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Abstract
Purpose—To examine predictors of progression of disability in RA, as measured by the Health
Assessment Questionnaire disability index (HAQ), and to determine rates of progression during
biologic treatment.

Methods—We followed 18,485 RA patients for up to 11 years (mean 3.7 years) in a longitudinal
study of RA outcomes. Patients were characterized as having moderate or severe RA versus less
severe RA at study entry. Annualized progression rates were determined in multivariable analyses
using generalized estimating equations (GEE).

Results—Although all demographic and severity characteristics were associated with baseline
differences in HAQ score, progression was only associated with age, comorbidity, initial severity,
and treatment. HAQ increased fastest in patients with age > 65, 0.031 (95% CI 0.028, 0.034).
HAQ progression was independently associated with the presence of baseline cardiovascular
disease, hypertension, diabetes, and the number of comorbid conditions. Annualized progression
rates were greater in patients with mild to inactive RA, 0.021 (95% CI 0.019, 0.023), than in
moderate to severe RA, 0.003 (0.001, 0.006). The overall progression rate during biologic
treatment was 0.008 (95% CI 0.005. 0.011); for patients with moderate to severe RA the rate was
0.001 (95% CI −0.005, 0.003).

Conclusions—Age and comorbidity are important predictors of the rate of loss of functional
status, and have a stronger effect on HAQ progression than does biologic treatment. There is little
difference in progression rates among biologics. Patients with more severe RA progress less than
those with less severe RA, a possible function of regression to the mean.
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Introduction
Functional status is the signal predictor of important rheumatoid arthritis (RA) patient
outcomes, including mortality (1–3), work disability (4–6), healthcare resource utilization
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(7, 8), and household income and poverty (9); and the goal of RA therapy is to preserve or
improve functional status. The US Food and Drug Administration (FDA) recognizes a
treatment indication for improving physical function (10) in adult patients with moderately
to severely active rheumatoid arthritis.

Despite its importance, the factors that relate to loss of functional status in RA are not well
understood. Functional status deteriorates with age and with presence of comorbidity in all
individuals (11). In RA, inflammation and pain together with structural damage and
decreased endurance also contribute to functional loss. However, functional status is lost
very early in the course of RA (12), and its level is not always directly related to the degree
of inflammatory activity.

The level of the Health Assessment Questionnaire disability index (HAQ) serves as one
measure of the success or failure of treatment intervention, and its improvement and the
maintenance of improvement is accepted as a measure of “improving physical function
(10).” In addition, the change in HAQ is regularly used as a surrogate measure for health
utility in cost effectiveness evaluation (13, 14).

In the current study, we used the perspective of the patient with established RA and
investigated factors that may predict HAQ progression. Additionally, we measured the
degree of progression in patients treated with and without biologics, controlling for non-
treatment factors.

Methods
We studied 18,485 adult patients with RA who participated in the National Data Bank for
Rheumatic Diseases (NDB) longitudinal study of RA outcomes. Participants are volunteers,
recruited from the practices of US rheumatologists, who complete mailed or Internet
questionnaires about their health at 6-month intervals. They are not compensated for their
participation. The diagnosis of RA is made by the patient’s rheumatologist. Patients who
were recruited to participate in the NDB as they started a biologic, specifically as part of a
biologic safety registry, were excluded from this study because of the possibility of severity
bias. The NDB utilizes an open cohort design in which patients are enrolled continuously.
The mean duration of patients’ follow-up was 3.7 (SD 3.2, range 0.5–11) years.

Patients were assessed on a semiannual basis between 1998 and 2009. At each assessment
we obtained treatment and demographic data by patient self-report. Patients were considered
to be on biologic therapy if they used any of the following treatments during the time of the
study: etanercept, infliximab, adalimumab, abatacept, certolizumab pegol, or rituximab.
However, only 2.4% of patients had received abatacept, certolizumab pegol, or rituximab at
the time of study closure, and we elected to restrict biologic analyses to etanercept,
infliximab, and adalimumab. Infliximab had been used by 26.9% of patients during 9,893
patients-years; etanercept by 19.4% during 9,504 patient-years, and adalimumab by 7.0%
during 2,311 patient years of observation. For this study, Disease modifying anti-rheumatic
drugs (DMARDs) refer to non-biologic treatments.

To measure functional status, we used the Health Assessment Questionnaire disability index
(HAQ) (15). The HAQ has 41 questions, including 20 activities of daily living items and 21
items about aids and devices. Patient’s self-reported individual comorbid conditions (16),
and we computed a comorbidity score based on the presence of pulmonary disorders,
myocardial infarction, other cardiovascular disorders, stroke, hypertension, diabetes, spine/
hip/leg fracture, depression, GI ulcer, other GI disorders, and cancer, as previously described
(17). Visual analog scales (VAS) for pain and patient global were also collected with a range
of 0 through 10.
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To identify patients with moderate to severe RA, we first asked 7, 389 patients to rate the
current severity of their RA (no symptoms, mild, moderate and severe severity). We then
determined by logistic regression that the same patients simultaneous Patient Activity Scale
(PAS) (18) score had a receiver operating characteristic (ROC) curve value of 0.90 for the
classification of moderate to severe RA versus mild to inactive RA at a PAS value of 3.7.
We used this cut point to classify all RA patients in this study. The PAS is an index
comprised of HAQ, VAS pain, and VAS patient global.

Statistical methods
Missing data—Missing data occurred through two mechanisms in this study: 1) when
patients did not complete or validly complete a questionnaire item (mechanism 1) and 2)
when the item was not part of the assessment questionnaire (mechanism 2). The NDB made
use of 3 types of questionnaires. All participants completed at least once a comprehensive
28-page questionnaire that included all study questions. Over the course of the study, this
questionnaire was completed at 92.7% of observations, and had 0.4% missing data for HAQ
(mechanism 1). A short and an even shorter (brief) questionnaire was completed by 6.5%
and 1.0% of patients respectively; these questionnaires did not include the HAQ (mechanism
2). Patients completing shorter questionnaires are older and have lower health status
compared with patients completing the comprehensive questionnaire. Considering all
questionnaires, the overall missing data for HAQ was 8.1%. Because of the possibility that
excluding data from short and brief questions would introduce unacceptable bias, we elected
to impute missing variables. To replace missing HAQ values, we used multiple imputation
by chained equations (ICE) to create 5 multiple imputed datasets for analyses (19), and we
combined data according to Rubin’s rules (20). Variables used in ICE included:
questionnaire type, enrollment year, number of observations, SF-36 PCS, SF-36 MCS,
disease duration, comorbidity index, calendar year, age, sex, education, and income.

Specific analyses—In preliminary analyses we evaluated the possibility that HAQ
progression might be non-linear with respect to time using graphic inspection and
multivariable regression splines (21). We did not find evidence for nonlinearity of HAQ
progression and, therefore, used a linear functional form in our analyses.

To determine rates of progression we used general estimating equations (GEE) with semi-
robust standard errors. In the first series of analyses we regressed HAQ on age categories,
sex, and the specific covariate of interest (Table 1), and we repeated this analysis separately
for each covariate. In the multivariable models of Table 2, all variables were included, but in
order to determine rates of HAQ change over time per covariate, we changed the functional
form of each covariate to interact with the study duration variable (time) in separate analysis
for each covariate. Analyses included 135,738 observations from the 18,485 patients. The
analyses determine the rate of HAQ progression when patients are receiving specific
biologics compared to when they are not receiving them. A patient can contribute time to
multiple treatments. Analyses comparing overall biologic use versus no biologic use were
previously reported (22).

All data were analyzed using Stata 11.0 (Stata Corporation, College Station, TX). Statistical
significance was set at the 0.05 level.

The study was carried out in compliance with the Helsinki Declaration, and was approved
by the Institutional Review Board of the St. Francis Regional Medical Center, Wichita, KS.
All patients signed an informed consent.

KM and FW drafted the manuscript, and participated in the conception, design, data
collection, and data analysis of the study. GW participated in the conception, design,
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collection and review of the manuscript. All authors read and approved the final version of
the manuscript.

Results
At entry to the study, the mean (SD) age of patients was ~60 years, with a duration of RA of
~12 years. Twenty-three (23.3) percent were men, and 25.0% had completed college. The
patient global at entry was 3.6 (2.5), and the mean number of DMARDs/biologics used
through the time of entry was 2.7 (1.9).

We examined the association of demographic and comorbidity variables on HAQ scores at
entry in Table 1. The HAQ score in moderate to severe RA was 1.54 compared with 0.62 for
mild or inactive RA, and the overall HAQ score was 1.06. In addition, HAQ scores differed
among categories for all variables. The greatest HAQ scores were noted in comorbidity,
including heart problems (1.30), pulmonary disorders (1.32), psychiatric disorders (1.40),
and multiple comorbid conditions (1.27–1.50).

In Table 1 we also examined the multivariable effect of the variables at baseline on the
annual rate of HAQ progression. HAQ progressed fastest in patients with age > 65 years.
Among comorbid conditions, significant HAQ progression rates were: cardiovascular
disease 0.009, hypertension 0.010, diabetes 0.006, and multiple comorbidities (point
estimate range 0.010 to 0.014). Rates were greater in patients with mild to inactive RA,
0.021 whose mean (SD) HAQ score was 0.6 (0.5), than in moderate to severe RA, 0.003
where the mean (SD) HAQ score was 1.5 (0.6). To further examine a possible regression to
the mean effect, HAQ annual progression rates for patients whose baseline HAQ was <1
were 0.025 (95% CI 0.023 to 0.028), ≥1 and <2 were 0.007 (95% CI 0.005 to 0.010) and ≥ 2
and ≤ 3 were −0.016 (95% CI −0.022 to −0.010) with multivariable adjustment of all
predictors listed in Table 1.

In Table 2 and Figures 1 and 2 we studied the effect of biologic therapy on HAQ
progression in all patients and separately in the group of patients with moderate to severe
RA. Presented with baseline differences between biologic non-use and use, the analyses
were adjusted for baseline HAQ (1.05 vs. 1.10, p<0.001), age (60.3 vs. 58.3, p<0.001), male
sex (23.5% vs. 22.5%, p=0.239), college education (25.7% vs. 28.8%, p<0.001), BMI (27.9
vs. 32.2, p<0.001), RA onset year (1989 vs. 1989, p=172), smoking status (53% vs 52%
ever smoked, p=118), and the number of comorbid conditions (1.58 vs. 1.48, p<0.001).
Among all patients the rate of HAQ progression without biologics was 0.018 (95% CI 0.016,
0.020), and was not lower in the absence of DMARD use. The rate of progression on
biologics was 0.008 (95% CI 0.005, 0.011), and the rate of progression was similar among
all of the biologics (Table 2 and Figure 1).

Among patients with moderate or severe RA at baseline, HAQ progression rates were lower
(Table 2 and Figure 2). While not on any biologic and on a DMARD, the rate of progression
was 0.010 (95% CI 0.005, 0.014), and on any biologic the rate was −0.001 (95% CI −0.005,
0.003). Once again, rates among the individual biologics were similar.

Discussion
The aim of this study was not, as is most often the case, to investigate levels of disability
and disability-associated clinical predictors and outcomes. Instead, it was to start with the
current level of disability and ask what are the factors that predict the rate of progression of
disability, and to describe that rate. This is a germane question, as patients in studies and in
clinical practice do not represent a tabula rasa.
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Among the important results of this study was the observation that moderate to severe RA at
entry was associated with lower rates of HAQ progression than found in patients with mild
or inactive RA. The simple and sufficient cause for this result is regression toward the mean
(23, 24). The more severe the RA, the higher is the HAQ score, and the less likely is
progression. As a corollary, it may be said that patients with more severe RA did not have
greater HAQ progression — they already had greater progression that led to their current
higher HAQ scores overall. The distinction between the level of the HAQ score and its rate
of change is important and should always be kept in mind. It follows from these data that it
will always be easier to control HAQ progression with treatment when the patients receiving
the treatment are more severe rather than less severe. As shown in Table 1, the rate of HAQ
progression is 0.017 (0014, 0.0212) units per year less in moderate to severe RA than in less
severe RA.

To our knowledge, previous studies in RA have not examined non-treatment factors that
may contribute to HAQ progression rate. It is important to note that non-treatment factors
had greater effect on HAQ progression than did treatment factors. For example, the rate of
progression for those >65 years of age was 0.031 (0.028, 0.034) while the rate of
progression in etanercept patients on MTX (the best case) was 0.004 (−0.000, 0.009)
compared with the no biologic treatment rate of 0.018 (0.016, 0.020), a difference of
approximately 0.014 units per year. Such results are important because they underscore the
point that HAQ rate is substantially contributed to by non-RA factors.

In addition to age, and its infirmities, we demonstrated that the presence of comorbidities at
baseline contributed independently to the rate of HAQ progression (Table 1). These data
indicate that we should be careful in attributing all changes in HAQ to treatment effect. Our
data suggest that in studies, including randomized clinical trials, there may be greater
treatment response in younger and healthier patients, though we should not extrapolate the
observational community data presented here to clinical trials.

With respect to biologic treatment, progression rates were similar among treatments, and
there was no clear difference according to MTX status (Table 2). The width of the
confidence intervals reflect the proportion of patients treated with the different biologics in
the study: infliximab 27%, etanercept 19%, and adalimumab 7%. The progression rate
during biologic treatment was −0.001 (95% CI −0.005, 0.003) for those with moderate to
severe RA and was 0.008 (95% CI 0.005. 0.011) when patients were not subset by entry
severity.

The results of this report with respect to HAQ progression differ from those reported by
Symmons et al. in 466 patients with established RA (duration >5 yr) who were on stable
therapy for at least 6 months (25). Their patients had a baseline HAQ of ~1.28 and an
estimated average HAQ increase of 0.051 (95% CI 0.037, 0.065) units per year compared
with an average progression rate of 0.014 (0.012, 0.015) noted in the current study. Both
groups were similar with respect to age (~60 years) and RA duration (~13 years). However,
the lifetime DMARD count at baseline in the current study was 2.7 (1.9) compared with 1.4
(0.7) in the UK study. In addition, we have reported elsewhere that 847 RA patients with
6,444 observations during ordinary care in a US clinical rheumatology practice had an
annualized rate of HAQ-II progression of 0.018 (95% CI 0.001, 0.036) units per year (12).
The HAQ-II is a surrogate for the HAQ with almost the same psychometric characteristics
(26). In addition, the patient global was 4.6 (2.6) in this clinical cohort, 3.6 (2.5) in the
current study, and ~6.3 (~1.8) in the UK report. These differences in results suggest that
progression results may be related to demographic, severity, and treatment opportunities in
different study cohorts.
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One of the limitations of this report is that survey participants generally have higher
socioeconomic levels and more education (27), factors that are associated with better health.
We believe that patients in this cohort have, on average, received close to optimum
specialist care. In a setting of a stable cohort, such as is seen here, the effect of biologic
therapy may be less than seen in randomized clinical trials and in settings where treatment is
restricted by severity criteria because there is less room for improvement. It should be noted,
however, that our study did not measure HAQ at clinical start of therapy, so this study was
not intended to show a HAQ treatment effect, but rather the impact on progression of
disability in biologic treated patients. One advantage of our regular semi-annual assessments
is that they are less responsive to short-term HAQ fluctuations that may be noted when
assessments are caused by clinical exigencies.

Although we classified patients by severity, this classification was based on patient report,
as physician data were not available. It is possible that study results in moderate to severe
RA patients might have been different if the cohort was classified according to DAS
(Disease Activity Scale) measures (28). However, we have recently reported that rates of
progression noted here are similar in a contemporary cohort of clinic patients (12).

In summary, in a cohort of RA patients participating in a questionnaire-based, longitudinal
RA outcome study, age and comorbidity have a stronger effect on HAQ progression than
biologic treatment. There is little difference between individual biologics. Patients with
more severe RA progress less than those with less severe RA, a possible function of
regression to the mean.
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Figure 1.
Annual rate of progression according to treatment status in all patients. “All” indicates a
biologic treatment regardless of the use of MTX, while “+ MTX” indicates a biologic
treatment together with the use of MTX. Vertical lines represent non-biologic treatment with
or without DMARD treatment (0.018) and no biologic treatment with DMARD treatment
(0.018).
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Figure 2.
Annual rate of progression according to treatment status in patients entering cohort with
moderate to severe RA. “All” indicates a biologic treatment regardless of the use of MTX,
while “+ MTX” indicates a biologic treatment together with the use of MTX. Vertical lines
represent non-biologic treatment with or without DMARD treatment (0.008) and no biologic
treatment with DMARD treatment (0.010).
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Table 1

Patient entry characteristics with associated mean (SD) HAQ scores and multivariable rates of HAQ
progression.

Patient characteristics

Predictor Percent HAQ mean (SD) Annual rate of HAQ Increase or decrease (−)# Difference

Overall 100 1.06 (0.73) 0.014 (0.012, 0.015)

Age group

 < 40 years† 7.0 0.87 (0.69) −0.006 (−0.014, 0.002)

 40–64 years 55.7 1.05 (0.71) 0.006 (0.004, 0.007) 0.012 (0.004, 0.020)*

 ≥ 65 years 37.3 1.12 (0.75) 0.031 (0.028, 0.034) 0.037 (0.029. 0.046)*

Male gender 23.3 0.79 (0.69) 0.015 (0.011, 0.019) 0.001 (−0.003, 0.005)

Female gender† 76.7 1.14 (0.72) 0.014 (0.012, 0.057)

College education (+) 26.3 0.83 (0.69) 0.012 (0.009, 0.015) −0.002 (−0.006, 0.001)

College education (−)† 73.7 1.14 (0.72) 0.015 (0.004, 0.066)

Smoking category

 Never smoked † 47.2 1.03 (0.73) 0.013 (0.011, 0.016)

 Past smoker 38.7 1.06 (0.72) 0.016 (0.013, 0.018) 0.002 (−0.001, 0.006)

 Present smoker 14.1 1.18 (0.70) 0.011 (0.005, 0.016) −0.003 (−0.008. 0.003)

Body mass index > 30 28.7 1.22 (0.70) 0.014 (0.011, 0.018) 0.001 (−0.003, 0.005)

Body mass index ≤ 30† 71.3 0.99 (0.72) 0.014 (0.012, 0.016)

Comorbidity

 Heart disease (+) 8.1 1.30 (0.73) 0.024 (0.017, 0.032) 0.009 (0.005, 0.013)*

 Heart disease (−)† 1.04 (0.72) 0.013 (0.011, 0.015)

 Hypertension (+) 31.3 1.12 (0.72) 0.021 (0.018, 0.024) 0.010 (0.006, 0.014)*

 Hypertension (−)† 1.00 (0.72) 0.011 (0.009, 0.013)

 Lung disease (+) 11.5 1.32 (0.71) 0.016 (0.010, 0.023) 0.004 (−.004, 0.012)

 Lung disease (−)† 1.03 (0.72) 0.014 (0.012, 0.015)

 Psychiatric illness (+) 14.8 1.40 (0.69) 0.011 (0.005, 0.016) −0.004 (−0.010, 0.002)

 Psychiatric illness (−)† 1.00 (0.72) 0.014 (0.012, 0.016)

 GI illness (+) 15.7 1.34 (0.70) 0.012 (0.007, 0.016) −0.001 (−0.006, 0.004)

 GI illness (−)† 1.01 (0.72) 0.014 (0.012, 0.016)

 Endocrine (+) 19.3 1.22 (0.72) 0.019 (0.015, 0.023) 0.006 (0.001, 0.011)*

 Endocrine (−)† 1.02 (0.72) 0.013 (0.011, 0.015)

 Comorbid conditions

  0† 27.2 0.81 (0.69) 0.009 (0.006, 0.011)

  1 27.1 0.98 (0.69) 0.012 (0.009, 0.015) 0.003 (−0.001, 0.007)

  2 21.6 1.13 (0.71) 0.019 (0.015, 0.023) 0.010 (0.006, 0.015)*

  3 12.8 1.27 (0.70) 0.023 (0.017, 0.029) 0.014 (0.008, 0.021)*
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Patient characteristics

Predictor Percent HAQ mean (SD) Annual rate of HAQ Increase or decrease (−)# Difference

  4 or more 11.5 1.50 (0.69) 0.021 (0.015, 0.028) 0.012 (0.005, 0.020)*

Year of RA onset

 Quartile 1 (<1975) 28.7 1.28 (0.74) 0.017 (0.015, 0.020) 0.007 (0.001, 0.014)*

 Quartile 2 (1975–1989) 25.1 1.10 (0.70) 0.012 (0.009, 0.016) 0.002 (−0.004, 0.009)

 Quartile 3 (1990–1995) 27.0 0.94 (0.69) 0.012 (0.009, 0.015) 0.003 (−0.004, 0.009)

 Quartile 4 (>1996)† 19.2 0.86 (0.69) 0.010 (0.004, 0.016)

Moderate or severe RA (+) 52.2 1.54 (0.58) 0.003 (0.001, 0.006) −0.017 (−0.021, −0.014)*

Moderate or severe RA (−)† 47.8 0.62 (0.54) 0.021 (0.019, 0.023)

†
Comparison group

*
Statistically significant (p<0.05)

#
Each non-“Overall” predictor was adjusted for baseline HAQ score, age, sex, education, smoking, BMI, comorbidity, RA onset and RA severity.
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Table 2

Annual rates of progression of HAQ by treatment*

Treatment HAQ Rate/year P-value†

All Patients

Infliximab All 0.006 (0.001, 0.010) 0.012

Infliximab + MTX 0.007 (0.002, 0.012) 0.003

Infliximab − MTX 0.011 (0.006, 0.016) <0.001

Etanercept All 0.007 (0.003, 0.010) <0.001

Etanercept + MTX 0.004 (−0.000, 0.009) 0.062

Etanercept − MTX 0.009 (0.003, 0.014) 0.001

Adalimumab All 0.010 (0.003, 0.017) 0.003

Adalimumab + MTX 0.006 (−0.003, 0.015) 0.186

Adalimumab − MTX 0.015 (0.005, 0.024) 0.002

No biologic, DMARD (+/−) 0.018 (0.016, 0.020) <0.001

No biologic, DMARD (+) 0.018 (0.016, 0.021) <0.001

Patients with Moderate to Severe RA

Infliximab All −0.003 (−0.009, 0.003) 0.361

Infliximab + MTX −0.001 (−0.008, 0.006) 0.740

Infliximab − MTX −0.000 (−0.008, 0.007) 0.937

Etanercept All −0.004 (−0.009, 0.001) 0.130

Etanercept + MTX −0.005 (−0.012, 0.001) 0.110

Etanercept − MTX −0.003 (−0.010, 0.005) 0.495

Adalimumab All 0.006 (−0.004, 0.015) 0.262

Adalimumab + MTX −0.003 (−0.018, 0.011) 0.671

Adalimumab − MTX 0.012 (−0.002, 0.025) 0.093

No biologic, DMARD (+/−) 0.008 (0.005, 0.012) <0.001

No biologic, DMARD (+) 0.010 (0.005, 0.014) <0.001

*
Adjusted for baseline HAQ score, age, sex, education, smoking, BMI, comorbidity, and RA onset.

†
P-value is for the null hypothesis that the HAQ rate per year is 0.

DMARD (+/−) = with or without DMARD use, DMARD (+) = with DMARD use
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