levels of IgM- RF, IgG- RF, or both 
(3). Both IgG- RF and IgM- RF have been reported to be a part 
of polyvalent antibody response to elevated levels of circulating 
immune complexes that might or might not contain RF. Elevated 
IgG- RF levels have been reported not only in patients with infective 
endocarditis but also in patients with uncomplicated sepsis, chronic 
liver disease, or chronic viral infections such as hepatitis C virus (3).

Shivani Garg, MD, MS
University of Wisconsin
Madison, WI

 1. Loricera J, Blanco R, Hernández JL, Calvo-Río V, Ortiz-Sanjuán F,
Mata C, et al. Cutaneous vasculitis associated with severe bacterial
infections: a study of 27 patients from a series of 766 cutaneous vas-
culitis. Clin Exp Rheumatol 2015;33(Suppl 89):S36–43.

 2. Natarajan A, Hindocha D, Kular N, Fergey S, Davies JR. Vascu-
litic rash: do not jump to conclusions. J R Coll Physicians Lond
2012;12:179–80.

 3. Carson DA, Bayer AS, Eisenberg RA, Lawrance S, Theofilopoulos A.
IgG rheumatoid factor in subacute bacterial endocarditis: relationship
to IgM rheumatoid factor and circulating immune complexes. Clin Exp 
Immunol 1978;31:100–3.

DOI 10.1002/acr.23453

Hypothesis: can neuroendocrine immune testing in 
individual rheumatoid arthritis patients guide the 
benefits-to-harms ratio in glucocorticoid therapy?
Comment on the article by Palmowski et al

To the Editor:
We compliment Palmowski and colleagues and endorse the 

“official view” expressed in their review of guidelines for glucocorti-

coid (GC) therapy in patients with rheumatoid arthritis (RA) (1). The 
international guidelines were generally in agreement that GCs are 
an appropriate option for RA therapy, especially at low doses and 
for a short duration (1). However, the recommendations lacked 
evidence and guidance regarding doses, timing, and duration of 
GC treatment. The authors concluded that high- quality studies of 
GCs in RA are urgently needed (1).

In an accompanying editorial, Mahajan and O’Dell (2) refer-
enced a study by Hench and Kendall (3) describing the first use 
of cortisone to treat a patient with RA. In that study, the patient 
received daily intramuscular injections of GCs (100 mg of corti-
sone), based on the belief that the drug could help to correct a 
deficiency (2). Mahajan and O’Dell also stated that the optimal 
GC dose or duration of GC treatment in patients with early RA 
is not known either in general or for individual patients (2). It is 
also not known whether adverse risks or benefits are related to 
linear or threshold doses of GCs, in general or individually (2).

A previous systematic literature review was conducted with 
the aim of defining conditions under which long- term GC ther-
apy in patients with rheumatic disease could result in an accept-
ably low level of harm in relation to beneficial effects (4). Robust 
evidence regarding the risk of harm was often lacking, and there 
was uncertainty about patient- specific characteristics (e.g., age, 
sex, disease activity) that could influence the risk/benefit ratio. 
The authors concluded that future high- quality data are needed, 
including data on patient- specific conditions (4).

An ongoing randomized trial of prednisolone 5 mg/day 
for 2 years versus placebo in elderly patients with RA is being 
conducted to determine whether it is a highly cost- effective 
and safe therapy (1). A complementary hypothesis for individ-
ual RA patients is whether or not baseline serum neuroendo-
crine immune (NEI) profile testing can be cost- effective in guid-
ing GC therapy to achieve improved benefits:harms outcome? 
Research on individual benefits and harms of GC therapy in indi-
vidual patients with RA is necessarily challenging. Little is known 
about the complex and varied interactions of genetic/epigenetic, 
behavioral (smoking), age, sex, and NEI influences.

A PubMed search (conducted on September 1, 2017) for 
“rheumatoid arthritis mechanisms” and “hypothalamic pituitary” 
yielded 35 citations (https://www.ncbi.nlm.nih.gov/pubmed/ 
? te rm=%22mechan isms+ in+rheumato id+ar th r i t i s% 
22+AND+%22hypothalamic+pituitary%22). The preceding arti-
cles indicated a relative adrenocortical insufficiency in a minor-
ity of premenopausal-onset RA patients versus control subjects, 
before and after the onset of RA. Previous reports also suggest 
that baseline dynamic testing of adrenal function (e.g., using 
adre nocorticotropic hormone stimulation), in addition to adrenal 
glucocorticoid and androgenic- anabolic steroid measurements, 
could be predictive biomarkers in individual RA patients who 
may benefit the most from long- term, low- dose GC therapy. The 
immunologic component of NEI factors in RA would also require 
selective baseline and periodic monitoring of inflammatory bio-

https://www.ncbi.nlm.nih.gov/pubmed/?term=%22mechanisms+in+rheumatoid+arthritis%22+AND+%22hypothalamic+pituitary%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=%22mechanisms+in+rheumatoid+arthritis%22+AND+%22hypothalamic+pituitary%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=%22mechanisms+in+rheumatoid+arthritis%22+AND+%22hypothalamic+pituitary%22
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.23453&domain=pdf&date_stamp=2019-03-28
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markers serum biomarkers (acute-phase reactants [high-sentiv-
ity C-reactive protein and serum amyloid A]) and inflammatory 
cytokines [e.g., interleukin-6]).

GCs are not simply drugs, but also are potent hormones. 
When relative adrenocortical insufficiency is identified, GC therapy 
deserves physiological consideration in terms of doses, diurnal var-
iation, delivery, and other factors that best conform to the concept 
of chronic, individualized “hormone replacement therapy.” In addi-
tion, when GC treatment is needed for antiinflammatory effects, 
the treatment should be monitored for personalized chronic long- 
term benefits:harms outcomes. Research is needed to evaluate 
whether monitoring of endogenous hypothalamic–pituitary–adre-
nal function and the inflammatory component of NEI mechanisms 
in RA can achieve both improved efficacy and safety coupling and 
individualized cost- effective GC therapy guidelines.

Alfonse T. Masi, MD, DrPH
University of Illinois College of 
 Medicine at Peoria 
Peoria, IIllinois
Richard Imrich, MD, PhD
Slovak Academy of Sciences 
Bratislava, Slovak Republic
Maurizio Cutolo, MD
University of Genoa 
Genoa, Italy
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Reply

To the Editor:
We would like to thank Masi and colleagues for their interest 

in our study as well as for their interesting comments regarding the 
potential usefulness of NEI testing in patients with RA.

When GCs were first used in 1948 to treat a patient with 
RA, the effect was overwhelming for that time. The impact on 

the treatment of rheumatic diseases was so tremendous that it 
was captured in a previous review article by dividing the history 
of rheumatology into “BC” and “AC” (before cortisol and after 
cortisol) (1). Although the discovery was originally guided by the 
idea of correcting an existing GC deficiency (2), the great enthu-
siasm about the effects produced by the new miracle drug led to 
the administration of dosages by far exceeding a mere “substi-
tution therapy” in the following years (3). Inevitably, this extensive 
use soon revealed the serious downsides of GC use: the striking 
antiinflammatory effects were contrasted by substantial adverse 
events in many patients, and the initial enthusiasm rapidly turned 
into an equally great skepticism. GCs gradually lost their impor-
tance as first- line treatment in uncomplicated RA (4).

With such great concerns regarding GC therapy prevail-
ing for a long period of time, it took several decades for their 
disease- modifying potential as a low- dose co- medication to 
come to light (4). But even today, more than 65 years after the 
first administration of cortisone to a patient with RA, the optimal 
dose and the adequate treatment duration as well as the actual 
risk/benefit ratio remain unclear. Therefore, many researchers 
continue to see the role of GCs primarily as that of a short- term 
bridging therapy until conventional synthetic disease- modifying 
antirheumatic drugs reach full effect (5,6). In a recent systematic 
literature review, authors concluded that the risk of harm of long- 
term GC treatment is acceptably low for doses of up to 5 mg of 
prednisone in the majority of patients, although robust evidence 
is still missing (7). The currently ongoing Glucocorticoid Low- 
dose Outcome in Rheumatoid Arthritis (GLORIA) trial, the aim of 
which is to prove the safety and cost- effectiveness of additional 
low- dose GCs (5 mg/day of prednisone) in patients ≥65 years of 
age, will hopefully provide valuable new evidence.

Yet, a better clarification of the general risk/benefit profile is 
only one of several steps still necessary for safer and more effi-
cient GC therapy. Further steps include the introduction and in- 
depth evaluation of new GC formulations (e.g., modified- release 
prednisone, liposomal prednisone, and selective GC agonists/
modulators) as well as a more individualized adjustment of the 
treatment regimen, for which NEI testing may indeed play a 
major role. A significant proportion of the complexity of GC treat-
ment derives from its close interdependency with endogenous 
cortisol production, and changes in the circadian rhythm have 
long been observed in RA patients (8). Low baseline adrenal 
function may serve as a valuable predictor of a positive individual 
risk/benefit ratio, while hypercortisolism might be indicative of a 
higher risk for undesired side effects—even more so in the case 
of low- dose regimens. Interestingly, the dosage of 5 mg/day of 
prednisone used in the GLORIA trial and proposed by Strehl 
et al (7) is not only within the range of physiological endogenous 
cortisol production (9–11 mg/day of cortisol [equal to ~4–5 mg 
of prednisone in an average adult] [9]) but also in accordance 
with recommendations for substitution therapy in patients with 
pituitary insufficiency (10). Therefore, we actually might already 
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be closer than we thought to the originally intended purpose of 
GC therapy.

At the same time, this observation might also offer a solu-
tion to another issue raised by Mahajan and O’Dell (2): because 
it has proven difficult to identify clinically relevant cut- offs that 
can be agreed on for a uniform nomenclature, wouldn’t it be 
an obvious solution to use the natural cut- off of endogenous 
production for a clear and plausible definition of low- dose GC 
treatment?

This project has received funding from the European Union’s Horizon 
2020 Framework Programme for Research and Innovation under grant 
agreement No. 634886.
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Differences in management style between pediatric
and adult rheumatologists: comment on the article by 
Van Mater et al

To the Editor:
According to the Arthritis Foundation, more than 300,000 

children in the US have juvenile arthritis, and there are many more 
children with musculoskeletal conditions who could benefit from 
rheumatologic care. However, there are only approximately 350 
board- certified pediatric rheumatologists in this country, and 8 
states do not have a single board- certified practitioner. As a con-
sequence, more than 75% of children with rheumatic disease are 
cared for by an adult certified rheumatologist. A recent article (Van 
Mater H, Balevic SJ, Freed GL, Clark SJ. Prescribing for children 
with rheumatic disease: perceived treatment approaches between 
pediatric and adult rheumatologist. Arthritis Care Res [Hoboken] 
2018;70:268–74) highlights some differences in management 
style between pediatric and adult rheumatologists, although data 
reflecting outcome differences are not presented.

The reality is that pediatric subspecialty programs are 
poorly enrolled, and pediatric rheumatology programs are espe-
cially under- enrolled. More than 20 years after the availability of 
 certification in pediatric rheumatology (established in 1992), there 
is still a desperate need for pediatric rheumatology specialists. This 
is compounded by increasingly common restrictions on faculty 
appointments to pediatric departments without pediatric rheuma-
tology board certification. As an adult trained rheumatologist who 
spends most of his clinical effort caring for children, I would like to 
make the following recommendations: 1) that training programs 
in adult rheumatology require some exposure to pediatric rheu-
matic disease, 2) that programs are established for adult trained 
rheumatologists to gain additional training and certification status 
in pediatric rheumatology, and 3) that adult rheumatologists with 
faculty appointments in pediatric departments be granted status 
within the pediatric rheumatology community.

Although it is arguable whether training in pediatrics is abso-
lutely necessary for the practice of pediatric rheumatology, such 
training would at least represent an attempt to fill the gap until 
there are sufficient numbers of trained pediatric rheumatologists, if 
that indeed ever happens.

Daniel Albert, MD 
Dartmouth Hitchcock Medical Center 
Lebanon, NH
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Applications Invited for Arthritis & Rheumatology Editor-in-Chief 
(2020–2025 Term)

The American College of Rheumatology Committee on Journal 
Publications announces the search for the position of Editor, Arthritis 
& Rheumatology. The offi  cial term of the next Arthritis & Rheumatology
 editorship is July 1, 2020–June 30, 2025; however, some of the du-
ties of the new Editor will begin during a transition period starting 
April 1, 2020. ACR members who are considering applying should 
submit a nonbinding letter of intent by May 1, 2019 to the Manag-
ing Editor, Jane Diamond, at jdiamond@rheumatology.org, and are 
also encouraged to contact the current Editor-in-Chief, Dr. Richard 
Bucala, to discuss details; initial contact should be made via e-mail 
to richard.bucala@yale.edu. Applications will be due by June 21, 
2019 and will be reviewed during the summer of 2019. Applica-
tion materials are available on the ACR web site at https://www.
rheumatology.org/Learning-Center/Publications-Communications/
Journals/A-R.

New Division Name

Rheumatology is truly a people specialty: We often develop 
 lifelong relationships with our patients as well as our colleagues. 
We increasingly recognize that providing the best rheumatologic 
care requires a team eff ort. The collegial nature of our specialty is 
 refl ected in the ACR’s mission statement: To empower rheumatology 
professionals to excel in their specialty.

In keeping with this mission, we are pleased to announce that our 
health professionals’ membership division is changing its name to 
Association of Rheumatology Professionals (ARP). This name change 

highlights the dedication of the ACR to serve the entire rheumatol-
ogy community. It also refl ects our broadened base of interprofes-
sional members (administrators, advanced practice nurses, health 
educators, nurses, occupational therapists, pharmacists, physical 
therapists, physician assistants,  research teams, and more).

The name is new, but our commitment and promise remain the 
same: We are here for you, so you can be there for your patients.

ARP Membership 

The Association of Rheumatology Professionals (ARP), a division of 
the American College of Rheumatology, appreciates your continued 
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff , researchers, physical 
therapists, occupational therapists, assistants, and students. Student 
membership is complimentary; the Annual Meeting registration fee is 
waived for students who submit the required student verification let-
ter. For information, go to www.rheumatology.org and select “Mem-
bership” or call 404-633-3777 and ask for an ARP staff  member. 

New for 2019: Education for Rheumatology Professionals 

Whether you are new to a rheumatology practice or just need 
a rheumatology refresher, kick off  2019 with high-quality ed-
ucation for the entire interprofessional team. All 19 Advanced 
Rheumatology Course activities have been updated with all-new 
interactive content, including mini-quizzes. You can also register 
for 11 brand new Advanced eBytes, which are complimentary 
to ARP members. For information on pricing, credits hours, and 
registration go to www.rheumatology.org, click the drop down box 
“I AM A” next to the Membership tab and select “Health Profes-
sional Education.”

http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.23638&domain=pdf&date_stamp=2019-03-28

	toc
	449
	456
	471
	482
	492
	498
	512
	521
	530
	538
	545
	558
	562
	563
	574
	575
	576
	577
	578
	ARP Announcements



