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Gerson Ferrari g, Tiago D. Ribeiro b, Adilson Marques b,c,* 

a Ecole Normale Supérieure de Rennes, France 
b CIPER, Faculdade de Motricidade Humana, Universidade de Lisboa, Lisbon, Portugal 
c ISAMB, Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal 
d Department of Physical Education, Federal University of Vale do São Francisco, Petrolina, Brazil 
e Department of Physical Education and Sport, University of Madeira, Funchal, Portugal 
f Laboratory of Robotics and Engineering Systems (LARSYS), Interactive Technologies Institute, Funchal, Portugal 
g Escuela de Ciencias de la Actividad Física, el Deporte y la Salud, Universidad de Santiago de Chile (USACH), Santiago, Chile   

H I G H L I G H T S  

• For the first time the moderating effect of grip strength in the association between multimorbidity and depression was explored. 
• Grip strength buffers the harmful association between multimorbidity and depression. 
• Muscle-strengthening activities may be used to reduce the impact of multimorbidity on depression.  
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A B S T R A C T   

Background: Grip strength (GS) is associated to both multimorbidity and depression, however its possible 
moderating effect is unknown. This study aimed to investigate GS moderating effect on the association between 
multimorbidity and depression. 
Methods: Data from SHARE wave 8 was used. Participant were 41457 middle-aged and older adults (17954 men) 
from 18 European countries. A regression analysis was conducted for the moderating effect of sex- and age- 
specific GS quartiles (W) on the association between number of chronic diseases (X1) or multimorbidity (X2) 
and depression symptoms (Y). 
Results: More chronic diseases were associated with greater depressive symptomatology (men: B = 0.39, 95 % CI: 
0.35, 0.42; women: B = 0.42, 95 % CI: 0.39, 0.45). On the other hand, being in a higher GS quartile was 
associated with fewer depression symptoms, and this association was stronger the higher the quartile was. 
Having a higher GS represented a decrease in depression symptoms associated with multimorbidity for men 
(quartile 1: B = 0.85, 95 % CI = 0.74, 0.95 vs. quartile 4: B = 0.49, 95 % CI = 0.38, 0.61) and women (quartile 1: 
B = 1.08, 95 %CI = 0.97, 1.19 vs. quartile 4: B = 0.59, 95 %CI: 0.47, 0.70). 
Conclusions: Strategies aiming to reduce the impact of multimorbidity on mental health should promote muscle- 
strengthening physical activity among middle-aged and older adults.   

1. Background 

Mental health conditions are increasing worldwide. Among them, 
depression is a common mental disorder characterised by persistent 

sadness and a lack of interest or pleasure (APA, 2013). The worldwide 
prevalence of major depressive disorder is approximately 6%, however, 
the lifetime risk of depression is three times higher (15–18 %) (Malhi & 
Mann, 2018). Depression can profoundly affect all aspects of life, such as 
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quality of life, relationships with others, education, work opportunities, 
and productivity (WHO, 2017). Furthermore, depression is often asso-
ciated with physical comorbidity (Lotfaliany et al., 2018) and other 
mental disorders (Plana-Ripoll et al., 2019). In addition to being a 
burden for individuals, depression imposes an immense economic 
burden on society and healthcare systems due to the costs of pharma-
cotherapy and psychotherapy in the long term for many people (Chis-
holm et al., 2016). 

Depression is a common comorbidity among patients with chronic 
diseases, being two to three times more likely in people with multi-
morbidity (Read et al., 2017). However, multimorbidity and depression 
have a bidirectional association, as baseline depression can also 
contribute to an increased risk of multimorbidity (Triolo et al., 2020). 
Largely due to the aging population trend, the prevalence of multi-
morbidity is increasingly common and complicates the assessment and 
management of depression (Read et al., 2017). 

Physical activity is a well-known protective factor associated with 
depression (Marques et al., 2021) and multimorbidity (Marques et al., 
2018). Engaging in physical activity improves health by different 
mechanisms. One of them is by increasing physical fitness, including 
muscular fitness. Thus, grip strength, a maximum hand static force 
measure commonly used to capture overall muscular strength, is also 
related to depression and multimorbidity. Having greater grip strength 
decreases the odds of depression, especially for older adults (Marques 
et al., 2020), and multimorbidity (Bohannon, 2019). 

Prevention of depression should be a priority of the public health 
system for adults and older adults with multimorbidity, for whom 
depression is highly prevalent (Hu et al., 2022). Given its inverse asso-
ciation with depression and multimorbidity, grip strength may have an 
important role in managing depression for people with multimorbidity. 
However, to the best of our knowledge, the moderator role of grip 
strength in the relationship between multimorbidity and depression in 
middle-aged and older adults remains unexplored. As grip strength can 
be improved through physical activity, this knowledge could be useful to 
adapt guidelines and improve outcomes to limit the adverse effects of 
multimorbidity on depression. Therefore, this study aimed to investigate 
the moderating role of grip strength in the relationship between multi-
morbidity and depression. 

2. Methods 

2.1. Procedures and participants 

Secondary data from the Survey of Health, Aging, and Retirement in 
Europe (SHARE) was used. Data was collected from October 2019 to 
March 2020, before the COVID-19 pandemic, being part of the SHARE 
wave 8, (Börsch-Supan, 2022). SHARE collects information on in-
dividuals aged 50 and over in some European countries and Israel 
biannually since 2000, providing a multidisciplinary view to future 
challenges of population ageing. Data was collected through face-to-face 
interviews of approximately 90 min at the participant’s residence. In 
each country data collection was the responsibility of a national orga-
nization (e.g. universities), however it was organized similarly by 
following the SHARE methodology (Bergmann & Börsch-Supan, 2021). 
Household visits conducted by trained interviewers were performed 
using Computer Assisted Personal Interview. SHARE protocol was 
approved by the Ethics Council of the Max-Plank Society for the 
Advancement of Science, verifying the procedures to guarantee confi-
dentiality and data privacy. 

Participants from SHARE wave 8 that presented data on grip 
strength, depression symptoms, multimorbidity, physical activity 
participation, country, sex and age were included in the study. The 
sample comprised 41 457 participants, 17 954 men and 23 503 women 
(mean age ± standard deviation= 69.82 ± 9.00 years) from 18 coun-
tries (Austria, Belgium, Croatia, Czech Republic, Denmark, Estonia, 
France, Germany, Greece, Israel, Italy, Luxembourg, Poland, Portugal, 

Slovenia, Spain, Sweden, and Switzerland). 

2.2. Measures 

Outcome: depression symptoms. The EURO-D 12-item scale was 
administered to measure depression symptoms. Prince et al. (1999) 
described the scale and the validating process elsewhere. Score range 
between 0 and 12, with higher scores indicative of higher depressive 
symptomatology. 

Moderator: grip strength. Grip strength was assessed twice on each 
hand using a handheld dynamometer (Smedley, S Dynamometer, TTM, 
Tokyo) with respondents standing or sitting, keeping the upper arm tight 
against the trunk, their elbow fixed at a 90◦ angle, and a neutral wrist 
position. Participants were asked to squeeze the dynamometer with each 
hand as hard as possible and maintain it for 5 s. Before the assessment, 
participants could practice. The force of grip strength was recorded in 
kilograms (valid measurements comprised values of two measures in 
one hand that differed by less than 20 kg). Grip strength measurements 
of 0 kg or over 100 kg were excluded. Moreover, as grip strength 
significantly differs between men and women and declines with age 
(Leong et al., 2016), sex- and age-specific quartiles were calculated. 
Therefore, the sample was simultaneously stratified by sex and cate-
gorical age using five years age groups (50–54, 55–59, 60–64, 65–69, 
70–74, 75–79, 80–84, 85–89 and over 90). For each sex and age group 
the grip strength quartile was calculated. A higher quartile indicates 
stronger grip strength for a particular sex and age group. 

Independent variable and covariates. The main independent variable 
was multimorbidity, defined as two or more chronic conditions (van den 
Akker et al., 2001). To assess multimorbidity, participants were asked to 
report the presence or absence of diseases diagnosed by a medical 
doctor. The number of chronic diseases was summed to produce a score 
and classify participants as having or not multimorbidity. Covariates 
considered in this study were age, sex, country, and physical activity 
behaviour. All covariates were self-reported. To assess physical activity 
behaviour, participants reported the number of days per week they 
engage in moderate physical activity (e.g., brisk walking, gardening, or 
household activities) and in vigorous physical activity (e.g., hiking, 
sports, carrying heavy loads). Responses included “more than once a 
week”, “once a week”, “up to 3 times a month”, and “hardly ever or 
never”. The last two response options were grouped into “less than once 
a week”. 

2.3. Statistical analysis 

Data analysis was performed using SPSS Statistics, version 29 (IBM 
Corp., Armonk, NY). Statistical significance was set at p < 0.05. 
Descriptive statistics (including the percentage or mean and 95 % con-
fidence interval [CI]) were calculated for all variables for the total 
sample and each sex separately. Then, a moderator regression analysis 
was conducted for two models (see Fig. 1) with the PROCESS macro for 
SPSS version 4.2 (Hayes, 2022). In both models, the moderator was grip 
strength quartiles (W), and the dependent variable was depression 
symptoms (Y). In model 1 the independent variable was the number of 
chronic diseases (X1), whereas in model 2 it was multimorbidity (X2). 
Both models were adjusted for age, country and physical activity 
behaviour, and the analysis was stratified by sex. 

3. Results 

Table 1 shows the characteristics of the participants. Participation in 
moderate physical activity was similar for men and women. However, 
more men than women reported participating in vigorous physical ac-
tivity more than once a week (36.5 %, 95 % CI: 35.8, 37.2 vs 29.3 %, 95 
% CI: 28.8, 29.9). More than half (52.0 %, 95 % CI: 51.6, 52.6) of the 
participant had multimorbidity, and it was slightly more prevalent in 
women (50.2 %, 95 % CI: 49.5, 50.9 vs. 53.4 %, 95 % CI: 52.8, 54.1). 
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Furthermore, women presented more depression symptoms than men 
(1.90, 95 % CI: 1.87, 1.93 vs. 2.63, 95 % CI: 2.60, 2.66). 

Participants characteristics by grip strength quartile are presented in 
table S2. Men and women in the highest quartile reported participating 
more in moderate and vigorous physical activity. Furthermore, they had 
a lower prevalence of multimorbidity and depression scores than those 
in the lowest quartile. 

The moderation analysis for model 1 (X1= number of chronic dis-
eases) is presented in Table 2. More chronic diseases were associated 
with greater depressive symptomatology (men: B = 0.39, 95 % CI: 0.35, 
0.42; women: B = 0.42, 95 % CI: 0.39, 0.45). On the other hand, being in 
a higher grip strength quartile was associated with fewer depression 
symptoms, and this association was stronger the higher the quartile was. 
The interaction effect of chronic diseases with grip strength was 

negative, meaning that being in a higher grip strength quartile 
hampered the positive association between the number of chronic dis-
eases and depression. For men, compared with quartile 1, being in any 
grip strength quartile provided significant protection (quartile 2: B =
-0.11, 95 % CI: -0.15, -0.06; quartile 3: B = -0.11, 95 % CI: -0.16, -0.07; 
quartile 4: B = -0.15, 95 % CI: -0.20, -0.10), whereas for women this 
moderation effect was only significant for quartiles 3 and 4 (quartile 3: B 
= -0.06, 95 % CI: -0.11, -0.02; quartile 4: B = -0.11, 95 % CI: -0.16, 
-0.06). This interaction is corroborated by the decreasing B coefficient of 
the association between chronic diseases and depression symptoms 
observed with increasing grip strength quartile. To further investigate 
the possible interaction with age a sub-group analysis for each age group 
examining the moderating effect of grip strength was performed (table 
S2). The pattern of association was different for different age groups and 
for men and women. Men presented a varying pattern with younger age 
groups (50–59 years) presenting a moderating effect for middle quartiles 
(2 and 3) and older age groups (85+ years) and others (60–64 and 70–47 
years) showing a greater moderating effect for the highst grip strength 
quartile. Women main moderation effect was found only for the stron-
gest quartile and between 60 and 79 years old. 

The association between multimorbidity and depression symptoms 
moderated by grip strength for men and women (model 2, X2= multi-
morbidity) is illustrated in Fig. 2. Grip strength significantly moderated 
this association, having a protective effect. For both sexes being in a 

Fig. 1. Moderator regression analysis models: association between number of chronic diseases (X1) or multimorbidity (X2) and depression symptoms (Y) moderated 
by grip strength (W). 

Table 1 
Participants characteristics for the total sample and by sex.   

Mean or % (95 %CI)  

Total (n =41 
457) 

Men (n =17 
954) 

Women (n =23 
503) 

Age (years) 69.82 (69.73, 
69.91) 

70.22 (70.09, 
70.34) 

69.52 
(69.40,69.64) 

Moderate physical 
activity    
Less than once a 
week 

18.5 (18.1, 
18.9) 

17.6 (17.1, 
18.2) 

19.2 (18.7, 19.7) 

Once a week 14.9 (14.6, 
15.2) 

15.0 (14.5, 
15.6) 

14.9 (14.5, 15.4) 

More than once a 
week 

66.6 (66.1, 
67.0) 

67.4 (66.7, 
68.1) 

65.9 (65.3, 66.5) 

Vigorous physical 
activity    
Less than once a 
week 

52.4 (51.9, 
52.9) 

48.5 (47.8, 
49.2) 

55.4 (54.7, 56.0) 

Once a week 15.2 (14.8, 
15,5) 

15.0 (14.5, 
15.5) 

15.3 (14.8, 15.8) 

More than once a 
week 

32.4 (32.0, 
32.9) 

36.5 (35.8, 
37.2) 

29.3 (28.8, 29.9) 

Grip strength (kg) 32.03 (31.92, 
32.13) 

40.67 (40.53, 
40.82) 

25.42 (25.34, 
25.51) 

Grip strength groups    
Quartile 1 27.9 (27.4, 

28.2) 
27.5 (26.9, 
28.2) 

28.1 (27.5, 28.6) 

Quartile 2 25.6 (25.2, 
26.0) 

25.7 (25.1, 
26.4) 

25.5 (24.9, 26.0) 

Quartile 3 23.4 (22.9, 
23.8) 

23.7 (23.1, 
24.3) 

23.1 (22.5, 23.6) 

Quartile 4 23.1 (22.7, 
23.5) 

23.1 (22.5, 
23.7) 

23.2 (22.5, 23.6) 

Chronic diseases 
(number) 

1.86 (1.84, 
1.87) 

1.79 (1.77, 
1.81) 

1.91 (1.89, 1.93) 

Multimorbidity    
No 48.0 (47.5, 

48.5) 
49.8 (49.1, 
50.6) 

46.6 (45.9, 47.2) 

Yes 52.0 (51.6, 
52.6) 

50.2 (49.5, 
50.9) 

53.4 (52.8, 54.1) 

EURO-D scale (score) 2.32 (2.29, 
2.34) 

1.90 (1.87, 
1.93) 

2.63 (2.60, 2.66)  

Table 2 
Moderation analysis for the association between the number of chronic diseases 
and depression symptoms by sex- and age-specific grip strength quartile.   

B (95 %CI) for EURO-D scale (score)  

Men (n = 17 954) Women (n = 23 
503) 

Chronic diseases (number) 0.39 (0.35, 0.42) 0.42 (0.39, 0.45) 
Grip strength groups   

Quartile 1 0.00 (ref.) 0.00 (ref.) 
Quartile 2 -0.06 (-0.18, 

0.05) 
-0.21 (-0.33, -0.10) 

Quartile 3 -0.07 (-0.19; 
0.05) 

-0.27 (-0.39, -0.15) 

Quartile 4 -0.14 (-0.26, 
-0.24) 

-0.34 (-0.46, -0,22) 

Chronic diseases x grip strength 
(interaction)   
Quartile 1 0.00 (ref.) 0.00 (ref.) 
Quartile 2 -0.11 (-0.15, 

-0.06) 
-0.04 (-0.09, 0.00) 

Quartile 3 -0.11 (-0.16, 
-0.07) 

-0.06 (-0.11, -0.02) 

Quartile 4 -0.15 (-0.20, 
-0.10) 

-0.11 (-0.16, -0.06) 

Chronic diseases by grip strength   
Quartile 1 0.39 (0.35, 0.42) 0.42 (0.39, 0.45) 
Quartile 2 0.28 (0.25, 0.31) 0.38 (0.35, 0.41) 
Quartile 3 0.27 (0.23, 0.31) 0.36 (0.32, 0.39) 
Quartile 4 0.23 (0.19, 0.27) 0.31 (0.27, 0.35) 

Analysis was adjusted for age, country, moderate and vigorous physical activity. 
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higher grip strength quartile represented a decrease in depression 
symptoms associated with multimorbidity. For women in quartile 1, 
having multimorbidity contributed to having one more depression 
symptom (B = 1.08, 95 %CI: 0.97, 1.19), while being in quartile 4 only 
contributed to “half” a symptom (B = 0.59, 95 %CI: 0.47, 0.70). A 
similar reduction was observed for men, as the B coefficient decreased 
from 0.85 (95 % CI: 0.74, 0.95) in quartile 1 to 0.49 (95 % CI: 0.38, 0.61) 
in quartile 4. 

4. Discussion 

For the first time, this study explored the moderating effect of grip 
strength in the association between multimorbidity and depression 
symptoms among middle-aged and older adults from 14 European 
countries. Findings showed that individuals with greater grip strength 
have a weaker association between multimorbidity and depression, 
suggesting that grip strength has a protective effect. Thus, public health 
strategies aiming to reduce the impact of multimorbidity on mental 
health should promote muscle-strengthening physical activity among 
middle-aged and older adults. 

A recent scoping review showed the prevalence of multimorbidity 
(defined as having more than one chronic condition) considerably var-
ies, from 15.3 to 93.1 %, between investigations (Chua et al., 2021). In 
this study, the prevalence of multimorbidity was 52.0 %, in the middle 
of the literature prevalence range. Furthermore, the prevalence was 
slightly higher for women (53.4 %) than for men (50.2 %). Sex is a 
well-recognised determinant of multimorbidity. Men tend to have more 
cardiovascular and metabolic disorders, and women have more psy-
chogeriatric diseases (Abad-Diez et al., 2014). In fact, in this study, 
women presented more depression symptoms than men, being 

consistent with previous research (Salk et al., 2017). 
Having more chronic diseases was associated with greater depressive 

symptomatology. In contrast, greater grip strength was related to fewer 
symptoms. These findings are corroborated by previous research (Mar-
ques et al., 2020; Read et al., 2017). Furthermore, a negative interaction 
effect of chronic diseases and grip strength on depression was found. 
Therefore, being in a higher grip strength quartile hampered the positive 
association between both the number of chronic diseases and multi-
morbidity with depression. Although it was expected that grip strength 
could buffer this relationship as it is known to protect against depression 
(Marques et al., 2020) and multimorbidity (Bohannon, 2019), to the best 
of our knowledge, this is the first study to examine its moderation effect. 
The association between multimorbidity and depression was weaker the 
higher the quartile was for both sexes. Following our findings, future 
research should investigate how possible differences between men and 
women may affect the protective effect of grip strength on the associa-
tion between multimorbidity and depression. 

Several mechanisms may explain why grip strength, an indicator of 
overall muscular strength, affects the association between multi-
morbidity and depression. This is especially relevant for middle-aged 
and older adults with an age-related decline in muscle mass and 
strength. As a potential physical mechanism, skeletal muscle contraction 
releases several cytokines into circulation. These cytokines could protect 
against the risk of several diseases, including depression (Kohler et al., 
2017). Therefore, having greater muscle strength is related to a better 
anti-inflammatory profile among middle-aged and older age, decreasing 
the risk for several physical diseases (Bano et al., 2017) and depression 
(Steptoe et al., 2012). Furthermore, resistance training lowers oxidative 
stress (Gacitua et al., 2018), which is associated with increased multi-
morbidity and depression (Kandola et al., 2019). 

Fig. 2. Association between multimorbidity and depression symptoms moderated by grip strength for men and women.  
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Multimorbidity may lead to increase functional difficulties in addi-
tion to ageing that jeopardises the performance of daily life tasks. On a 
psychological aspect, poor physical functioning can affect feelings of 
achievement (Laredo-Aguilera et al., 2018) and self-efficacy, repre-
senting protective factors for depression symptoms (Kandola et al., 
2019). Moreover, resistance training reduces painful comorbidities such 
as arthritis and low back pain (Magni et al., 2017) and improves 
neuromuscular coordination and balance, reducing the risk of falls and 
injuries from falls (Granacher et al., 2013). Eventually, having greater 
strength allows for more independence in daily life activities (Lar-
edo-Aguilera et al., 2018). Thus, older adults with greater mobility and 
less disability can engage in social activities and receive social support, 
leading to a lower risk for depression (Kandola et al., 2019). 

From a public health perspective, these findings emphasise the 
importance of promoting physical activity and improving muscular 
fitness to counteract the nefarious association between multimorbidity 
and depression, supported by the age-related decline in muscle mass and 
strength (Kim & Choi, 2013). Therefore, it reinforces the current phys-
ical activity recommendations, which suggest that older people engage 
in muscle-strengthening activities involving major muscle groups at 
least twice a week. Therefore, mental health professionals and public 
health policy should include resistance training as a preventive measure 
and treatment strategy to buffer the impact of multimorbidity and 
depression. 

Several limitations of this study warrant mention. First, the cross- 
sectional design precludes making causal inferences, thus, a potential 
reverse relationship cannot be excluded. Secondly, the grip strength 
assessment did not consider information about cultural variations of the 
use of grip strength in daily social routines and participants’ hand size, 
which could affect grip strength. Moreover, grip strength was only re-
ported from participants who agreed to perform this test, leading to 
potential selection bias. It is possible that participants included were the 
ones with better grip strength in the SHARE sample. Thirdly, the number 
of chronic diseases, depression symptoms and physical activity behav-
iour were self-reported, which can lead to bias. Finally, information 
about each participant’s family history of depression that may affect 
depression symptoms was unavailable. Despite these limitations, this 
study also presents some strengths. A large representative sample from 
several countries with heterogeneous participants in terms of culture 
and sociodemographic characteristics was used. Therefore, our findings 
may be generalisable. Grip strength was collected using a standardised 
protocol in all countries and by trained individuals. Furthermore, using 
sex- and age-specific quartiles allowed for a better classification of 
middle-aged and older adults in their relative strength profile. 

5. Conclusion 

Regardless of gender and age, grip strength has a protective 
moderator effect on the relationship between multimorbidity and 
depression symptoms among middle-aged and older adults. Greater grip 
strength was related to a decreased association between multimorbidity 
and depression symptoms, buffering this harmful association. Our 
findings suggest that policies for promoting mental health should 
include physical activity to increase muscle strength to improve mental 
health. 
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