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Muscle strength, pain, and disease activity explain
individual subdimensions of the Health Assessment
Questionnaire disability index, especially in women
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Objective: To study the extent to which muscle strength and performance, pain, and disease activity are
associated with the total Health Assessment Questionnaire (HAQ) disability index and its subdimensions in
male and female patients with rheumatoid arthritis.
Methods: HAQ for functional capacity was completed by 135 patients with rheumatoid arthritis referred
for orthopaedic surgery (74% women; mean (SD) age 62 (10) years; disease duration 19 (13) years, 70%
positive for rheumatoid factor). Knee extension, trunk extension and flexion, grip strength, walking speed,
and sit-to-stand test were measured to mirror physical function. Radiographs of hands and feet, pain, and
the modified 28 joint disease activity score (DAS28) were also assessed.
Results: Mean total HAQ was 1.08 (0.68) in women and 0.67 (0.70) in men (p = 0.0031). Women had
greater disability than men in five of the eight subdimensions of the HAQ. Grip strength was 48%, knee
extension strength 46%, trunk extension strength 54%, and trunk flexion strength 43% lower in women than
in men. Knee extension strength was inversely correlated with walking time (r = 20.63 (95% confidence
interval, 20.73 to 20.51)) and with sit-to-stand test (r = 20.47 (20.60 to 20.31)). In an ordered logistic
regression analysis in female rheumatoid patients, DAS28, pain, knee extension strength, and grip
strength were associated with the total HAQ disability index.
Conclusions: Women reported greater disability than men both in the total HAQ and in the majority of its
eight subdimensions. In addition to disease activity and pain, muscle strength has a major impact on
disability especially in female rheumatoid patients.

A
fter reaching a peak in early adult years, skeletal
muscle gradually declines beginning at about 45
years.1–4 Linked to the age related decrease in muscle

mass, which is commonly referred sarcopenia, is a reduction in
muscle strength.5–9 Rall and Roubenoff10 have reported that
inflammation in rheumatoid arthritis leads to loss of metabo-
lically active tissue, and fat mass tends to increase. This
situation, termed ‘‘rheumatoid cachexia’’, may aggravate the
condition and lead to physical inactivity, diminished strength,
and decreased functional status. Muscle weakness is a common
sign in rheumatoid arthritis. Compared with healthy controls,
reductions of 25–50% in muscle strength in rheumatoid patients
in American Rheumation Association (ARA) functional class II
have been found.11–13 In more severe rheumatoid arthritis,
reductions in muscle strength of up to 70% have been reported.14

Muscle weakness is usually considered to be a result of disuse
atrophy, because patients’ normal activities are impeded by
systemic inflammation as well as by joint pain and by the
damage characteristic of rheumatoid arthritis.

Several studies have show that the total HAQ score reflects
disease activity, and is associated with pain, swollen and
tender joint counts, and laboratory measures mirroring
inflammatory activity.15–17 To a lesser extent, the HAQ is also
associated with radiographic damage of joints.15 16 18 19 While
associations of various clinical variables with HAQ have
usually been reported, little is known about the influence of
muscle performance on the HAQ. Stucki et al have reported a
significant correlation between HAQ and muscle strength
index measured by a hand held pull gauge.20 As the HAQ
assesses fine movements of the upper extremities, locomotor
activities of the lower extremities, and activities involving
both the upper and lower extremities and the trunk, the

contributions of the different muscle groups to physical
function measured by the HAQ need to be studied separately.

Our aim in this study was therefore to explore in more detail
the associations of muscle strength and muscle performance
measured by walking speed and sit-to-stand tests with the total
HAQ disability index and its subdimensions in male and female
patients with longstanding rheumatoid arthritis.

METHODS
From among 194 patients with rheumatoid arthritis who had
been referred to the waiting list for orthopaedic surgery at
Jyväskylä Central Hospital, serving a population of 265 000,
135 volunteered for the present study and were referred to a
physiotherapist for measurement of physical function. The
mean (SD) age of the patients was 62 (10) years and 100
(74%) of them were female. At the check up visit 82% of the
patients were being treated with disease modifying antirheu-
matic drugs (DMARDs). Low dose prednisolone was
employed in 42% and pain relieving drugs (at least once or
twice a week) in 73%. Of the women, 28% were waiting for
upper extremity surgery, 58% for lower extremity surgery,
and 14% for other surgery. In men the corresponding figures
were 37%, 43%, and 20%. However, not all the surgical
interventions were for rheumatoid arthritis.

Functional status in the activities of daily living was assessed
by the Finnish version of the HAQ,21 which included 20
questions in eight subdimensions: (1) dressing and grooming,
(2) arising, (3) eating, (4) walking, (5) hygiene, (6) reach, (7)

Abbreviations: ARA, American Rheumation Association; DAS28, 28
joint disease activity score; HAQ, Health Assessment Questionnaire;
VAS, visual analogue scale
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grip, and (8) common daily activities. The response alternatives
were 0 = able without any difficulty, 1 = able with some
difficulty, 2 = able with much difficulty, and 3 = unable. The
highest response within each subdimension was used as a score
for that function and the total HAQ score ranged from 0 to 3.

Maximum walking speed was measured by light cells over
a distance of 10 m. Chair rise time (s) was measured using a
43 cm high chair with five repetitions.22 The maximum
unilateral isometric strength of the knee extensors was
measured using a David 200 dynamometer (Outokumpu,
Finland).23 Maximum isometric forces of the trunk flexors
and extensors were measured by an isometric strain gauge
dynamometer.24 A Jamar standard dynamometer was used to
measure isometric grip strength.25 The means for knee
extension and grip strength on the right and left side were
taken for the subsequent analysis.

Erosions in radiographs of hands and feet were analysed by
TS without knowledge of the identity of the patients at the
time of reading. Overall pain was assessed on a 100 mm
visual analogue scale (VAS).26 The modified 28 joint disease
activity score (DAS28)—including 28 tender and swollen
joint counts, patient’s self report global status on VAS, and
the erythrocyte sedimentation rate (ESR)—was used to
evaluate clinical disease activity.27

The ethics committee of Jyväskylä Central Hospital
approved the study, and the patients participating gave a
written informed consent.

Statistical methods
Variables with a normal distribution were expressed as mean
(SD); statistical comparisons between the measures or groups
were done using the t test and analysis of variance (ANOVA).

Table 1 Demographic variables and clinical and radiographic characteristics of 135
patients with rheumatoid arthritis

Variable Male (n = 35) Female (n = 100) p Value

Demographic variables
Age (years) (mean (SD)) 62 (11) 61 (10) 0.71
RF present (%) (mean (SD)) 25 (71) 70 (70) 0.99
Duration of disease (years) (mean (range)) 19 (0 to 54) 19 (1 to 50) 0.95

Measures of disease activity
ESR (mm/h) (median (IQR)) 17 (8 to 37) 18 (10 to 31) 0.76
Swollen joint count (28) (median (range)) 0 (0 to 10) 0 (0 to 14) 0.25
Tender joint count (28) (median (range) 0 (0 to 8) 0 (0 to 14) 0.085
Patient’s overall assessment (VAS) (median (IQR)) 33 (19 to 51) 48 (31 to 58) 0.010
Pain (VAS) (median (IQR)) 31 (18 to 62) 55 (33 to 70) 0.006
Morning stiffness (median (IQR)) 59 (15 to 83) 60 (12 to 120) 0.42
DAS28 (mean (SD)) 2.79 (1.16) 3.19 (1.04) 0.059

Radiographic variables
Erosion present (n (%)) 29 (83) 83 (83) 0.99

DAS28, 28 joint disease activity score; ESR, erythrocyte sedimentation rate; IQR, interquartile range; RF,
rheumatoid factor; VAS, visual analogue scale.

Table 2 Subdimensions of the Health Assessment Questionnaire with individual items in
male and female patients with rheumatoid arthritis

Subdimension with items
Male
(mean (SD))

Female
(mean (SD)) p Value*

Dressing and grooming: 0.45
Dress yourself, including shoelaces and buttons? 0.69 (0.76) 0.81 (0.60)
Shampoo your hair? 0.37 (0.69) 0.54 (0.69)

Arising: 0.40
Stand up from a straight chair? 0.69 (0.96) 0.68 (0.80)
Get in and out of bed? 0.46 (0.61) 0.58 (0.62)

Eating: ,0.001
Cut your meat? 0.43 (0.66) 0.88 (0.88)
Lift a full cup or glass to your mouth? 0.37 (0.65) 0.42 (0.67)
Open a new milk cartoon? 0.49 (0.66) 1.08 (0.88)

Walking: 0.15
Walk outdoors on flat ground? 0.57 (0.70) 0.63 (0.66)
Climb up five steps? 0.46 (0.74) 0.72 (0.77)

Hygiene: 0.021
Wash and dry your body? 0.60 (0.85) 0.69 (0.73)
Take a tub bath? 0.83 (1.07) 1.47 (1.22)
Get on and off the toilet? 0.40 (0.55) 0.49 (0.61)

Reach: 0.0017
Reach and get down a 2 kg object from above your head? 0.54 (0.82) 1.22 (1.02)
Bend down to pick up clothing from the floor? 0.57 (0.70) 0.63 (0.72)

Grip: 0.0024
Open car doors? 0.37 (0.65) 0.90 (0.75)
Open previously open jars? 0.23 (0.43) 0.54 (0.69)
Turn faucets on and off? 0.23 (0.43) 0.39 (0.60)

Common daily activities: 0.014
Run errands and shop? 0.34 (0.54) 0.65 (0.73)
Get in and out of a car? 0.43 (0.61) 0.77 (0.60)
Do chores such as vacuuming or garden work? 0.60 (0.81) 1.16 (0.94)

*Multivariate Hotelling-type permutation test.
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If the variables did not have a normal distribution or ordinal,
then descriptive values were expressed as medians with
interquartile ranges (IQR) or ranges; statistical comparisons
between groups were done by using the Mann–Whitney test
and a multivariate Hotelling-type permutation test. Measures
with a discrete distribution were expressed as counts (%) and
analysed by x2 test or Fischer’s exact test.

Associations between disability (HAQ) and the physical
function and disease activity indices were analysed using
forward stepwise ordered logit models. Correlation coeffi-
cients were calculated by the Spearman method. The multiple
imputation method (Markov chain Monte Carlo) was used to
fill in missing values for individual HAQ questions. The
normality of variables was evaluated by the Shapiro–Wilk
statistics. Correlation coefficients were calculated by the
Spearman method. The most important descriptive values
were expressed with a 95% confidence interval (CI). The a
level was set at 0.05 for all tests.

RESULTS
Global health was better and pain less in men than in women
(table 1). Other demographic, clinical, and radiological
characteristics were similar between the sexes.

Mean total HAQ in men was 0.67 (95% CI, 0.46 to 0.93)
and in women 1.08 (0.95 to 1.22). The difference was
statistically significant (p = 0.0031). Women were more

disabled in eating, hygiene, reach, grip, and the common
daily activities subdimensions of the HAQ (table 2).

Grip strength was 48%, knee extension strength 46%, trunk
extension strength 54%, and trunk flexion strength 43% less
in female than male rheumatoid patients (table 3). Mean
(SD) walking time for 10 m was 6.8 (3.4) s for men and 7.7
(3.2) s for women (p = 0.13). The corresponding times in the
sit-to-stand test were 14.3 (5.7) and 16.5 (10.8) (p = 0.28).

In the whole sample, knee extension strength was
inversely correlated with walking time (r = 20.63 (95% CI,
20.73 to 20.51)) and the sit-to-stand test (r = 20.47 (20.60
to 20.31)). Further, the total HAQ disability index was
strongly associated with walking time and grip strength
(fig 1).

A higher disease activity (DAS28) and pain score, and
lower knee extension and grip strengths entered into the
forward ordered logit regression model as an explanatory
variable for worse function (higher total HAQ scores) in
women, while in men only knee extension strength entered
into the model (table 4).

DISCUSSION
Independent living requires locomotive ability and physical
resources. The most reliable evaluation of an individual’s
functional capacity can be achieved by combining various self
assessments of function with direct measurements.28 The

Table 3 Muscle strength in male and female patients with rheumatoid arthritis

Variable

Men Women

p ValueMean (SD) Range Mean (SD) Range

Grip strength* 279 (129) 54 to 608 146 (89) 0 to 378
,0.001
Knee extension strength* 331 (128) 130 to 636 180 (70) 13 to 411

,0.001
Trunk extension 454 (220) 138 to 1017 241 (111) 29 to 559

,0.001
Trunk flexion 440 (155) 170 to 928 249 (87) 80 to 567

,0.001

*Mean of the right and left side.
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association between muscle strength measurements and
functional tests has been described in earlier reports.20 22 29 30

In our previous survey the mean HAQ disability index in
the general population aged over 30 years was 0.27 (95% CI,
0.24 to 0.30), and 31% of the respondents reported at least
some disability in one of the eight subdimensions of daily
living (HAQ >1).31 A high percentage of rheumatoid patients
between the ages of 30 and 70 years perceived worse function
than reported by the general population.32 In 1982 Fries et al
reported a mean total HAQ of 0.80 in 331 rheumatoid
patients from a community based population, with an
average age of 51 years and a mean duration of disease of
12 years.33 We have reported a similar disability (mean
HAQ = 0.92) in rheumatoid patients treated in the rheuma-
tology inpatient ward of our district.34 Among the present
subjects, mean HAQ was 0.97 (95% Cl, 0.85 to 1.09) and at
least some disability was experienced by 87% of the patients.
Thus functional disability among these rheumatoid patients
waiting for orthopaedic surgery was both more prevalent and
more troublesome than in the general population, while
comparable with other studies on rheumatoid patients.

As in our earlier report,32 more women than men in the
present cohort reported functional problems. It has been
suggested that women may overestimate and men under-
estimate problems of functional capacity and pain.35 36 On the
other hand, the influence of sex on the amount of muscle
mass as well as on maximum strength—and thus on the
maximum physiological reserve—varies considerably.9 37 In
healthy women maximum strength has been reported to be
about 52–80% of that in men.9 38 39 In the present study the
strength of different muscle groups was 52–57% lower in
women than in men with rheumatoid arthritis. Thus the
weaker muscles in women with rheumatoid arthritis may
make them more vulnerable to functional deficit.

Previous studies have shown significant and progressive loss
of grip strength in rheumatoid patients over time.40 41

Significant correlations between grip strength and the self
reported global HAQ function have also been found.42 43 In our
earlier study we showed that grip strength can explain
perceived performance in the subdimensions of ‘‘eating,’’
‘‘reach,’’ ‘‘grip,’’ and ‘‘common daily activities’’ of the HAQ.34

In the present patients, with their considerably longer disease
duration but lower disease activity, grip strength was associated
with the same subdimensions of the HAQ that require the
ability to grip. Particularly in women, the detected grip strength
level (about half of that in males) might be very close to or even
below to that required, for example, to open a milk cartoon or
cut meat, while men, despite having impaired grip strength
values, still have strength well above the required level.

In the present study we also found that decreased knee
extension strength was associated with walking speed and
sit-to-stand tests in both women and men with rheumatoid
arthritis. The sit-to-stand test or the HAQ item ‘‘stand up
from a straight chair’’ shows whether the strength level of
the knee extensors is adequate or inadequate for chair rise,
but it does not provide any information about the amount of
an individual’s muscle strength reserve.44 45 Hughes et al
reported that older people used 97% of their maximum knee
extension strength to get up from a 33 cm high chair.46 In
contrast, their younger subjects used only 39% of their
maximum strength. Ferrucci L et al have reported that knee
extension strength below 10 kg limits the ability to rise from
a chair.47 Further, they reported that better strength was
associated with better balance.

Pain, stiffness, fatigue, biomechanical deficiencies, and gait
deviations may reduce the locomotive capacity of rheumatoid
patients. Independent and safe locomotion in the community
reportedly requires as a prerequisite a walking speed of 1.4 m/
s,47 while carrying out activities of daily living at home requires a
walking speed of at least 0.4–0.5 m/s.40 44 In our present study
45% of the patients had a walking speed less than 1.4 m/s,
showing that their ability to walk safely may also be at risk.
Consequently, if patients’ walking ability is impaired, they
cannot be physically active enough to produce the heart and
ventilation rates needed to maintain or improve cardiovascular
capacity. When all daily activities are carried out slowly and
with low effort, the reserve in performance capacity fades. Then,
even a small additional strain may lead to a situation where the
patient’s independent living becomes endangered or even
impossible. Decreased physical activity in turn may gradually
lead to obesity, accelerated atherosclerosis, and ultimately to
increased comorbidity and mortality in rheumatoid patients.45 46

On the other hand, those with a greater strength reserve may
lose even more strength without the threat of crossing the
threshold of disability. In the HAQ questionnaire the manner in
which the tasks are to be performed is not defined (for example,
walking speed, standing up with or without using arms to push
off), and thus in everyday life patients may compensate the
strength or mobility deficits by using various strategies without
becoming conscious of their falling reserve capacity.

The pain level in our present rheumatoid patients waiting
for surgery was comparable to that in our earlier report.18

Increases in all eight subdimensions of the HAQ could be
explained by pain, suggesting that in part the HAQ measures
similar disability constructs to those assessed by the pain
scale.32 In the present study perceived pain was also a
significant explanatory factor for greater disability in women.
Musculoskeletal pain inhibits the motor system and thus

Table 4 Ordered logit regression models for odds ratios to Health Assessment Questionnaire in patients with rheumatoid
arthritis

Variable

Univariate Multivariate*

Male Female Male Female

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 1.12 (1.04 to 1.20) 1.07 (1.03 to 1.11)
Disease duration 1.01 (0.96 to 1.07) 1.03 (1.00 to 1.06)
DAS28 >2.6 2.57 (0.74 to 8.97) 4.44 (1.91 to 10.37) 5.65 (1.85 to 17.28)
Erosiveness 0.85 (0.26 to 2.85) 2.63 (0.90 to 7.72)
Pain per 10 mm 1.39 (1.14 to 1.68) 1.25 (1.09 to 1.44) 1.37 (1.11 to 1.69)
Strength indices

Knee extension per 50 N 0.57 (0.40 to 0.82) 0.38 (0.29 to 0.52) 0.57 (0.40 to 0.82) 0.46 (0.30 to 0.71)
Trunk extension per 100 N 0.45 (0.29 to 0.69) 0.45 (0.31 to 0.66)
Trunk flexion per 100 N 0.41 (0.19 to 0.89) 0.46 (0.29 to 0.74)
Grip strength per 20 N 0.90 (0.80 to 0.99) 0.76 (0.68 to 0.85) 0.81 (0.71 to 0.93)

Total HAQ was scored 0 = 0, 0.1–1 = 1, 1.1–2 = 2, and 2.1–3 = 3.
*Forward stepwise estimation. Only the variables entered into the model are shown.
CI, confidence interval; DAS28, 28 joint disease activity score; OR, odds ratio.
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prevents or decreases the intensity of muscle contraction
during the peak pain, even after the disappearance of the
pain sensation.47 Arthritic, injured, and inflamed joints may
also cause reflex inhibition without perceived pain.47 A major
issue, however, is that rheumatoid patients may avoid strain
on account of pain, which in the long run leads to decreased
muscle strength and functional capacity.

Generalisation of these results can only be tentative, as the
patients participating in our study represent individuals with
relatively longstanding rheumatoid arthritis. Further, the
number of men was rather small, although their relative
proportion (29%) equalled the prevalence of rheumatoid
arthritis in men in the population.

In summary, the results indicate that female patients with
rheumatoid arthritis report greater disability than male
patients, both in the total HAQ disability index and in the
majority of its subdimensions. In addition to pain and clinical
disease activity, muscle strength has a major impact on
physical function.
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