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Hand Function and Activity Limitation According to
Health Assessment Questionnaire in Patients with
Rheumatoid Arthritis and Healthy Referents:
5-Year Followup of Predictors of Activity Limitation
(The Swedish TIRA Project)
MATHILDA A. BJÖRK, INGRID S.M. THYBERG, THOMAS SKOGH, and BJÖRN U.C. GERDLE

ABSTRACT. Objective. This study identifies baseline predictors of future activity limitation in rheumatoid arthritis
(RA). To reinforce the utility of instruments assessing functional ability/activity limitation, we used ref-
erence data from healthy referents.
Methods. This study includes 189 patients (69% women) with recent-onset RA (onset of joint swelling
not more than 12 months at diagnosis) in a prospective cohort (“the Swedish TIRA project”) during 27
months from 1996 through 1998. Regular followups were done for a period of 5 years, and 123 healthy
persons (50% women) were recruited as referents. Hand function was assessed by the “grip ability test
(GAT)” and “signals of functional impairment” (SOFI). Grip force was measured with the electronic
device GrippitTM. Activity limitation was assessed with the Swedish version of the Health Assessment
Questionnaire (HAQ).
Results. Throughout the study and for both sexes, GAT, grip force, SOFI-hand, and HAQ were signif-
icantly different for the patients compared to healthy referents. In the healthy referents, HAQ was main-
ly related to age and GAT, whereas in RA HAQ was most obviously linked to grip force. Five years
after diagnosis only 8% of HAQ outcome was explained by the baseline measures: HAQ, grip force,
SOFI-lower limb, sex, walking speed, and GAT.
Conclusion. Our study provides valuable reference data for several functional ability and activity lim-
itation measures. The HAQ score was explained by different variables in healthy referents compared to
patients with RA. Five years after diagnosis only 8% of HAQ outcome was explained by the variables
assessed at inclusion. (First Release Jan 15 2007; J Rheumatol 2007;34:296–302)
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The progressive nature of rheumatoid arthritis (RA) often
leads to severe disability1,2, including work disability and an
economic burden for society3. Identification of early predic-

tors of disease and disability progression in RA attracts great
interest4,5. The disease course develops most rapidly during
the first years1,6; however, early initiation of therapy is asso-
ciated with mitigated disease and disability within the first 3
months after diagnosis7. We recently reported analogous rapid
improvements in hand function8 and health-related quality of
life9. In a longer time perspective, contradictory conclusions
have been drawn. Five years after diagnosis, Combe, et al
reported improvements regarding disability compared to base-
line10, although other researchers have found signs of func-
tional deterioration 5 years after diagnosis11,12.

According to the International Classification of Func-
tioning, Disability and Health (ICF), disability is an umbrella
term13 that includes a wide range of measurements, such as
hand function assessments highlighting impairment and the
Health Assessment Questionnaire (HAQ) focusing on activity
limitations14. The HAQ is commonly used as an outcome
variable and seems to have a less favorable course in
women4,7,15.

Hand function is a complex concept that can be measured
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by variables such as grip force, grip ability, and range of
motion. These different aspects correlate weakly to one anoth-
er in the bivariate context8. We earlier reported that different
hand function measures affect women and men with RA in
different ways because men are stronger and women usually
have greater flexibility in their finger joints8. In early arthritis,
hand dysfunction is a strong predictor of a worse prognosis16.
We have found that all the different aspects of hand function
correlate with HAQ up to the third year after diagnosis8, but
the capacities of hand function tests to predict HAQ in a
longer time perspective have not been studied in detail.

When attempting to predict disease outcome, different
methods have been used: univariate analysis10,17; logistic
regression17,18; and generalized estimating equation (GEE)5.
Hoogendoorn, et al19 highlight the benefit of using a model-
ing approach to increase the precision of the analysis instead
of traditional statistics when analyzing predictors of an out-
come. One approach is to use a technique that finds latent
variables in large, longitudinal data20. Projection methods —
e.g., principal component analysis (PCA) and projections to
latent structures (PLS) — project a set of cases onto a few
latent variables to uncover an underlying pattern. Projection
methods have several other advantages: they are robust to out-
liers and they deal with missing data as well as noisy and
highly collinear data and data with nonlinear relationships21,
making them useful to predict longterm outcomes of HAQ.

Our study has 3 main goals: (1) to compare hand function
and HAQ between healthy referents and patients with RA in
women and men; (2) to analyze the relationship between hand
function and HAQ; and (3) to determine whether patient char-
acteristics at diagnosis can predict the patient’s HAQ score 5
years after the diagnosis of RA.

MATERIALS AND METHODS
Patients. The Swedish TIRA Project (Swedish acronym for “early interven-
tion in rheumatoid arthritis”) started in 1996 in cooperation between 10
rheumatology units where 320 patients with recent-onset RA (onset of joint
swelling ≤ 12 months but ≥ 6 weeks) were recruited during a 27-month peri-
od7. The patients fulfilled ≥ 4/7 RA classification criteria22 or at least exhib-
ited morning stiffness ≥ 60 minutes, symmetrical arthritis, and arthritis of
small joints. Followups were done after 3, 6, 12, 18, 24, 36, 48, and 60 months
(M3–M60). At all followups, the patients met with a physician, an occupa-
tional therapist, and a physiotherapist and were given individual treatment
based on their needs. At the 5-year followup (M60), 8 of the 10 rheumatology
units still participated in the TIRA project with a total study population of 251
patients. The 130 women [mean age 53 yrs at inclusion; range 18–81 yrs,
standard deviation (SD) 15 yrs] and 59 men (58 yrs; range 18–80 yrs, SD 13
yrs) remaining in the project at M60 were included in our study.
Patient characteristics. The erythrocyte sedimentation rate (ESR) and serum
level of C-reactive protein (CRP) were analyzed at all planned visits. A 28-
joint count of tender and swollen joints23 was registered, and the physician’s
global assessment of disease activity (PGA) was estimated on a 5-degree
scale (0–4), where 0 corresponds to no activity and 4 represents high activi-
ty24. The patient’s well-being during the last week was self-reported on a 100-
mm visual analog scale (VAS). Similarly, the average pain related to the rheu-
matic disease during the last week was reported by VAS, where 0 represent-
ed no pain and 100 mm maximal pain. Walking speed was defined as the time
it took to walk (with or without assistive devices) 20 meters as fast as possi-

ble. Range of motion was measured using the instrument “signals of func-
tional impairment” (SOFI). The test is divided into 3 parts: upper limb func-
tion (SOFI-upper limb), lower limb function (SOFI-lower limb), and hand
function (SOFI-hand). The scoring is an ordinal rating scale 0–2, where 0
indicates “full function” and 2 “cannot perform.” The possible range in score
is 0–12 in SOFI-upper limb function and 0–16 in SOFI-lower limb function25.
Healthy referents. Healthy referents were recruited from staff at the hospitals
in Linköping and Norrköping and through pensioners’ associations: 62
women (mean age 59 yrs; range 21–84 yrs, SD 15 yrs) and 61 men (mean 60
yrs; range 21–89 yrs, SD 15 yrs) with self-perceived normal hand function.
The referents were recruited so as to have the same age distribution as the
patients in the TIRA cohort at M36.
Hand function. Grip force (newtons, N) was measured using the electronic
instrument Grippit (AB Detektor, Göteborg, Sweden). Peak and average val-
ues were achieved during a 10-second period for both hands. The test-retest
scores have previously been shown to be high regarding peak as well as aver-
age values26.

SOFI-hand, which is one of the 3 parts in SOFI25, was used to measure
the range of motion in the hands. It consists of 4 items: “grip a plastic tube,”
“bend fingers around a pencil,” “make a round pincer grip,” and “oppose the
tip of the thumb to the base of the 5th finger.” In the first item a larger tube
was used for men than for women. In the SOFI-hand, the possible range in
score is 0–16, where a low score indicates a full function. The index has been
evaluated regarding reliability, validity, and sensitivity and was found to be
acceptable25.

Grip ability was assessed using the grip ability test (GAT) developed by
Dellhag and Bjelle27. GAT consists of 3 items: “put a flexigrip stocking over
the non-dominant hand,” “put a paper clip on an envelope,” and “pour water
from a jug.” The score (10–276) is based on the time consumption of the 3
items. A high score corresponds to decreased hand function. The reliability
(intra-/inter-observer tests) and internal consistency of GAT have shown to be
high27.
Health Assessment Questionnaire (HAQ). The HAQ measures activity limita-
tion and was self-reported by the TIRA patients at the time of inclusion and
at the followups. It consists of 20 questions in 8 subcategories: dressing and
grooming, arising, eating, walking, hygiene, reach, grip, and common daily
activities. The response alternatives for each of the 20 questions are “without
any difficulty” (score = 0), “with some difficulty” (score = 1), “with much dif-
ficulty” or “with use of an assistive device” (score = 2), and “unable to do”
(score = 3). The highest score obtained for any question of a given subcate-
gory determines the score for the subcategory. The questionnaire then gener-
ates a score from 0 to 3, based on the sum of the scores for the various sub-
categories divided by the number of subcategories responded to. The Swedish
version of HAQ, used in the present study, has been found to be valid and reli-
able14.
Ethical considerations. The study protocol was approved by the local ethics
committees associated with the participating units. All patients and healthy
referents also gave written informed consent to participate.
Statistical analyses. A 3-way ANOVA was used to analyze differences in the
development of hand function and HAQ between different followups
(M0–M60) and differences between women and men. Differences in hand
function and HAQ between the TIRA patients and healthy referents were test-
ed with student t-tests, and differences in pharmacological treatment were cal-
culated in a cross-tabulation. A correction of the p values with Tukey’s
method was performed to reduce the risk of mass significance. Projections to
latent structures using SIMCA-P+ version 11.0 (Umetrics Inc. Umeå,
Sweden) was used to regress HAQ using the different hand function meas-
urements as X variables in cross-sectional analysis. To regress HAQ after 5
years longitudinally with patient characteristics at diagnosis as X variables, a
PLS based technique [projections to latent structures discriminate analysis
(PLS-DA)] was used29. In the longitudinal analyses, HAQ at M0 and M60
was categorized into “unaffected HAQ” and “affected HAQ”; these 2 groups
formed the classes in the PLS-DA. The cutoff limits were based on the HAQ
scores in the healthy referents. Accordingly, the 95% confidence interval in
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the healthy referents’ HAQ scores (i.e., 0–0.0835) was categorized as “unaf-
fected” HAQ, and higher value was categorized as “affected” HAQ. The PLS-
DA identified variables at M0 that can separate “unaffected” from “affected”
HAQ at M60. Two concepts were further used to describe the results of both
the PLS and PLS-DA analyses: R2 and Q2. R2 describes the goodness of fit
— the fraction of sum of squares of all the variables explained by a compo-
nent. Q2 describes the goodness of prediction — the fraction of the total vari-
ation of the variables that can be predicted by a component21. The variable
influence on projection (VIP) value gives information about the relevance of
each X variable, for both the X and Y-model parts. X-variables with a VIP
≥ 0.80 affect the model the most. A p value < 0.05 was considered as a sig-
nificant difference in all tests.

RESULTS
Dropouts in the TIRA cohort. Sixty-two (25%) of the 251
patients included at the 8 rheumatology units at M0 did not
participate in the study at M60. The dropouts were signifi-
cantly older (p = 0.001) with a mean age of 64 years, SD 15,
compared to the patients in the study group (mean 54 yrs, SD
15). The proportion of men was higher among the dropouts
(45% vs 31%, p = 0.045) and the dropouts had significantly (p
= 0.030) lower ESR (mean 28 mm/h, SD 19 vs 36 mm/h, SD
24). There were no other significant differences between the
dropouts and the included patients concerning the variables
listed in Table 1.
Pharmacological treatment. Ongoing medication was regis-
tered at all followup visits. At the time of inclusion, 3.9% of
the women and 3.4% of the men [nonsignificant (NS) sex dif-
ference] were taking disease modifying antirheumatic drugs
(DMARD). At the same occasion, 44.6% and 45.8%, respec-

tively, (NS) were prescribed DMARD. At the 3-year fol-
lowup, 65.3% of the women and 74.6% (NS) of the men were
taking DMARD, and at M60 the corresponding proportions
were 58.5% and 64.4% (NS).

Nonsteroidal antiinflammatory drugs (NSAID) were taken by
76.3% of women and 81.4% of men at time of inclusion (NS). At
M36, 58.5% of both women and men took NSAID. At M60,
41.3% of the women and 43.6% of the men (NS) took NSAID.
Hand function and HAQ in patients and referents. The patient
characteristics including hand function and HAQ at diagnosis
(M0) and after 5 years (M60) are displayed in Table 1. All
variables measured except walking speed, SOFI-upper limb,
and SOFI-lower limb had significantly improved in patients at
M60. SOFI-hand, GAT, grip force, and HAQ in healthy refer-
ents were measured at one occasion (Table 1).

According to the 3-way ANOVA, there were no sex differ-
ences in progress of GAT, grip force, or SOFI-hand from M0-
M60. There were no differences in GAT between women and
men at any followups (p > 0.05). According to SOFI-hand,
men had a more affected range of motion than women at M0
(p = 0.032), M3 (p = 0.037), and M6 (p = 0.001); thereafter
there were no significant differences. At all followups, men
had a grip force higher than women (p < 0.001). As measured
by GAT and Grippit, both women and men had significantly
more affected scores at M0 compared to the subsequent fol-
lowups. Measured by SOFI-hand women and men had a sig-
nificantly worse score at M0 compared to all followups except
M60, when the score tended to deteriorate again (Figure 1).

Table 1. Patient characteristics, hand function and HAQ in women and men at diagnosis (M0) and after 5 years (M60).
Hand function and HAQ in healthy women and men. Data are presented as mean and standard deviation (SD).

Healthy Referents Patients
Diagnosis (M0) After 5 Years (M60)

Mean (SD) Mean (SD) Mean (SD)
Women Men Women Men Women Men
n = 62 n = 61 n = 130 n = 59 n = 130 n = 59

Patient characteristics
Age, yrs 59 (15) 60 (15) 53 (15) 58 (13)
ESR, mm/h 35 (25) 37 (24) 21 (19) 25 (21)
CRP, mg/l 27 (27) 32 (32) 14 (21) 19 (23)
Swollen joints, 0–28 9 (6) 10 (5) 2 (4) 3 (4)
Tender joints, 0–28 9 (8) 10 (7) 3 (5) 3 (6)
PGA, 0–4 2.0 (0.8) 2.1 (0.7) 1.0 (0.8) 1.0 (0.9)
Pain, VAS 0–100 mm 48 (23) 53 (29) 40 (26) 39 (25)
Wellbeing, VAS 0–100 mm 46 (25) 41 (26) 37 (25) 37 (24)
Walking speed, s 14 (7) 14 (8) 14 (7) 13 (4)
SOFI-upper limb, 0–12 0.8 (1.6) 1.6 (2.3) 0.8 (1.3) 1.5 (2.2)
SOFI-lower limb, 0–16 2.3 (2.2) 2.1 (2.0) 2.0 (2.4) 2.0 (1.9)

Hand function
Grip force, N 198 (66) 343 (110) 92 (66) 185 (113) 121 (77) 218 (103)
SOFI-hand, 0–16 0.1 (0.3) 0.6 (1.1) 2.5 (2.8) 3.2 (2.9) 2.0 (2.2) 2.6 (2.2)
GAT, 10–276 17 (4) 18 (4) 27 (20) 26 (10) 22 (14) 22 (8)

HAQ, 0–3 0.07 (0.2) 0.05 (0.1) 0.9 (0.6) 0.8 (0.5) 0.8 (0.6) 0.5 (0.5)

ESR: erythrocyte sedimentation rate; CRP: serum C-reactive protein (mg/l); PGA: Physician’s global assess-
ment of disease activity; VAS: visual analog scale; SOFI: signals of functional impairment; GAT: grip ability
test; HAQ: Health Assessment Questionnaire.
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The progress of HAQ in the TIRA cohort is significantly
different (p < 0.001) in women compared to men (Figure 1).
In women, the HAQ score improved significantly from M0 to
M3 and then remained stable until M60, when it deteriorated
significantly. In men, the HAQ score improved significantly
during the first year and was thereafter stable without any sig-
nificant changes. At M0, there was no significant difference (p
= 0.12) between the HAQ scores in women and men with RA,
but at the following followups M12-M60 men had a signifi-
cantly better score than women. The patients consistently had
a significantly worse HAQ score than the referents.

In the healthy referents, men had a grip force higher than
women (p < 0.001), whereas women had a significantly better
range of motion according to SOFI-hand (p < 0.001). Neither
GAT nor HAQ differed significantly between healthy women
and men (p = 0.09 and p = 0.43, respectively). All of the 3 hand
function assessments (GAT, Grippit, and SOFI-hand) differed
significantly between the patients and referents at all followups.
Relationship between HAQ and hand function — cross-sec-
tional analyses. To understand the cross-sectional relationship
between different aspects of hand function and HAQ in
healthy referents and in the TIRA cohort, HAQ was regressed
in a number of PLS models using the different hand function

variables as predictors. In addition, sex and age were includ-
ed as variables in the analyses.

In healthy referents, one component explaining 40% of the
variation in HAQ (Q2 = 0.13) was identified. GAT (VIP =
1.60) and age (VIP = 1.11) were the important predictors (VIP
> 0.80) (Table 2). In the TIRA cohort at M0, 2 significant
components explained 38% of the variation (Q2 = 0.34) in
HAQ, with all 3 hand function variables identified as impor-
tant predictors: grip force (VIP = 1.43), SOFI-hand (VIP =
1.14), and GAT (VIP = 1.09). At M60 one significant compo-
nent was identified in the PLS, explaining 35% of the varia-
tion in HAQ (Q2 = 0.34). Grip force (VIP = 1.68) and GAT
(VIP = 1.03) were still important predictors (Table 2).

Sex was not an important predictor of HAQ in healthy ref-
erents or in patients with RA. In both healthy referents and
patients with RA, GAT was an important predictor of HAQ.
Furthermore, there were some differences in important pre-
dictors of HAQ between the referents and RA patients; how-
ever, in the group with RA, the same predictor — grip force
— was identified at M0 and M60.
Predictors of HAQ at M60 in patients — longitudinal analy-
sis. A PLS-DA was calculated to investigate whether an unaf-
fected HAQ (score 0–0.0835) or affected HAQ (score >

Figure 1. Mean value of grip force (right hand average value), SOFI-hand, GAT, and HAQ at the different followups in TIRA (M0-60) and at one occasion for
healthy referents. In GAT, SOFI-hand and HAQ a high score indicates an increased disability. Bars represent ± 1 SD. Differences between women and men; *p <
0.05, **p <0.01, ***p < 0.001. —��—: Women; —�—: Men.
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0.0835–3) at M60 may be explained by variables at M0. It
resulted in one significant component, explaining 8% of the
group belonging in HAQ. The strongest predictor of HAQ at
M60 was HAQ at M0 (VIP = 1.97). Other important predic-
tors at M0 were grip force (VIP = 1.75), SOFI-lower limb
(VIP = 1.41), sex (VIP = 1.39), walking speed (VIP = 1.27),
and GAT (VIP = 1.20) (Table 3). 

Because the laboratory variables and clinical signs (tender
joints, swollen joints, PGA, CRP, and ESR) at inclusion had a
VIP value < 0.8, these were not important variables when
explaining HAQ at M60 (Table 3).

DISCUSSION
During the last decade, management of patients with RA has
made tremendous progress in terms of early accurate diagno-
sis, early aggressive medication with traditional DMARD,
introduction of new potent biological antirheumatic pharma-
cotherapy, and structured clinical followup of outcome meas-
ures. The scientific documentation on pharmacotherapy and
its effects on inflammatory activity and radiological progres-
sion are extensive, although there are fewer studies that high-
light nonpharmacological management, functioning, and dis-
ability. We previously reported that hand function, similar to
most other variables studied in the Swedish TIRA project,
improved within 3 months after inclusion in the cohort and
then remained stable but still affected in relation to healthy
referents until the 3-year followup8. The present study reveals
that the stagnation regarding hand function also persisted after
5 years in both women and men. 

Nordenskiöld and Grimby26 reported the grip force in
women with longstanding RA (mean duration 12 yrs) to be
about 50% of that seen in healthy referents. In the present
study, 50% grip force reduction was found in patients with
early RA at inclusion, but within 3 months it improved to
approximately 60–70% of the healthy referents’ grip force.
This relationship was found in both women and men. The
lesser degree of grip force reduction seen in the present study

as compared to the results obtained by Nordenskiöld and
Grimby26 is probably explained by more aggressive early
interventions. Apart from its relation to sex26, grip force is
also explained by anthropometric measurements like the size
of the hand, forearm, weight, height, and age30. In our study,
the reference material was matched with regard to age distri-
bution of the patients with RA 36 months after inclusion. A
limitation in the study is that the group of healthy referents
consists of 50% men and the TIRA cohort of 31% men. A
power calculation showed that the groups of both men and
women are sufficient in size to detect differences between ref-
erents and patients. We found women compared to men had a
more favorable SOFI-hand score8 that persisted until the 5-
year followup. This sex difference appears to be constitution-
al since it was seen among the healthy referents as well. GAT,
in contrast, did not reveal any sex differences, neither in RA
patients nor in healthy referents. Another bias may be that the
patients in the TIRA cohort may become familiar with the
hand function tests during the followups, but since the tests
are so simple this has probably not affected the result. 

HAQ is a commonly used outcome variable in longitudinal
studies and is used to reflect activity limitations1,10,12.
Krishnan, et al reported that there were no significant differ-
ences in HAQ score between healthy women and men in a
Finnish population31. This agrees with the results in our study.

Table 2. Projections to latent structures (PLS) of health assessment ques-
tionnaire (HAQ) as the dependent variable (Y) and hand function vari-
ables, sex, and age as predictors (X variables) in healthy referents and in
patients with RA at diagnosis (M0) and 60 months after diagnosis (M60).
For each variable,  a variable influence of projection (VIP) is given, and a
variable with a VIP value >  0.80 is considered to be an important predic-
tor.

Variables Healthy Referents Patients M0 Patients M60
VIP VIP VIP

Grip force (N) 0.78 1.43 1.68
SOFI-hand (0-12) 0.72 1.14 0.71
GAT (10–276) 1.60 1.09 1.03
Sex 0.26 0.62 0.65
Age 1.11 0.29 0.41
R2/Q2 0.40/0.13 0.38/0.34 0.35/0.34

GAT: grip ability test; SOFI: signals of functional impairment.

Table 3. Variables with variable influence on projection (VIP) values of
component 1 when HAQ group at M60 was regressed in partial least
squares discriminate analyses at M60 in the TIRA-cohort. At the bottom
line is given R2 and Q2. The variables with VIP > 0.80 (above the dotted
line) are most important.

Type of Variables Patients
Variable

Y (M60) HAQ (group 0 or 1) at M60 VIP
X (M0) HAQ (group 0 or 1) 1.97
X (M0) Grip force 1.75
X (M0) SOFI-lower limb 1.41
X (M0) Sex 1.39
X (M0) Walking speed 1.27
X (M0) GAT 1.20
-----------------------------------------------------------------------------------------
X (M0) Wellbeing 0.78
X (M0) CRP 0.63
X (M0) SOFI-hand 0.63
X (M0) ESR 0.49
X (M0) Tender joints 0.42
X (M0) PGA 0.37
X (M0) Pain intensity 0.30
X (M0) Age 0.22
X (M0) SOFI-upper limb 0.15
X (M0) Swollen joints 0.09
R2/Q2 0.080/0.014

HAQ: Health Assessment Questionnaire; SOFI: signals of functional
impairment; GAT: grip ability test; CRP = serum C-reactive protein (mg/l);
ESR: erythrocyte sedimentation rate; PGA: Physician’s global assessment
of disease activity. HAQ group 0 indicates an unaffected HAQ score and
group 1 an affected HAQ score (see test for details).
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A limitation of our study is that we do not have knowledge
about the healthy referents’ general health and its influence on
the HAQ score. Since we know that they perceived a normal
hand function, this hopefully is not a large bias in the result.
At inclusion, HAQ in the TIRA cohort did not differ signifi-
cantly between the sexes, but from the 12-month followup and
onwards women had a significantly higher average score than
men, indicating a more reduced function. 

Several previous studies have similarly reported that
women with RA have more pronounced disability according
to HAQ than men15,32. Disability due to affected hand func-
tion occurs in over 80% of patients with RA with a mean dis-
ease duration of 8 years33. Reduced grip force in RA is asso-
ciated with activity limitation34. Because reduced grip force
correlates with increased HAQ, Thyberg, et al hypothesized
that the difference in HAQ between women and men is
explained by the grip force reduction rather than by sex per
se35. Our results support that the grip force is an important
predictor of HAQ in both a cross-sectional and longitudinal
perspective (Table 2). Interestingly, in the cross-sectional per-
spective, HAQ was explained by different hand function vari-
ables in healthy referents compared with RA patients at base-
line and after 5 years. Hence, GAT was the strongest predictor
of HAQ in the referents, whereas grip force was the strongest
predictor in RA patients. In contrast, Dellhag and Bjelle12
identified a stronger correlation between grip ability and HAQ
than grip force and HAQ in patients with longstanding RA
(disease duration 6–10 years). The explanation for this dis-
crepancy is not immediately obvious.

In the longitudinal PLS-DA analysis in this study, patient
characteristics at inclusion could explain — only to a small
extent (8%) — HAQ 5 years later. In line with previous
reports10,17, baseline HAQ is the best predictor of HAQ 5
years later. Tightly following baseline HAQ, we showed that
grip force at baseline was the most important predictor of 5-
year HAQ, a finding strengthening our notion that HAQ
strongly depends on grip force35. 

Agreeing with Häkkinen, et al36, we found that function in
the lower extremities (SOFI-lower limb) was an important
predictor of HAQ at the 5-year followup. Our study showed
high correlations between the early RA patients’ self-reported
variables at baseline and the 5-year follow-up, corroborating
previous results from the same cohort in a shorter time per-
spective9. Furthermore, agreeing with previous studies17,35,
our results showed that HAQ at the 5-year followup was not
explained by clinical signs of inflammation or laboratory
assessments at baseline. 

To conclude, our study strengthens the evidence that grip
force is a strong predictor of HAQ, in both cross-sectional and
longitudinal analyses. Nevertheless, despite early treatment
and improvements in hand function during the first 3 months
after diagnosis, both women and men continue to have an
affected hand function after 5 years as compared to healthy
persons. 
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