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Rheumatoid arthritis (RA) is chronic and is associated with
increasing difficulty in functional ability as indicated by the
performance of activities of daily living (ADL)1-3. With new
and promising biological therapies such as infliximab and
etanercept4,5, it is likely that difficulties in functional ability
will stabilize in existing patients and that future patients will
experience less difficulty in ADL and ultimately less
disability over time. Therefore, it is important to establish
reliable baseline estimates of the way in which functional
ability changes prior to widespread use of new therapies.
This will enable the tracking of improvements with new
therapies, contributing to the validation of their efficacy and
effectiveness. This study estimates the rate of change in

functional ability among patients with RA, under the care of
a rheumatologist, but not receiving any of the new biolog-
ical therapies during a 6-year period from 1992 to 1997.

Studies have reported that limitation in ADL among RA
patients is slow to develop1, does not change in a linear
fashion over time1,3, is reported at higher levels among
women6,7, and changes at different rates for men and
women1. However, several factors limit our confidence in
these findings. First, most samples are drawn from well
studied clinic populations and may not be representative of
RA patients generally. Second, measurement models used
have not been appropriate for ordinal data8. This study
addresses limitations in samples, using patients from a
national panel, and uses the Rasch measurement model9 to
transform the nonlinear ordinal Likert scores into linear
interval measures. It also uses a mixed-effects statistical
model for analyzing changes over time, a more appropriate
statistical model for longitudinal data. These refinements
should improve estimates of how limitations in functional
ability change over time in patients with RA. 

MATERIALS AND METHODS
Sample. Subjects were drawn from The National Rheumatoid Arthritis
Study, a prospective cohort study with followup interviews each year for 10
years between 1988 and 199710. Participants were patients who had been
diagnosed with classical or definite RA11, and were under the care of one
of 56 physicians of 116 randomly selected board certified rheumatologists
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ABSTRACT. Objective. To estimate the rate of change in functional limitations for patients with rheumatoid
arthritis (RA) as a function of age, duration of illness, and sex.
Methods. Patients with RA (n = 700) aged 21–65 years in 1988 were interviewed yearly for 6 years
in The National Rheumatoid Arthritis Study. Functional limitations scores based on a Rasch
measurement model of 20 Health Assessment Questionnaire items were analyzed in mixed-effects
models to estimate the rate of change in functional ability as a function of age, duration of illness,
sex, and interactions.
Results. Models for both patient age and duration of illness significantly predicted limitations in
functional ability for men and women. The model for age included a significant cubic effect; the
model for duration of illness included a significant linear effect only. Sex was significant in both
models and no interactions were significant in either model. The AIC index of fit, an indicator of the
information value of the model, favored the model for duration of illness over the model for age.
While both models showed higher levels of functional limitations in women than men, the rate of
change for women was similar to men.
Conclusion. Limitation in functional ability in RA progressed in a linear manner with duration of
illness and progressed at the same rate for both men and women, but functional limitations were
greater for women. (J Rheumatol 2004;31:1286–92)
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who were members of the American College of Rheumatology in 1987.
Data from the first 4 years of the study were not analyzed because inter-
views included only 13 of the 20 Health Assessment Questionnaire (HAQ)
items, while the remaining 6 years used the 20-item HAQ12. Participants
were interviewed on the telephone for these 6 years, answering the 20-item
HAQ. Seven hundred of the original 988 study participants, 551 women
and 149 men, completed at least one interview between the fifth and tenth
years of the study.

Measures. There are numerous scales to measure functional ability,
including the Activities of Daily Living (ADL), Instrumental Activities of
Daily Living (IADL)13, and the HAQ12, each of which combines responses
into a single measure of functional ability. The HAQ was first introduced
by Fries in 1980, and was developed specifically to study rheumatology
outcomes. Test-retest reliability of the HAQ has been studied, with
resulting correlations ranging from 0.87 to 0.96. Studies have also shown
that the HAQ is sensitive to change in patients’ functional ability14,15.
Administration of the HAQ by telephone interview has been validated in
several studies14. Subjects were asked how often they have difficulty
performing a series of tasks of daily living, each with the following
possible responses: “with no difficulty,” “with some difficulty,” “with
much difficulty,” and “unable to do.” These answers were coded 0, 1, 2, and
3, respectively. Because these responses are ordinal, there is no metric for
judging the distance between responses, although equal intervals are often
assumed. Further, the ordinal nature of the responses does not lend itself to
algebraic manipulation, a prerequisite for many statistical analyses, even
for summary measures such as means8.

Measurement model. The ordinal nature of the HAQ scales was addressed
by fitting a Rasch model9 to estimate functional status, item difficulty, and
distance between response categories on the same interval scale16. Equation
1 models patient responses to the 20 HAQ items to estimate a patient’s
functional limitation status, the difficulty of each HAQ item, and the
distance between response categories. There are 4, or k, categories of
responses to each HAQ item, and the model estimates the probability that
the patient will respond to category k rather than level k-1 to item i where:

log
Pnik = Bn – Di – Fk

Pnik–1

where Pnik = probability of Patient n choosing functional status level k on
item I; Pnik-1 = probability of Patient n choosing functional status level k–1
on Item I; Bn = functional ability level of Patient n; Di = difficulty level of
Item I; Fk = difficulty of choosing functional status Level k relative to Level
k–1.

The equation estimates the log-odds that a patient with functional
ability Bn will choose functional status Level k rather than functional ability
Level k–1 on an Item with Difficulty Di. Equation 1 is the partial credit
version of the Rasch model developed by Andrich17. The Rasch model esti-
mates the functional limitations of each person, Bn, and the difficulty of
each item, Di, and the distances between each response category, Fk, and
relates these estimates to the same logit scale. A summary of the analyses
for the first study year is shown in Figure 1. Figure 1 shows the logit scale
in column 1, the distribution of patients in column 2, the distribution of
items in column 3, and the distances between Likert scale categories in
column 4, where the width of the interval within each category is indicated
by the broken lines. Patients with positive logit scores have more functional
limitations. Items with positive logit scores are the most difficult to
perform. The threshold for logit positive scores is about halfway between
response category 1 and response category 2.

The Rasch model assumes that the item responses are influenced by a
single construct, or underlying variable — in this case, functional ability. If
this assumption is true, there should be no meaningful correlation among
item residuals after a Rasch model is fit, an assumption that can be tested
by performing a principal components analysis (PCA) on the residuals after

fitting a Rasch model18. If there is meaningful covariation in the residuals,
the Rasch model is inappropriate. The PCA found 3 components, which
accounted for a total of 19.85% of the variance where a meaningful PCA
would be expected to account for 75% of the residual variance. Therefore,
since the PCA found no meaningful structure in the residuals, it is fair to
infer the presence of a single underlying variable: functional ability. If the
Rasch model fits, the Rasch estimates of each subject’s functional ability
are interval-scale measures of overall functional ability and can be
compared meaningfully from subject to subject, as well as within the same
subject over time. 

This study uses data from a national sample of RA patients and a Rasch
model to ascertain how self-reports of functional ability limitations in ADL
change over time for men and women with RA. We have reported that the
HAQ items fit the Rasch measurement model19.

For each year of data, the Rasch model was fit to the HAQ data using
the FACETS program20. The Rasch estimates of reliability for the 20-item
HAQ ranged from 0.91 to 0.99, consistent with previous applications of the
Rasch model to the HAQ and other sets of ADL and IADL items19. The
outfit mean-square is an outlier-sensitive mean-square fit statistic; it has an
expectation of 1. Values substantially less than 1 indicate dependency in the
data, while values substantially greater than 1 indicate the presence of
outliers. A value greater than 2.0 indicates a potential outlier. The infit
mean-square statistic is similar to outfit mean-squares, except a value
substantially greater than 1, or larger than 2.0 indicates noise. All items had

[ [ Figure 1. Distribution of RA patients, functional status scores, item diffi-
culties, and distances between response categories, on the Rasch logit
scale. Data are from Time 1.
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infit and outfit mean-squares of at least 0.7 and less than 2.0. “Take a bath”
had the highest statistics, with outfit and infit mean-squares of 1.9. “Getting
in and out of a car” had the lowest statistics, with infit and outfit mean-
squares of 0.7. Infit and outfit values of 0.7 and 1.9 are acceptable values,
therefore all items may be used.

Statistical analyses. The Rasch measure of functional ability was the main
dependent variable in this study, with patients measured yearly over a 6-
year period. Subjects with higher scores signify more limitations in func-
tional ability. To estimate rates of change in functional ability over time, we
fit linear, quadratic, and cubic mixed effects models using Proc Mixed in
SAS21. Mixed effects models contain both fixed effects and random effects.
Fixed effects assess the influence of the usual grouping variables such as
sex or race or experimental factors that apply to the entire population.
Random effects are associated with individuals drawn at random from a
population, and allow a different rate of change for each patient over time,
rather than assuming each person’s change in functional ability is the same
from year to year22. Mixed effects models allow fixed effects and random
effects to be included in the same model. In this study, age, duration of
illness, and sex were considered fixed effects, while age and duration of
illness were also considered random. Modeling a single effect such as dura-
tion of illness as both fixed and random fits an overall fixed effect as well
as an individual adjustment to the fixed effect. Both the fixed and random
portions of the model contain an intercept, the point at which the function
crosses the y-axis, reflecting the level of functional ability when initially
diagnosed.

Because men and women report different levels of functional ability
limitations and are thought to change at different rates over time1,6,7, sex
was an important covariate in this analysis. Also, since functional ability
decreases over time, age at each interview as well as duration of illness
were also included. Duration of illness was defined as the year of the inter-
view minus the year of diagnosis. To test for nonlinear effects, quadratic
and cubic terms were used in the statistical models for both age and dura-
tion of illness. And because of reports that men and women change at
different rates, all interaction terms were also included in both models.
Since there were only 22 non-white women and 5 non-white men, race was
not used as a covariate.

Because age and duration of illness are correlated both statistically and
conceptually, we tested separate models and then compared whether the
model for age or duration of illness was better. The model for age estimates
the effects of age, age squared, age cubed, sex, and the interactions between
these effects. Nonsignificant terms are successively removed, starting with
the largest p-values in the highest order interactions, until all terms
remaining are significant at p ≤ 0.05 level of significance. A similar model
was tested for duration of illness, duration of illness squared, duration of
illness cubed, sex, and all the interactions betweens these effects. The inter-
action between sex and duration of illness reveals whether the rate of
change for RA disability is different for men and women. Again, nonsignif-
icant terms were successively removed until all remaining terms were
significant. The best model containing age was then compared to the best

model containing duration of illness, using Akaike’s Information Criterion
(AIC). AIC is a fit index reflecting goodness of fit, which rewards parsi-
mony by penalizing for overparamaterization23. The model with the smaller
AIC is better.

RESULTS
Table 1 contains summary statistics describing the 551
women and 149 men who participated in the study, as well
as the 210 women and 78 men who were excluded because
of missing data. Data were missing on those 288 patients
since they were lost to followup, died, or dropped out before
the fifth year of the study. Most participants identified them-
selves as white, and the average age of the 551 women was
54.3 years at the fifth year, ranging from 29 to 68. Of these
551 women, 332 had complete data, that is, had completed
all 6 interviews between the fifth and tenth years of the
study. The average age for men was 55.0, also with a range
of 29 to 68. Of these 210 men, 73 had complete data. At the
fifth year, the mean duration of illness was 14.2 years for
women and 14.1 years for men, with maximum values of 35
and 46 years of illness, respectively. Table 2 displays the
number of participants that completed all the interviews and
any fewer number of interviews by sex. All interviews were
completed by 332 women and 73 men, while 218 women
and 76 men completed only 5 or fewer interviews.
Therefore, 551 women and 149 men were included in the
analyses.

Table 3 displays the means and standard deviations of
Rasch person scores by sex and duration of illness at Time
1 (year 5), with higher scores reflecting higher functional
limitations. All the means for person measures have nega-
tive signs, suggesting a higher level of functional ability
than might be expected from items with a mean of zero. The
standard deviations for the person scores are large, however,
relative to the means, suggesting a great deal of spread in
levels of functional limitations. Neither the skewness, which
varies from –0.976 to –0.206 for the 6 time points, nor the
kurtosis, which varies from –1.312 and –0.051, is extreme.
Functional limitations scores for women are consistently
higher than for men, suggesting a higher level of functional
limitations among women.

The Journal of Rheumatology 2004; 31:71288

Table 1. Summary statistics by sex of participants included and not included in the analyses.

Included in Analyses Not Included in Analyses*
Women Men Women Men

N 551 149 210 78
White 493** 134 167** 70
Black 29** 8 19** 5
Age at year 5 54.3 (9.9)† 55.0 (9.1)† 55.0 (10.6)† 55.8 (8.6)†

Duration of RA at year 5 14.2 (8.7)† 14.1 (9.2)† 14.4 (8.9)† 13.2 (7.7)†

Total no. of joint flares past month 1.00 (1.3)† 0.88 (1.4)† 1.01 (1.2)† 1.15 (1.5)†

Total no. of joint flares past year 1.92 (1.5)† 1.79 (1.6)† 1.88 (1.4)† 1.97 (1.6)†

* Lost to followup, died, or dropped out of the study before year 5. ** Cases included in the analyses and not
included in analyses are significantly different, p < 0.05. † Mean (standard deviation).
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Estimates from the best-fitting statistical model, the
model featuring duration of illness, are shown in Table 4.
The mixed effects modeling began with the Rasch score as
the dependent variable and duration of illness, sex, and all
interactions as the fixed effects. Duration of illness was also
fit as random, providing each patient an individual intercept
and slope. Models were also fit using age in place of dura-
tion of illness. These models were reduced as previously
described, and compared using AIC. According to AIC, the
model that best predicted functional limitations included an
intercept, duration of illness, and sex as fixed effects, with
no significant interactions. Those estimates are shown in
Table 4. The model also included duration of illness, as well
as an intercept, as random effects. The effect of sex on func-
tional limitations shows an estimated effect of –1.23 units
for men and zero for women, suggesting that women will
score 1.23 Rasch units higher than men on average, indi-
cating worse functional limitations for women given the
same duration of illness. The model also suggests that func-
tional limitations advance over time at about the same rate
for men and women, since there were no significant interac-
tions between sex and the duration of illness terms. There is
a significant, positive effect for duration of illness, which
would imply that functional limitations increase with dura-
tion of illness. In addition, neither the squared nor the cubic

terms were statistically significant, suggesting no evidence
of nonlinear changes in functional limitations associated
with duration of illness.

The linear effect of duration of illness is seen in Figure 2,
with duration of illness on the x-axis and estimated effects
in Rasch score units on the y-axis. The left graph shows the
mean functional limitations scores for men and women
predicted by the fixed effects part of the model. The right
side plots the estimates of mean functional limitations
predicted by the fixed and random effects together for men
and women. The sample size is somewhat small for men (n
= 149), which adds to the variation for the fixed and random
graph. Both graphs show a higher level of functional limita-
tions for women than men, and also show that the rate of
change is the same for men and women. In Figure 2, the
horizontal line at –2 logits represents the level of functional
limitation, which coincides with the transition from cate-
gory 0 to category 1 on the Likert Scale, as shown in Figure
1, or having some difficulty on HAQ items. The level of –1
logit corresponds to the midpoint of category 1 on the Likert
Scale, having some difficulty with 6 or more of the HAQ
items. Women reach the –2 logits level of functional limita-
tions by a duration of illness of about 10 years, a level
reached by men at about 34 years’ duration.

Fixed effects estimates of the best-fitting model for age
as a predictor of functional limitations are shown in Table 5.
This model had a higher AIC, 10,480, than the AIC for dura-
tion of illness, 10,429, and therefore does not fit the data as
well. However, since there was not much difference in the
AIC of both models, we find it important to present the
results of this model as well. In this model, the effect of sex
on functional limitations shows men with a functional limi-
tations level 1.25 units lower than women of the same age,
similar to the estimate of –1.23 from the duration of illness
model. Table 5 also shows that the cubic term for age is
statistically significant. Even though the linear and
quadratic effects for age are not statistically significant, it is
customary to retain a nonsignificant lower-order effect if a
higher-order effect is statistically significant. The nonlinear
effects of age can be seen in Figure 3. The cubic effect of
age is seen as functional limitation increases, levels off, then
increases again as age increases. It is interesting that women
reach the –2 logit level of functional limitations at about age
47, whereas men do not approach it until after age 70.

DISCUSSION
Our analysis of functional ability among patients with RA
builds on previous studies by using the Rasch model to esti-
mate functional limitation levels and mixed effects
modeling to assess changes in functional limitations over
time. Further, it uses a sample of patients drawn from a
national random sample of rheumatology practices, which
may be more representative of RA patients than previously
studied patients who were recruited from university prac-

Table 2. Number of interviews completed, by sex.

All 6 years 5 years 4 years 3 years 2 years 1 year

Women 332 45 33 26 53 61
Men 73 12 15 8 14 27

Table 3. Means and SD of Rasch person scores at Time 1 by sex and dura-
tion of illness. The reader may use column 4 of Figure 1 to relate these
Rasch scores to a corresponding Likert scale category.

Duration of Illness, yrs N Mean SD

Women 4–7 137 –2.49 1.88
8–11 126 –1.88 1.78

12–18 145 –1.83 1.99
> 18 143 –1.33 2.12

Men 4–7 39 –3.76 2.50
8–11 34 –3.42 2.37

12–18 36 –2.44 1.99
> 18 40 –2.62 2.29

Table 4. Fixed effects estimates for duration of illness and sex as predic-
tors of limitation in functional ability.

Effect Estimate p

Intercept –2.5702 < 0.0001
Duration of illness 0.0532 < 0.0001
Men –1.2311 < 0.0001
Women 0

Sheehan, et al: Functional change in RA 1289
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tices. Our results support some of what has been reported in
earlier studies, and is contrary if not contradictory to find-
ings from other studies. In any case, our findings provide a
clearer picture of the progression of functional limitations
among these patients.

The minimum clinically meaningful difference in HAQ
scores is of some dispute in the literature. Bruce and Fries
discuss this discrepancy in figures and cite a range from
0.10 to 0.22 Likert units as being reported in the literature14.
However, since these figures are based on arithmetic manip-
ulation of ordinal data, they cannot be easily compared to
the logit scores. Felson, et al report that in the American
College of Rheumatology outcome measures for RA, a
change of 20% is clinically meaningful24. Calculating 20%
of the least-square mean of women, since they are the refer-
ence group in the mixed models, would be the clinically
meaningful difference in our sample. The least-square mean
of women in the mixed model that included duration was
–1.6975. The absolute value of 20% of this mean is 0.338.
The mixed model found that men had 1.23 logits more func-
tional ability than women; this is more than 3 times the

The Journal of Rheumatology 2004; 31:71290

Figure 2. Estimated effects by duration of illness for men and women, fixed effects on the left, fixed effects plus random effects on the right.

Figure 3. Estimated effects by age for men and women, fixed effects on the left, fixed effects plus random effects on the right.

Table 5. Estimates for age and sex as predictors of limitation in functional
ability.

Effect Estimate p

Intercept –1.9083 < 0.0001
Age 0.0178 0.0593
(Age)2 –0.0004 0.4475
(Age)3 0.0001 0.0086
Men –1.2452 < 0.0001
Women 0
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minimum clinically meaningful difference of 0.338.
Therefore, women not only have statistically significantly
more functional limitation than men, but also clinically
significantly more functional limitation.

RA functional limitation estimated from duration of the
patient’s illness described by the graphs in Figure 2
progresses in a linear manner and reaches a level where
women experience some difficulty with the harder day-to-
day activities at about 18 years’ duration. This finding runs
counter to the generally held belief that RA patients experi-
ence serious declines in functional ability in the early years
of arthritis, with tapering levels of functional limitations as
disease duration increases6,7. The study also finds that dura-
tion of illness is a better predictor of functional limitations
than age, a finding that runs counter to Wolfe3, who
concluded that “the data of this study suggest duration of
disease is only weakly related to HAQ score...”, perhaps due
to the small sample of 50 patients in the longitudinal
analysis that led to this conclusion. Our results concur with
Leigh1 and Wolfe3, who also found that functional limita-
tions are slow to develop. More longitudinal studies with
extensive periods of observation are needed to determine
whether it is, in fact, slow to develop and to identify factors
aside from disease duration, age, and sex that influence
longterm outcomes among arthritis patients.

Our results also reveal a significant sex effect on func-
tional limitation levels. The graph in Figure 2 shows men
lagging 1.23 Rasch units behind women in overall levels of
functional limitations, but limitations progress at the same
rate for men and women. Typically, the age of onset of RA
is between the ages of 20 and 4525, with peak incidence
between the fourth and sixth decade26, which suggests that
many men with RA will have difficulty by their early seven-
ties, and women by their early sixties. The finding of worse
functional limitations in women is consistent with the work
of Sherrer, et al6 and Wiles, et al7. However, Leigh, et al1

found sex variation in the rate of change, a finding inconsis-
tent with our observation that women and men progress at
about the same rate. These inconsistencies among studies
regarding effect of sex point to the need for more focused
longitudinal studies on sex differences and the underlying
mechanisms that account for these differences, if they exist.
The question remains whether there is some underlying
biological difference based on sex or whether the greater
limitations women experience are associated with social
roles or willingness to report activity limitations, or possibly
because of bias in the HAQ activities, which may be more
sensitive to functional limitations in women than in men.

Women have more distress over health problems and are
more likely to report chronic diseases than men. They are
also more likely to rate their health as being slightly worse
than men27,28. This may account for some of the difference
we found between men and women and their functional
limitations. However, there is more than 3 times the minimal

clinically meaningful difference between sexes, as found in
the mixed model including duration of disease.

Biases can play a role in interpreting the results of a
study. Selection bias in this study was minimized by the
random selection of rheumatologists. However, there may
be a sampling bias, as those RA patients who saw a rheuma-
tologist were the only patients eligible for our study.
Measurement bias was minimized by all patients being
interviewed using the same protocol and interviewed by
trained interviewers following a script. What role might
attrition bias have had on these findings? As noted, this
study dealt with the last 6 years of followup in a 10-year
study, because the 20-item HAQ was available only for
those years. This study effectively began at year 5, with 700
patients. There were complete data on 402 patients for all 6
years of followup. However, our mixed model was able to
accommodate whatever responses were available from all
700 patients, with 332 women responding to all 6 interviews
and 209 women to 5 or fewer interviews (Table 2). It also
appears from Table 1 that the 700 patients participating in
this study were similar to the 288 patients who were lost to
followup by year 5. There were 552 (55.9%) patients who
had either refused to continue the study, died, or were lost to
followup. Although employing a different model than
Leigh, et al1, Reisine, et al29 studied the difference between
the participants who remained in the study the entire 10
years and those that did not. They found that participants
were more educated, female, had moderate to high levels of
social support, had fewer joint groups with flares, and were
employed. Disease stage, level of pain, HAQ score, and
duration of RA were not significantly different between
participants completing the study and those not completing
the study.

Finally, because of the sample and methods, our study
offers a baseline or benchmark for comparison of future
studies of functional limitations over time, especially to
determine whether or not new treatments alter or extend the
trajectories of functional limitations in patients in general
and for women in particular. Participants in The National
Rheumatoid Arthritis Study are relatively young, ranging in
age from 21 to 65 years at the beginning of the study. The
followup period spans 10 years, allowing the study of
patients between the ages of 21 and 74. Functional limita-
tions increase in the general population with age, and people
with RA are likely to display more functional limitations
beyond age 75, a limitation of this study, unless followup is
resumed. One advantage of using the Rasch model is that as
more ADL/IADL or HAQ research is reported on the Rasch
metric, comparisons can be made across studies and across
populations.
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