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Abstract
Rheumatoid arthritis occurs two to three times more often in women than in men and it has been less studied in men. The 
results of gender influence on clinical course of the disease are contradictory. The aim of this study is to determine the dif-
ference in handgrip strength between female and male RA patients in comparison to healthy individuals. The study included 
100 RA patients and 100 healthy individuals (50% were male in both groups). Handgrip strength was measured in both hands 
using a dynamometer. A two-way ANCOVA was used to analyse the data and age was included in the study as covariate. 
The results show that both male and female RA patients have lower handgrip strength compared to healthy individuals. The 
analysis of gender and disease interaction has shown that male RA patients have lower handgrip strength than female RA 
patients in comparison with the healthy group, age adjusted. This interaction is evident and statistically significant in both 
right hand (F 1, 195) = 14.62; p < 0.01) and left hand (F 1, 195) = 20.54; p < 0.01). The common-language effect size has 
shown that there is 92% (right hand) and 93% (left hand) chance that male individual will have stronger handgrip than his 
female counterpart. In RA patients, there is 77% chance for both hands that male will have stronger handgrip. Men and women 
with RA have significantly lower handgrip strength compared to healthy individuals and the difference is more pronounced 
in men which was not previously observed in the literature.

Keywords Rheumatoid arthritis · Hand strength · Sex characteristics · Muscle strength dynamometer · Muscle weakness · 
Disease progression

Introduction

RA is a chronic systemic autoimmune inflammatory dis-
ease that most clearly manifests itself in the joints, especially 
small joints of the hands, causing recognizable deformities 
and swellings. With proper diagnosis and treatment, it is 
important to monitor the condition and course of the dis-
ease and objectify it with various clinical measurements and 

laboratory parameters. There is no ideal biomarker or test 
for assessing disease activity in RA and it has been demon-
strated that combinations of relevant variables are of greater 
value in building a better picture of disease activity than 
single variables [1]. Therefore, it is reasonable to include 
any relevant outcome of disease activity that can be objec-
tively measured. One such quick and practical clinical meas-
urement is handgrip strength measured by a dynamometer. 
Handgrip strength in RA can be affected by pain, joint swell-
ing, and deformity, reduced range of motion of the joints, 
morning stiffness, and weakness of the arm muscles due to 
inactivity, all of which can cause poorer hand function. It is 
thought that grip strength constitutes 14% of all daily activi-
ties [2] and over 90% of RA patients suffer from involvement 
of hand and wrist joints [3].

According to the literature, there is a negative correlation 
of handgrip strength with hand function, functional impair-
ment and disability, pain, articular damage, duration of the 
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disease [4, 5], Health Assessment Questionnaire (HAQ) [2, 
4, 5], and 28-joint Disease Activity Score (DAS28) [1, 4, 5].

Handgrip strength has been used in the literature to study 
magnitude of strength loss in age-related sarcopenia and 
conditions with chronic inflammation, using RA as a rep-
resentative condition, because it has been shown that hand-
grip strength correlates well with the whole-body muscle 
strength and as a general indicator of frailty [6].

Some authors believe that the handgrip strength measure-
ment should be included in the evaluation and follow-up of 
patients with RA, as it provides information that cannot be 
obtained by other measuring instrument focused on multiple 
joints and other systemic manifestations of the disease (e.g., 
DAS28) and not primarily on the hand [7–9]. E.g., in a study 
of patients with advanced RA followed for 1 year while on 
TNF inhibitors, patients achieved considerable improve-
ment in hand function (including grip strength) that was 
only partly reflected by general disability and disease activ-
ity measures [9]. Recent research has found that handgrip 
strength is the single most efficient parameter to assess the 
functional status of the upper extremities in patients with 
rheumatic conditions [10].

Like other autoimmune diseases, RA affects women more 
often than men, and genetic (X-linked) and hormonal fac-
tors are thought to contribute to this. According to van Vol-
lenhoven, many observational studies suggest that RA has 
a poorer clinical picture in women than in men but despite 
this the literature is not clear whether there are real differ-
ences in the course and prognosis of RA between the sexes 
[11]. In a large cross-sectional QUEST-RA study, DAS28 
measurements show that women have a higher (worse) score 
than men; however, the authors concluded that most of the 
gender differences in RA disease activity may originate from 
the disease activity measures rather than from RA disease 
activity itself. For example, women with only one or no 
swollen joints had significantly higher levels of subjective 
disease activity as well as a higher DAS28 than men [12]. 
Conclusion on gender differences in grip strength in RA is 
aggravated by the fact that studies of RA as a predominantly 
female disease are mostly conducted on women, they include 
few male patients or no control group [1, 2, 4, 5] except for 
the meta-analysis by Beenaker et al. and the study of recent-
onset RA by Björk et al. conducted from 1996 to 1998. [13, 
14]. Considering the low number of male patients and tak-
ing previously mentioned unclear gender differences into 
account, we believe that handgrip in RA should be explored 
further.

The aim of our study is to present whether there is a dif-
ference in handgrip strength between men and women suf-
fering from RA compared to healthy people measured by 
a digital hand-held dynamometer. Males and females usu-
ally experience the reduction in muscle strength in same 
ratios—approximately 50% of older women and men show 

age induced reduction in strength [15], however, severity 
of handgrip strength loss may be different between sexes 
in individuals with RA. If there is a difference, we plan to 
identify whether the disease affects handgrip strength more 
in male or female patients.

Methods

Study population and design

For this cross-sectional study, 200 subjects, 100 with RA 
and 100 healthy subjects in the control group were recruited 
from our outpatient physical therapy unit at the Department 
for Rheumatology and Rehabilitation at Clinical Hospital 
Centre Zagreb. 50 women and 50 men were included in 
both groups. Table 1 provides the descriptive parameters of 
the study groups and Table 2 presents descriptive clinical 
parameters of RA patients.

The study was comprised of patients who were diagnosed 
with RA in Clinic for rheumatic diseases, Clinical Hospi-
tal Centre Zagreb, according to the classification criteria 
formulated by the American College of Rheumatology and 
the European League Against Rheumatism in 2010 [16], 
and written informed consent was obtained from all of the 
participants.

We obtained the data about disease duration of the dis-
ease and the medications used by patients. All the included 
patients were diagnosed in our clinic, so the data about 
disease duration was obtained from the clinic archive. 

Table 1  Descriptive sample parameters

Participants

Variables Control 
group 
(N = 100)

RA group (N = 100)

Gender
 Male 50 (50.0%) 50 (50.0%)
 Female 50 (50.0%) 50 (50.0%)

Age
 Male [mean (SD)] 51.9 (17) 60.5 (12.1)
 Female [mean (SD)] 53.2 (15.4) 62.5 (12.8)

Disease duration of RA [years]
 Male [mean (SD)] ∅ 9.66 (7.14)
 Female [mean (SD)] ∅ 16.2 (11.1)

Right handgrip strength [kg]
 Male [mean (SD)] 42.8 (10.7) 21.2 (10.8)
 Female [mean (SD)] 23.7 (7.99) 11.4 (7.79)

Left handgrip strength [kg]
 Male [mean (SD)] 40.9 (9.91) 19.2 (8.53)
 Female [mean (SD)] 22.6 (7.89) 11.0 (6.89)
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Patients receiving biologics were not included in this 
study. Patients were excluded if they have severe psychi-
atric disease, restricted hand motion due to skin lesion, 
neurologic disorders, hand, and wrist surgery of trauma. 
The joints of the patients were also examined, and the 
number of tender (TJC) and swollen joints (SJC) was noted 
as was the length of morning hand stiffness (LMS). We 
also used functional questionnaires such as General Health 
Visual Analogue Scale (GH VAS) on 0–100 scale, Health 
Assessment Questionnaire (HAQ), Functional Assessment 
of Chronic Illness Therapy–Fatigue score (FACIT–F) and 
Disease Activity Score (DAS 28–ESR). In addition, the 
rheumatoid factor (RF), erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) levels were ascer-
tained. All these variables were used to better understand 
the participants in RA group and comparatively analyse 
male and female participants to determine whatever there 

were any significant differences between them that could 
affect the results of handgrip strength.

Hand deformities that developed due to RA were also 
evaluated. Subjects for the control group were selected 
randomly among patients who came to physical therapy 
to our department due to another health problem and did 
not suffer from RA. We did not include patients in control 
group that had any kind of hand pathology or cervical 
spine disorders.

Handgrip strength was measured by a manual digital 
dynamometer (Saehan Model SH5003) with the strength 
measured in kilograms (range: 0–136  kg, resolution: 
0.1 kg). Measures were taken in the seated position, with 
the arm supported, elbow bent at 90 degrees, leaning 
against the body, the hand in a neutral position holding 
the dynamometer. The patients were instructed to squeeze 
the dynamometer as hard as they could. Grip strength was 
measured three times in each subject and the highest meas-
ured value was taken.

Statistical analysis

Clinical parameters were tested between genders to check 
if there are any differences between males and females 
with non-parametric Mann–Whitney U test after testing 
the assumption of normality with Shapiro-Wilks’s test 
and visually by inspecting QQ plots. Spearman correla-
tion coefficient was calculated between socio-demographic 
variables, clinical variables, and handgrip strength. Both 
Mann–Whitney U test and Spearman’s correlation serve 
to get a better understanding of participants with RA in 
this study.

Two-way ANCOVA was used to analyse the data with 
gender and RA as independent factors. Based on the premise 
that aging and disease duration could be significant factors in 
the loss of handgrip strength both were included in the early 
models. In model no. 1, only age was used as a covariate, 
while in model no. 2, disease duration and age were both 
used as covariates. Assumptions of linearity, homogeneity 
of regression slopes, normality of residuals, homoscedastic-
ity, and lack of outliers were tested in both models. The two 
viable models were tested against each other, and model 
no. 2 (age and disease duration as covariates) was not sig-
nificantly better than model no. 1 (only age as covariate), 
so the simpler model was used. The covariate of disease 
duration did not add to the explanatory power of the model. 
Estimated marginal means (EMM) were calculated from 
the fitted model and were adjusted appropriately by the age 
covariate. Post hoc pairwise tests were performed with the 
Bonferroni correction. Generalized eta squared and Com-
mon Language Effect Size (CLES) were used to calculate 
effect sizes. Analysis was performed by R, version 4.0.3.

Table 2  Descriptive sample parameters

LMS Length of morning hand stiffness, SE erythrocyte sedimentation 
rate, CRP C-reactive protein, VAS GH visual analogue scale for gen-
eral health, HAQ health assesssment questionnaire disability index, 
FACIT functional assessment of cchronic illness therapy, DAS 28 dis-
ease activity score

Participants with RA Mann–whitney 
U test

Male
(N = 50)

Female (N = 50) U p

Length of RA 4577.5 0.27
 Mean (SD) 9.66 (7.14) 16.2 (11.1)

LMS [min] 692.5 0.59
 Mean (SD) 48.2 (41.4) 52.2 (55.9)
 Missing 22 (44.0%) 4 (8.0%)

Tender joint count 1191.5 0.69
 Mean (SD) 10.2 (8.46) 11.1 (9.15)

Swollen joint count 1159 0.53
 Mean (SD) 5.06 (5.37) 5.74 (5.37)

Rheumatoid factor 1013.5 0.10
 Mean (SD) 82.9 (166) 101 (116)

SE [mm/hr] 1048.5 0.17
 Mean (SD) 30.9 (23.1) 38.0 (25.1)

CRP [mg/L] 1128 0.40
 Mean (SD) 14.2 (21.5) 14.4 (17.1)

VAS GH 1167.5 0.69
 Mean (SD) 53.2 (19.7) 55.8 (21.8)
 Missing 0 (0%) 1 (2.0%)

HAQ 1309 0.69
 Mean (SD) 1.59 (1.18) 1.44 (0.652)

FACIT 1323.5 0.61
 Mean (SD) 28.1 (10.5) 27.2 (11.7)

DAS 28 4985 0.97
 Mean (SD) 5.23 (1.28) 5.22 (1.38)
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Results

Table 1 presents socio-demographic characteristics and 
handgrip measurement results in RA patients and the con-
trol group. Table 2 provides descriptive clinical parameters 
of RA patients along with the results of Mann–Whitney U 
test which shows that there are no statistically significant 
differences in clinical parameters between male and female 
patients. Table 3 shows correction coefficients between 

clinical variables, crossed out coefficients are not statistically 
significant. All the assumptions for ANCOVA were checked 
before conducting the analysis. ANCOVA has shown sta-
tistically significant interactions between the strength of 
the right handgrip [F (1,195) = 14.62; p < 0.001)] and the 
strength of the left handgrip [F(1,195) = 20.54; p < 0.001)] 
as shown in Figs. 1 and 2, respectively. The effect sizes of 
the handgrip strengths are small based on the generalized eta 
squared (ηg

2) measure.

Table 3  Correlation coefficients of clinical variables in RA patients

FACIT-F functional assessment of chronic illness therapy, STR Right right handgrip strength, STR Left left handgrip strength, LMS Length 
of morning hand stiffness, TJC Tender joint count, SJC swollen joint count, RF rheumatoid factor, ESR erythrocyte sedimentation rate, CRP 
C-reactive protein, VAS GH visual analogue scale for general health, HAQ Health assessment questionnaire disability index, Length Length of 
disease duration, DAS 28 disease activity score, *denotes that p < 0.05

Length Age STR right STR left LMS TJC SJC RF SE CRP VAS GH HAQ FACIT-F

Age 0.42*
STR right − 0.47* − 0.42*
STR left − 0.30* − 0.27* 0.77*
LMS 0.15 0.21 − 0.21 − 0.09
TJC 0.14 0.06 − 0.20 − 0.15* 0.27
SJC 0.19 0.09 − 0.15 − 0.07 0.21 0.25
RF 0.20 0.19 − 0.23 − 0.15 0.13 − 0.06 − 0.01
ESR 0.27* 0.03 − 0.38* − 0.33* 0.23 0.21 0.21 0.27
CRP 0.27* 0.12 − 0.37* − 0.31* 0.21 0.17 0.20 0.27 0.72*
VAS GH 0.34* 0.06 − 0.32* − 0.25* 0.05 0.27* 0.16 0.09 0.37* 0.24*
HAQ 0.11 0.09 − 0.44* − 0.30* 0.13 0.30* 0.08 0.01 0.11 0.10 0.45*
FACIT-F − 0.19* − 0.10 0.36* 0.24* − 0.15 − 0.26* − 0.03 0.05 − 0.14 − 0.08 − 0.49* − 0.63*
DAS 28-ESR 0.30* 0.09 − 0.36* − 0.31* 0.32 0.80* 0.54* 0.10 0.63* 0.47* 0.55* 0.32* -0.30*

Fig. 1  Interaction plot—right 
hand strength
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Table 4 shows that all pairwise comparisons of handgrip 
strengths between males and females, regardless of hav-
ing RA, are statistically significant. However, differences 
between healthy males and females are much more pro-
nounced than the differences between males and females 
with RA. Common language effect size (CLES) for differ-
ences between the strength of the right handgrip for healthy 
males versus healthy females is 92%, which means that a 
randomly chosen healthy male has a 92% probability of hav-
ing stronger right handgrip than a randomly chosen healthy 
female. CLES for differences in the strength of the left hand-
grip between healthy males and females is 93%. CLES for 
the strength between both the right and the left handgrips 
among males and females with RA is 77% for both hands.

Given this statistically significant interaction (Figs. 1, 
2), the differences in handgrip strength between males and 
females is influenced by RA. There is a greater difference 
in handgrip strength in healthy individuals than in those 
with RA. The data and code are available in supplementary 
materials.

Discussion

Like earlier studies, our results confirm a significantly 
weaker handgrip strength in women and men with RA 
than in the general population [13, 14]. Also, correlations 
between handgrip strength and clinical variables in RA 
patients in our study are concurrent with recent research 
[17]. Analysis of the disease–sex interaction showed that 
men with RA had lower handgrip strength than women 
with RA when compared with the healthy group, age-
adjusted, and the interaction was significant for both 
hands (right hand (F 1, 195) = 14.62; p < 0.01; left hand 
(F 1, 195) = 20.54; p < 0.01). Men with RA had 46–49% 
(left and right) handgrip strength of healthy men, whereas 
women with RA had an average of 48% (for both hands) 
grip strength of healthy women.

This result is comparable to the meta-analysis by Been-
akker et al. who found that hand grip strength of middle-
aged RA patients was approximately half the value of the 

Fig. 2  Interaction plot—left 
hand strength

Table 4  Pairwise comparison of 
EMM  modified by age (males 
vs. females)

∆EMM difference (males vs. females) of estimated marginal mean modified by ag, σ∆EMM standard error 
of EMM, LCI lower confidence interval, UCI upper confidence interval, t t statistic, p p value modified by 
Bonferroni correction

∆EMM σ∆EMM LCI UCI t P

Healthy right 18.7 1.74 15.26 22.14 10.73 < 0.001
RA right 9.28 1.74 5.84 12.72 5.32 < 0.001
Healthy left 18.01 1.59 14.94 21.22 11.34 < 0.001
RA left 7.87 1.59 4.72 11.01 4.93 < 0.001



1800 Rheumatology International (2021) 41:1795–1802

1 3

healthy population [13], while Björk et al. found a 50% 
grip force reduction in patients with a recent-onset RA 
(onset of joint swelling not more than 12 months after 
diagnosis), but within 3 months, it improved to approxi-
mately 60–70% of the healthy referents’ grip force, both 
in male and female groups. The authors explained this by 
more aggressive early interventions [14].

In an older study from 1993 conducted among female RA 
patients, the authors found that afflicted women showed a 
greatly reduced grip strength (on average 21% of the control 
values) when compared to healthy women [18]. We believe 
that this large difference compared to ours and the other 
mentioned studies is a possible consequence of the effective-
ness of treatment with newer drugs for RA today.

Literature shows that men with RA have convincingly 
stronger hand strength, better results in functional measures, 
and lower disease activity than women [12] but as far as 
it is known to the authors, no one noticed lower handgrip 
strength in men with RA than women with RA when com-
pared to healthy individuals. We believe the reason is that 
men are stronger in all tests, so the question was not whether 
they lose as much hand strength as women when they get 
sick. Van Vollenhoven explains worse functional outcomes 
in female patients by the fact that greater muscle strength in 
men allows them to compensate in a more successful manner 
for functional losses, and not by differences in the disease 
between the sexes per se [11].

Normative values for grip strength in patients with RA 
have proved hard to determine, because grip strength is usu-
ally addressed before the initiation of biological therapy and 
advances in treatment resulting in improvement of patient’s 
outcomes. Handgrip strength results can be influenced by 
different study protocols, different instruments used or the 
number of grip attempts [8]. This may influence the com-
parison of new and future results with the values of research 
done previously.

Another interesting fact that could contribute to a differ-
ence in handgrip strength in men observed in the literature 
is that men with RA have lower free testosterone level than 
healthy men [19]. We think that the lack of testosterone in 
male patients opens the possibility of existence of hormo-
nal differences in men with RA which can contribute to a 
decrease in muscle strength as well as hand strength.

We believe that more factors can affect the weaken-
ing of hand strength in men compared to women. One 
possible explanation, from the psychosocial aspect is that 
afflicted men are less active than healthy men due to pain 
and changes in the hands when compared to both healthy 
women and women with RA, so the difference in hand 
strength is greater between men with and without RA than 
between women under the same conditions. A study of 
Moroccan men (on a sample of 100 patients with RA) 
found that stopping work due to disease was significantly 

more common in men than in women and that it may be 
due to men having more physically strenuous jobs than 
women [20]. We think this could be contributed to afflicted 
men being less manually active than women in various 
jobs, manual work, and housework, causing them to lose 
more hand muscle strength compared to women because of 
inactivity. It is worth noting that we consider not recording 
patients’ daily activity level, occupation, and work status 
a downside of our study since it may have contributed to 
our male RA group being manually less active.

There is a difference in the age of healthy and RA 
patients in our study, e.g., men with RA were older (their 
average age was 60 years, while the average age of healthy 
men was 52 years), but the results were age-adjusted and 
should not affect the results.

As the handgrip in RA patients is painful, it could also 
be affected by pain threshold. Socially, in the culture of 
our country, there is a widespread belief that women have 
a higher pain threshold, or better pain tolerance, but this 
has not been confirmed in any experimental studies with 
painful stimuli where women would show higher sensitiv-
ity to pain and lower pain threshold than men [21].

We would like to point out that the primary limitation 
of our study is its design. It is not an experimental and lon-
gitudinal type of study so we cannot assume direct causal 
relationship between our conclusions and the results of 
handgrip strength testing. Also, due to being limited by 
the number of men, we could recruit for the study in the 
reasonable amount for time, because of large differences 
in prevalence of RA between males and females [22], we 
have not performed a power calculation before recruiting 
the participants for the study. Second, we did not collect 
the data on patients’ daily activity level, occupation, and 
work status. Although such information might be an influ-
ence on the results, we are certain that they would not 
change our conclusion. We believe that our study provides 
good reference values for handgrip strength in men with 
RA due to many male patients included and can act as a 
first step towards revaluating loss of handgrip strength in 
male RA patients. Since local changes in hands (contrac-
ture, finger deformities), or differences in analgesics used 
prior to testing can also influence the results, we consider 
not recording these parameters a drawback in our study, 
which would show the severity distribution of the disease 
in our subjects and exclude the possibility that our male 
RA subjects had a more aggressive form of the disease and 
consequently worse outcome than our female RA subjects.

Future similar studies should be of a longitudinal type 
and daily activity levels should be included in study, 
because there are potential differences in and daily activity 
between genders in RA patients and reduced general physi-
cal activity is associated with weaker handgrip strength 
[23].
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In conclusion, within the limitations of this study, we 
confirmed that both male and female RA patients have 
lower handgrip strength compared to healthy individu-
als. Also, by calculating the interaction between gender 
and the disease for both hands, we have found that male 
patients with RA have lower handgrip strength than female 
patients with RA in comparison with the healthy group 
which, as far as the authors know, has not been observed 
in the literature. Literature shows that men with RA have 
stronger hand strength, better results in functional meas-
ures, and less disease activity [11–13] compared to women 
with RA. However, it has not been reported that overall 
decrease in handgrip strength seems greater in men with 
RA than women. We find this result interesting because 
of the old dilemma whether RA in men and women is 
the same disease. Since it has been shown that handgrip 
strength correlates well with muscle strength of the whole 
body, we agree with other authors that this measurement 
method could also be useful in clinical practice to identify 
patients who lose more total muscle strength and prevent 
disability in potential subjects who need intervention to 
maintain functional independence in RA. We believe the 
results of this study are unexpected and that the study 
should be repeated longitudinally on a larger number of 
male and female patients with the same initial degree of 
the disease to see if men with RA really lose more hand-
grip strength than women.
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