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Objective. To follow hand function and activity
of daily living (ADL) capacity prospectively during a
5-year period in a cohort of outpatients with rheu-
matoid arthritis (RA).

Methods. Forty-three patients (28 women, 15
men), mean age 53.7 years and mean disease dura-
tion 7.5 years, were included. The Grip Ability Test
(GAT), grip strength, the Keitel Function Test (KFT),
the Health Assessment Questionnaire (HAQ), self-
estimated hand function, and pain scales were used.
Need of personal assistance in the HAQ components
was recorded as ADL dependence.

Results. After 5 years, the GAT, the KFT, and 3
HAQ components were significantly worse in
women. Improved GAT was the only significant
change in men. An additional 12 patients needed
personal ADL assistance, bringing the total to 21
patients (49%).

Conclusions. Hand function deteriorated during a
5-year period in female RA patients. Hand disability
(GAT) improved in the male RA group, although

hand impairment (grip strength, KFT) was un-
changed. Over one-fourth of each gender group had
developed a new handicap (dependence).

Key words. Rheumatoid arthritis; Hand function;
Activity of daily living; Disability; Longitudinal.

INTRODUCTION

The long-term outcome of capacity to perform ac-
tivities of daily living (ADLs), including hand func-
tion, is of great interest to occupational therapists
(OTs), who play a major role in the rehabilitation
and prevention of dysfunction in patients with rheu-
matoid arthritis (RA) (1). Hand function is an impor-
tant aspect of the ability to perform ADLs and other
functional activities (2,3). The use of assistive de-
vices has been found to significantly increase ADL
capacity and to reduce pain in patients with RA (4).
The patient’s need and use of assistive devices may
be considered significant signs of ADL dysfunction
and are therefore included in the OT’s patient eval-
uation (1).

The international classification of impairment,
disability, and handicap (ICIDH), introduced by the
World Health Organization (WHO) (5) to distinguish
degrees of functional loss, is particularly relevant to
the study of the impact of RA on functional status
over time (1). Despite the usefulness of the WHO
classification system, it has not been widely applied
in rheumatology so far (6).

The few available longitudinal studies on impair-
ment and disability in RA patients have given con-
tradictory results. Some have reported that the most
rapid loss of function occurs during the first decade
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after disease onset (7,8), while others have found an
equal or increasing loss of function over a lifetime
(9). Although independent living is important to the
RA patient’s well-being (10), dependence on ADL
assistance as a result of functional loss has so far not
been studied as a separate factor.

Hand function in RA patients has mainly been
studied by impairment-based tests such as those as-
sessing grip strength and joint mobility. General
ADL questionnaires have also been used to evaluate
functions of the hands and upper extremities (7).
There has been a demand for ADL-based tests of
hand disability for practical and scientific use (11),
and only recently has a test been available for RA
patients (12).

This prospective longitudinal study of a cohort of
RA patients typical of a rheumatology clinic aimed
to follow the development of hand function and ADL
capacity over a 5-year period using the ICIDH model.

PATIENTS AND METHODS

Patient selection. Forty-three patients were se-
lected from a questionnaire survey that included the
participation of all 705 seropositive RA patients at-
tending the Department of Rheumatology at Sahl-
grenska University Hospital, Gothenburg, Sweden.
The criteria for inclusion were the following: resi-
dent of the city of Gothenburg, aged #70 years with
a disease duration of 6–10 years, and functional
class I–II (13). They reported hand problems (defined
as decreased range of motion and/or grip strength)
and were willing to participate in a study of hand
training (14). When other diagnoses besides RA were
excluded, 103 patients fulfilled the criteria, and 65
(63%) of these patients responded positively to an
invitation to enter the study. Thirteen of them were,
however, unable to participate, while the remaining
cohort of 52 patients (50% of the original cohort) was
included in the hand training study, published in
detail previously (14).

These 52 patients formed the cohort to be followed
longitudinally for the present study. Nine of them
(17%) (5 women, 4 men) did not complete this
study, and 43 patients were thus finally included.
Five of the dropouts (2 women, 3 men) had died by
the time of the 5-year followup. Two women were
unwilling to participate in the followup because of
high RA disease activity, and one other woman had
moved and was impossible to contact. One man was
unable to participate due to a heart condition.

Outcome measures. All examinations and tests at
baseline and at the 5-year followup were performed
in an occupational therapy ward in the order given
below.

Tests for assessing impairment of hand function
were grip strength, joint mobility, pain on gripping,
and general pain. The Grip Ability Test (GAT), the
self-estimated hand function test (SEHF), and the
Health Assessment Questionnaire (HAQ) were used
to measure disability. Need of personal assistance in
ADL was used as a measure of handicap.

Interview. The patients were asked about previous
hand surgery and hand exercise periods.

Checklist of assistive devices. (The devices are
handed out free of charge by the national health
service.) From a list of 35 common devices, the pa-
tients indicated which ones they had received, used,
or did not use, and if not used, the reason why. The
patients also added assistive devices if not on the
list.

Range of motion (ROM). ROM was measured bi-
laterally by the first 11 items in the Keitel Function
Test (KFT) (15), with items 1–5 representing finger
function, items 6–9 wrist function, and items 10–11
shoulder function. Observed performance is graded
from 0 (cannot perform) to 2 or 3 (perform without
difficulty) for each side.

Self-estimated hand function. SEHF was recorded
on a 100-mm visual analog scale (VAS) (16). Patients
were asked to put a mark on the line somewhere
between the endpoints of “no hand function” and
“full hand function.” Hand function was defined as
the ability to use the hands to perform activities. A
test–retest study of 11 RA patients, with an interval
of 5–7 days, showed a correlation coefficient of 0.98
(Dellhag B: unpublished data).

The Grip Ability Test. The GAT was used to eval-
uate hand function (12). It was developed for RA
patients and includes 3 practical tasks: putting a
flexigrip stocking over the nondominant hand, put-
ting a paper clip on an envelope, and pouring water
from a jug. The sum of the weighted time (seconds)
used for the performance of each task is scored. The
GAT is valid, sensitive to change, and has a high
intraobserver (r 5 0.99) and interobserver (r 5 0.95)
reliability for RA patients (12). A high GAT score is
a sign of decreased hand function.

Pain on gripping. Pain on gripping was measured
on a 10-grade verbal scale for quantitative measure-
ment of subjective symptoms (17). During the per-
formance of each task of the GAT, the patients gave
a grade corresponding to the verbal scale expression
of their pain experience, and then a single mean
score for each person was calculated.
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Grip strength. Grip strength was measured in
newtons (N) with an electronic instrument, Grippit
(AB Detector, Gothenburg, Sweden). Norms for
healthy persons and a description of this instrument
have been published (18). The subjects were tested
while sitting in a standardized position with the
elbow flexed at an angle of 90° and the wrist in a
neutral position. Grip strength was tested once in
each hand.

The Health Assessment Questionnaire. A Swed-
ish version of the HAQ (7,19) was used for measure-
ment of ADL. The disability index is based on the
measurement of 8 components: dressing and groom-
ing, arising, eating, walking, hygiene, reach, grip,
and “other activities.” The questionnaire is com-
posed of 20 questions. It is self-administered and
measures ADL ability during the previous week. An-
swer alternatives represent 6 categories scored 0–3,
i.e., 0 5 “without any difficulty,” 1 5 “with some
difficulty,” 2 5 “with much difficulty”/“use of aux-
iliary device”/“another person’s help,” and 3 5 “un-
able to do.” The highest score for any question in
each component determines its score. The index is
calculated as a sum of the scores divided by the
number of components and gives a score between 0
and 3.

Evaluation of independence/dependence. The an-
swer alternatives for each question included in the
HAQ (7) were also used separately from the standard
HAQ score above to evaluate independence/depen-

dence. When used for this purpose, “another per-
son’s help” and/or “unable to do” were assigned to
dependence, all other alternatives to independence.
The sums of dependent and independent activities
were compared for each individual between baseline
and the 5-year followup.

General pain. A 15-cm horizontal VAS scale be-
longing to the HAQ (7) was used separately. The
patients had to put a mark on the line somewhere
between the endpoints “no pain” (left) and “maxi-
mum pain” (right). The distance from the left end-
point to the mark was measured in centimeters and
converted into a score of 0 (no pain) to 3 (maximum
pain).

Telephone interview. After the above data collec-
tion, all patients who had reported a change between
dependence and independence in ADL were con-
tacted and asked to give their opinion about the
cause of change in ability.

Statistical analysis. The Wilcoxon signed-rank
test was used for analysis of the intragroup outcome.
For the differences between groups, the Mann–Whit-
ney U test (20) was applied. Median value and inter-
quartile range were given for the ordinal scales and
mean value and standard deviation for the interval
and ratio scales. The Pearson and Spearman meth-
ods were used to study correlations between differ-
ent variables.

Table 1. Median or mean (grip strength, Grip Ability Test) value (Q3–Q1 and SD, respectively) of measurements at
baseline and at the 5-year followup in 43 patients with rheumatoid arthritis

Women (n 5 28) Men (n 5 15)

Baseline
5-year

followup
Significance of

difference Baseline 5-year followup
Significance of

difference

Grip Ability Test (GAT) (scored
10–276) 37.44 (17.89) 67.23 (59.70) P , 0.05 37.15 (13.41) 29.16 (11.91) P , 0.01

Health Assessment Questionnaire
(scored 0–3) 1.13 (0.56) 1.38 (1.00) P , 0.01 0.75 (1.09) 0.88 (0.75) –

Keitel Function Test
Items 1–11 (scored 0–52) 34.50 (16.00) 29.00 (21.50) P , 0.001 33.00 (10.5) 27.00 (14.75) –
Items 1–9 (scored 0–42) 25.00 (15.00) 21.00 (18.50) P , 0.01 23.00 (8.50) 21.00 (15.75) –

Grip strength (newton)
Maximum dominant hand 73.29 (61.62) 63.43 (50.10) – 174.40 (84.78) 193.87 (115.48) –
Maximum nondominant hand 81.71 (47.74) 71.43 (50.80) – 224.80 (80.70) 194.13 (109.36) –

Self-estimated hand function
(scored 0–100) 61.00 (26.75) 64.00 (32.00) – 82.00 (37.00) 73.00 (27.00) –

Pain on gripping, GAT (scored
0–9) 0.67 (1.67) 1.00 (1.83) – 0.00 (0.67) 0.67 (1.25) –

Pain, general (scored 0–3) 1.30 (1.07) 1.14 (1.26) – 0.80 (1.23) 0.98 (0.82) –
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RESULTS

Forty-three patients (28 women, 15 men) with se-
ropositive RA were included. At baseline, the mean
age of the women was 52.7 years (range 29–69), of
the men 55.5 years (range 41–69), and the mean
disease duration was 7.5 and 7.8 years, respectively
(range 6–10).

No significant differences in age, duration of dis-
ease, hand function, or ADL were noted between the
28 women and 15 men participating in the study. At
baseline, the male group showed greater grip
strength (P , 0.001), higher SEHF (P , 0.05) (Table
1), and better function in the HAQ components
“grip” (P , 0.05) and “other activities” (P , 0.01)
than the female group.

At the 5-year followup, 25 (58%) of the patients
had undergone hand and/or wrist operations, 12
(28%) during the observation period. Thirteen pa-
tients (30%) had regularly (at least 2 times/week
within 4 weeks) carried out some kind of training
afterwards. There was no significant difference be-
tween women and men regarding the frequency of
hand surgery or participation in hand exercises.

All patients except one man used assistive devices
from baseline, and 20 (47%) had received additional
devices during the study period. At the followup
session, it was recorded that a total of 322 assistive
devices (excluding walking aids) had been provided,

272 (85%) of which were in use (Figures 1 and 2).
The women had a mean of 12 (range 1–23) assistive
devices available, the men had 4 (range 0–10) (P ,
0.001), 86% in women and 65% in men (P , 0.001)
being in use. The explanations given for not using
assistive devices were that they were “not neces-
sary” (45%), “bad or difficult to use” (24%), or sim-
ply “forgotten or lost” (14%). At the followup ses-
sion, one-third of the participants expressed a
further need of assistive devices.

During the 5 years, the function of hands (GAT),
upper extremity ROM (KFT items 1–11), and ADL
(HAQ) decreased significantly in the female group
(Table 1). In contrast, the men had an improved hand
function according to the GAT (P , 0.01) but showed
no significant change in upper extremity ROM or
ADL function.

A significant (P , 0.05) decrease in KFT in women
had occurred in all parts measured: fingers, wrists,
and shoulders. The decrease in HAQ was mainly
found in the components “dressing and grooming,”
“eating,” and “reach” (P , 0.01).

Poorer (P , 0.01) hand function and a lower level
of ADL function in the HAQ components “eating,”
“reach,” “grip” (P , 0.001), and “other activities”
(P , 0.01) were observed in the female compared
with the male group. The degree of change in the two
HAQ components “eating” and “reach” was greater

Figure 1. Distribution of the 253 assistive devices used to facilitate hand function recorded at the 5-year followup session
in 42 of 43 rheumatoid arthritis patients. A total of 216 (85%) were still in use; the percentages for individual devices are
given.
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(P , 0.01 and P , 0.05, respectively) in the female
than in the male group.

None of the variables “grip strength,” “self-esti-
mated hand function,” “pain on gripping,” or “gen-
eral pain” had significantly changed in either
women or men during the 5 years of observation.

Change in the GAT (Table 2) correlated signifi-
cantly with change in the HAQ scale (mainly hand
functions: eating, grip, and reach) but not with
change in the SEHF. Change in grip strength corre-
lated significantly with change in KFT and SEHF but
not with changes in the HAQ scale or any single

Table 2. Change in the Grip Ability Test (GAT) and grip strength correlated to changes in the Health Assessment
Questionnaire (HAQ), the Keitel Function Test (KFT), self-estimated hand function (SEHF), and dominant hand grip
strength between baseline and the 5-year followup measurements in 43 patients with rheumatoid arthritis (28 women
and 15 men)

GAT
Grip strength, maximum,

dominant hand

rS Significance of correlation rS Significance of correlation

HAQ scale 0.420 P , 0.01 20.272 –
HAQ components

Dressing and grooming 0.240 – 20.218 –
Rising 0.207 – 0.030 –
Eating 0.576 P , 0.001 20.243 –
Walking 0.313 P , 0.05 0.120 –
Hygiene 20.058 – 0.067 –
Reach 0.443 P , 0.01 20.141 –
Grip 0.517 P , 0.01 20.216 –
Other activities 0.116 – 20.281 –

GAT – – 20.134 –
KFT, items 1–9 20.074 – 0.452 P , 0.01
SEHF 20.137 – 0.353 P , 0.05
Grip strength, maximum, dominant hand 20.134 – – –

Figure 2. Distribution of the 69 assistive devices used to facilitate reach and rising recorded at the 5-year followup session
in 42 of 43 rheumatoid arthritis patients. A total of 56 (81%) were still in use; the percentages for individual devices are
given.
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HAQ component. Change in pain on gripping but not
change in general pain correlated significantly with
change in the HAQ scale (r 5 0.33, P , 0.05).

Correlations between changes in the GAT and
baseline values of the other variables were low and
not significant. The same negative result was found
regarding the KFT and the HAQ when correlated to
all other variables.

The number of assistive devices for hand function,
both prescribed and used up to the 5-year followup
session, correlated significantly (r 5 0.35–0.47, P ,
0.05) with the GAT, grip strength, and the HAQ, but
not with the KFT (items 1–9).

At the 5-year followup, 17 women (61%) and 4
men (27%) were dependent on personal assistance
in one or more ADL activities. Eight women (29%)
and 4 men (27%) reported a change from indepen-
dence to dependence, while two persons (1 woman,
1 man) previously dependent in hygiene were now
independent due to housing adaptation and ortho-
pedic surgery, respectively. The dependence had de-
veloped mainly in the areas “other activities” and
“hygiene” (Figure 3). The most frequent explanation
(64%) for newly developed dependence was de-
creased hand function, defined by the patients as
due to reduced grip strength and increased pain on
gripping.

Age, disease duration, or age at disease onset did

not correlate with hand function or ADL. No differ-
ences in hand function, ADL function, or degree of
changes were found during the observation period
between the groups operated/not operated or exer-
cise/no exercise.

DISCUSSION

Hand function deteriorated during a 5-year period
in women with RA. The hand disability test (GAT)
showed an improvement in the male RA group, al-
though the impairment tests (grip strength and KFT)
were unchanged. Over one-fourth of each gender
group had developed a handicap (dependence) dur-
ing the 5-year observation period.

The cohort of RA patients in this study repre-
sented typical outpatients in a rheumatology unit
who had been referred to an occupational therapy
ward. They were all aware of the limitations of their
hand function and wanted to participate in a hand
training program, therefore, their hand function may
have been more severely affected than the average
RA patient. The lack of statistical significance re-
garding the difference in KFT and HAQ in men be-
tween baseline and followup may give the impres-
sion of a problem with the small sample of men.
However, a significant outcome, either positive or

Figure 3. Distribution of dependence on personal assistance in different activity of daily living areas (Health Assessment
Questionnaire components) among the 21 rheumatoid arthritis patients (17 women, 4 men) reporting dependence at the
5-year followup session.
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negative, would have required more than 10 times
the sample size, based on calculations of the present
results.

Initially, the SEHF was more favorable and the
grip strength stronger in men than in women, but
these baseline values were not significantly corre-
lated to the outcome of the GAT. Nor could we
explain the different outcome of the GAT between
the sexes by differences in hand operations or train-
ing. Earlier findings that women are more affected by
RA than men (6,8,21) have thus been confirmed, but
not explained, by this study. Using normative data
for grip function (GAT) and grip strength (12,18), we
compared the decline in grip function and strength
in the period from disease onset until the baseline
measurement with that in the 5-year observation
period. The calculated decrease in the GAT in the
female group during these two periods was found to
be similar. The loss of grip strength, however, was
about 10 times higher before the baseline measure-
ment than during the subsequent 5-year followup
period.

Comparing the outcomes of the different measures
of hand function and ADL is of particular interest in
relation to the WHO terminology for functional loss
(5). The disability measures (GAT and HAQ) were
more sensitive to change than the impairment tests
(KFT and grip strength). Although correlations be-
tween impairment and disability tests have been
previously shown to be significant (2,3,6,12,22), this
study showed that correlations between changes in
impairment and changes in disability measures were
low. In contrast, the correlation between changes in
measures of disability was high, as was the correla-
tion between changes in the impairment tests. This
has implications both for the testing and the thera-
peutic interventions, i.e., training of one may not
result in an improvement in the other.

The GAT was developed to be sensitive to change
in ADL grip functions (12) in RA patients. The GAT
also has the advantage that 2 of the 3 items include
the use of both hands, since the majority of ADL
activities are performed with both hands (23,24).
The impairment tests, joint motion and grip strength,
only explained about one-third of the results of the
GAT (12). The discrepancy between disability and
impairment tests was further illustrated by the lack
of correlation between changes in disability tests
(GAT, HAQ) and changes in impairment tests (grip
strength, KFT) during the 5-year period of this study.
These findings emphasize the importance of combin-
ing the two sets of tests in the evaluation of hand
function in RA patients.

Reduced grip strength has been recorded in an

early stage of RA (6,25) and has been found to have
a strong influence on how patients perceive their
hand function (3). Unlike many other self-rated func-
tion tests (26), the SEHF has resulted in an underes-
timate of functional ability (3). Also, we found in
this 5-year longitudinal study that a change in the
SEHF correlated significantly only with a change in
grip strength and not with any change in the disabil-
ity measures or in the KFT. Exercise has been found
to have a positive effect on capacity in functional
tasks (14,27–29), although the long-term effects of
short-term training programs have been questioned
(30). It would thus be important to stress the discrep-
ancy between the patients’ own estimates of hand
function and the objectively measured ADL function
to motivate them to perform the recommended hand
exercises continuously to avoid functional deterio-
ration.

The high degree and the steady growth of depen-
dence in ADL, i.e., developing handicap, seen in this
study is in accordance with other studies of RA
patients (25,31–33). Dependence is not fully re-
flected in the HAQ score, e.g., 25% of the men had
developed dependence without any change in the
HAQ score. A separate test of this important aspect
of the patients’ function would be of great interest.
The development of dependence in ADL during the
observation period was explained by the partici-
pants as mainly being caused by decreased hand
function. This may confirm findings that hand func-
tion has a higher correlation to ADL than function in
the lower extremities (2).

The demand for assistive devices was high, and at
the followup one-third of the patients expressed a
need for more. Assistive devices aimed to decrease
disability and/or eliminate handicap are included in
corresponding levels in the ICIDH model (5). Assis-
tive devices intended for RA patients are designed to
reduce the risk of joint destruction (34). Less fre-
quently used assistive devices were of this kind, and
the reason for not using them in about one-half of the
cases was “not being necessary.” This suggests that
patients lack understanding of the protective func-
tion of these devices.

The difference in the number of assistive devices
used by women and men, seen in this study, may
partly be explained by the fact that the women were
more affected by RA. Furthermore, as shown in an
American study, women with RA have been found to
take the main responsibility for household manage-
ment (35), irrespective of a work role or not. Such a
study in Sweden would probably show a similar
result. Many of the assistive devices handed out
were intended for household work (Figure 1).
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The reported findings showed that women with
RA with a disease duration of 6 –10 years consti-
tute a risk group for functional decline during the
subsequent 5-year period. Although these patients
were in the specialized health care system, they
had not been followed continuously. They had
very irregular contacts with OTs, which suggests
that clinical routines for following their ADL and
hand function have to be improved and further
evaluated. Lack of resources means that priority
must be given to education programs enabling
these patients to take more responsibility for both
preventive measures and their treatment (36).
They must also be able to initiate adequate con-
tacts with a health care system better organized to
respond to their needs.

The participation of Ingrid Wollersjö, OTR, in collecting data
for this study and the valued discussions with Birgitha Archen-
holtz, OTR, are gratefully acknowledged. Statistical adviser was
Anders Odén, PhD.
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18. Nordenskiöld UM, Grimby G. Grip force in patients
with rheumatoid arthritis and fibromyalgia and in
healthy subjects: a study with the Grippit instrument.
Scand J Rheumatol 1993;22:14–9.

19. Ekdahl C, Eberhardt K, Andersson I, Svensson B. As-
sessing disability in patients with rheumatoid
arthritis: use of a Swedish version of the Stanford
Health Assessment Questionnaire. Scand J Rheumatol
1988;17:263–71.

20. Siegel S. Nonparametric statistics for the behavioral
sciences. New York: McGraw-Hill; 1956.

21. Thompson PW, Pegley FS. A comparison of disability
measured by the Stanford Health Assessment Ques-
tionnaire disability scales (HAQ) in male and female
rheumatoid outpatients. Br J Rheumatol 1991;30:298–
300.

22. Badley EM, Wagstaff S, Wood PHN. Measures of func-
tional ability (disability) in arthritis in relation to im-
pairment of range of joint movement. Ann Rheum Dis
1984;43:563–9.

23. Sollerman C. Handens greppfunktion: Analys och ut-
värdering samt en ny testmetod [dissertation]. Gothen-
burg (Sweden): Univ. of Gothenburg; 1980.
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