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ABSTRACT 
Introduction: Depressive symptoms represent a major 
public health concern among middle-aged and older 
adults. Grip strength, a key indicator of physical frailty and 
biological ageing, and sleep disturbance, a recognised 
precursor of depression, have been independently linked 
to mental health outcomes. However, their combined  
effect on depressive symptoms remains unexplored.  
This study aimed to examine the association between  
grip strength levels, sleep status and their combined  
effects on the risk of depressive symptoms in middle-aged 
and older adults.
Methods: This prospective cohort study included 
16,395 participants from the Survey of Health, Ageing 
and Retirement in Europe, followed from 2006 to 2017.  
Logistic regression and generalised estimating equations 
were used to examine associations.
Results: During follow-up, 5241 participants (31.97%) 
developed depressive symptoms, with higher incidence 
in females (58.98%). After adjusting for covariates, both 
low grip strength (odds ratio [OR] 1.12, 95% confidence 
interval [CI] 1.02–1.23) and sleep disturbance (OR 1.66, 
95% CI 1.50–1.84) were independently associated with 
elevated risk of depressive symptoms. A synergistic  
effect was observed: individuals with both low grip  
strength and sleep disturbance had 1.87 times higher 
risk (95% CI 1.60–2.17) compared to those with high  
grip strength and no sleep disturbance. Sex- and age-
stratified analyses revealed stronger associations in males 
and older adults (≥70 years).
Conclusion: Low grip strength and sleep disturbance are 
independently and synergistically associated with risk of 
depressive symptoms. Screening for both factors may 
help identify high-risk individuals for targeted preventive 
interventions.

Keywords: affective disorder, depressive symptoms, grip 
strength, middle-aged and older adults, sleep disturbance

CLINICAL IMPACT

What is New
•	 To the authors’ knowledge, this is the first prospective 

study to demonstrate a synergistic effect between 
low grip strength and sleep disturbance on the risk 
of depressive symptoms in middle-aged and older 
adults.

•	 The combined presence of both factors was 
associated with a 1.87-fold increased risk, 
substantially exceeding the risk conferred by either 
factor alone.

Clinical Implications
•	 Routine screening integrating grip strength 

measurement and sleep assessment may help 
identify high-risk individuals for targeted depression 
prevention.

•	 Preventive interventions combining physical exercise 
with sleep hygiene strategies should be considered 
for individuals presenting with co-occurring low grip 
strength and sleep disturbance.

INTRODUCTION
Depression is a a major global health concern that 
significantly affects health worldwide.1-3 According to  
the Global Burden of Disease Study 2021, approxi-
mately 332 million people globally suffer from  
depressive disorders, with the age-standardised 
prevalence increasing by 11.3% from 1990 to 2021 and 
projected to continue rising through 2040.4,5 Popula-
tion ageing further compounds this issue, increasing 
the strain on global health systems.6 As one of the  
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The inclusion criteria were: (1) age ≥50 years and  
(2) participation in the baseline survey (wave 2). 
Participants were excluded if they had: (1) missing 
information on baseline grip strength or sleep status,  
(2) incomplete depressive symptoms scale data 
at baseline, (3) prevalent depressive symptoms at  
baseline or (4) no participation in any of the 4 follow- 
up surveys (waves 4–7). A final sample of 16,395 
participants was included in the analysis.

Variable definition
Grip strength was measured using a Smedley hand 
dynamometer following a standardised protocol 
established by SHARE. Participants performed 
measurements in a standing position, with 2 trials 
conducted for each hand. The maximum value from 
all 4 measurements was used for analysis, consistent  
with established epidemiological guidelines that 
recommend using peak grip strength to capture 
optimal muscle performance.24,25 This approach avoids 
the complexity of dominant versus non-dominant 
hand differentiation while maintaining measurement 
reliability.26,27 Device calibration was performed 
according to SHARE study protocols. Sex-specific cut-
off values were determined using receiver operating 
characteristic curve analysis to maximise Youden’s 
index for depression outcomes in the study population, 
which has been successfully employed in multiple 
large-scale epidemiological studies.28-31 The optimal 
cut-offs were 42.50 kg for males and 26.50 kg for 
females, which were used to classify participants into 
low and high grip strength groups. Sex represents the 
most significant determinant of absolute grip strength 
values,32 while age-related decline in grip strength 
was appropriately accounted for by including age as  
a continuous covariate in all adjusted models.33

Sleep status was assessed by self-report and classified  
as normal sleep or sleep disturbance based on 
participants’ responses about their recent sleep status.

Depressive symptoms were assessed using the 12-
item European Depression Scale (EURO-D), which 
evaluates symptoms experienced over the past month. 
Items are scored 0 or 1, yielding a total score from  
0 to 12, with higher scores indicating greater depres- 
sive symptomatology. Consistent with previous 
studies,34,35 a score ≥4 was defined as depressive 
symptoms. For the analysis of depressive symptoms 
frequency, participants were categorised based on  
the number of follow-up waves in which they met 
the criteria for depressive symptoms (0, 1, 2 or more  
times). It should be noted that the EURO-D is a  
screening tool and does not constitute a clinical  
diagnosis of major depressive disorder. It identifies 
individuals with elevated depressive symptomatology 
warranting clinical attention.

most common psychiatric disorders in middle-aged 
and older adults, depression severely impairs their 
quality of life and adds to the societal disease burden.7 
Significant depressive symptoms in older adults are 
linked to numerous health issues, including functional 
and cognitive impairment, physical disability, and 
the onset or worsening of chronic diseases.8,9 These 
symptoms can also elevate the risk of self-harm and 
suicide.10,11 However, the subtle nature of depression 
often leads to delayed diagnosis and treatment.12 
Therefore, identifying easily measurable and modi-
fiable risk factors is crucial for the early detection and 
management of depression.

Grip strength, a simple and non-invasive measure- 
ment, has emerged as a key indicator of physical frailty  
and overall health status in older adults.13,14 Low grip 
strength reflects declining muscle function15 and 
is recognised as a robust biomarker of biological 
ageing.16 Grip strength has also been correlated with 
numerous health outcomes, including nutritional  
status,17 cognitive function18 and mental health.19 
Its simplicity and low cost make it an ideal indicator  
for large-scale population screening.20,21 Sleep 
disturbance, another common problem in middle- 
aged and older adults, is also recognised as both a 
key precursor and symptom of depression.3,22 The 
relationship between sleep disturbance and depres-
sion is bidirectional, with poor sleep quality potentially 
preceding and exacerbating depressive symptoms.23

While previous studies have examined the associations 
of grip strength and sleep status with depression 
separately, most were cross-sectional in design, limiting 
causal inference and generalisability due to a lack  
of longitudinal data and smaller sample sizes. 
Furthermore, the combined effect of grip strength and 
sleep status on depression risk remains unexplored. 
Therefore, this prospective study aimed to investigate 
the individual and combined associations of grip  
strength and sleep status with the risk of depressive 
symptoms in a large cohort of 16,395 middle-aged  
and older adults.

METHODS

Data source and study population
Data were sourced from the Survey of Health, Ageing 
and Retirement in Europe (SHARE), a multidisciplinary 
and cross-national panel database. SHARE collects 
longitudinal microdata on the health, socioeconomic 
status and social networks of individuals aged 50 
and over across Europe. This study utilised data from 
SHARE, with wave 2 (2006) serving as the baseline. 
Participants were monitored for subsequent incident 
depressive symptoms across 4 waves: wave 4 (2011), 
wave 5 (2013), wave 6 (2015) and wave 7 (2017).
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Based on prior literature,28 the following covariates 
were included: sex, age, region, education level, work 
status, family economic situation, smoking, alcohol 
consumption, physical activity, self-rated health and 
number of chronic diseases.

Statistical analysis
Baseline characteristics were compared using 2-sample 
t-tests or ANOVA for continuous variables and chi-
square tests for categorical variables. Both logistic 
regression and generalised estimating equations  
(GEE) were used to analyse the associations.36,37 A 
2-sided P value <0.05 was considered statistically 
significant. All analyses were conducted using SAS 
version 9.4 (SAS Institute, Cary, NC, US).

RESULTS

Study population characteristics
The study included 16,395 participants with a mean  
age of 63.15 ± 8.70 years (range: 50–97), comprising 
8297 (50.61%) males and 8098 (49.39%) females. 
During the follow-up period, 5241 participants 
(31.97%) experienced incident depressive symptoms. 
Of these, 3349 (20.43%) were identified with depressive 

symptoms once, and 1892 (11.54%) were identified 
with depressive symptoms 2 or more times. A total 
of 3634 participants (22.17%) had never experienced 
depressive symptoms and served as the control group. 
Incident depressive symptoms were more prevalent 
in females (n=3091; 58.98%) than in males (n=2150; 
41.02%).

Baseline characteristics of the study population, 
categorised by depressive symptom outcomes during 
follow-up, are presented in Table 1. Significant diffe-
rences were observed across all assessed variables. 
Compared to the non-depressed group, participants  
who developed depressive symptoms were generally 
older, more likely to be retired or unemployed, reported 
financial difficulties, were physically inactive, had 
poor self-rated health and a higher number of chronic  
diseases. They also had a higher prevalence of low  
grip strength and sleep disturbance, but a lower 
prevalence of smoking and alcohol consumption.

Association between grip strength, sleep disturbance 
and risk of depressive symptoms
Table 2 presents the results from the logistic regression 
analysis for the association of baseline grip strength 
and sleep status with the risk of incident depressive 

Table 1. Baseline characteristics of participants by depressive symptom status.

Covariates No depressive 
symptoms 
(n=3634)

With depressive 
symptoms 
(n=5241)

P value Single episode of 
depressive symptoms 

(n=3349)

Recurrent  
depressive symptoms  

(n=1892)

P value

Sex <0.001 <0.001

Male 2010 (55.31) 2150 (41.02) 1459 (43.57) 691 (36.52)

Female 1624 (44.69) 3091 (58.98) 1890 (56.43) 1201 (63.48)

Age 61.74 ± 7.45 64.73 ± 9.09 <0.001 64.57 ± 9.24 65.00 ± 8.83 <0.001

Region <0.001 <0.001

Central 1219 (33.54) 1125 (21.47) 733 (21.89) 392 (20.72)

Eastern 0 (0.00) 584 (11.14) 414 (12.36) 170 (8.99)

Western 792 (21.79) 1256 (23.96) 785 (23.44) 471 (24.89)

Southern 609 (16.76) 1512 (28.85) 909 (27.14) 603 (31.87)

Northern 1014 (27.90) 764 (14.58) 508 (15.17) 256 (13.53)

Education years 12.07 ± 4.24 10.38 ± 4.30 <0.001 10.55 ± 4.31 10.08 ± 4.29 <0.001

Working condition <0.001 <0.001

Work 1493 (41.08) 1245 (23.76) 856 (25.56) 389 (20.56)

Retire 1702 (46.84) 2841 (54.21) 1798 (53.69) 1043 (55.13)

Unemployed 425 (11.70) 1138 (21.71) 683 (20.39) 455 (24.05)

Missing 14 (0.39) 17 (0.32) 12 (0.36) 5 (0.26)
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Table 1. Baseline characteristics of participants by depressive symptom status. (Cont’d)

Covariates No depressive 
symptoms 
(n=3634)

With depressive 
symptoms 
(n=5241)

P value Single episode of 
depressive symptoms 

(n=3349)

Recurrent  
depressive symptoms  

(n=1892)

P value

Economic situation <0.001 <0.001

So difficult 103 (2.83) 398 (7.59) 240 (7.17) 158 (8.35)

Difficult 467 (12.85) 1057 (20.17) 666 (19.89) 391 (20.67)

Easy 926 (25.48) 1199 (22.88) 777 (23.20) 422 (22.30)

So easy 1070 (29.44) 834 (15.91) 564 (16.84) 270 (14.27)

Missing 1068 (29.39) 1753 (33.45) 1102 (32.91) 651 (34.41)

Smoking status <0.001 0.002

Smoking 2324 (63.95) 3151 (60.12) 2005 (59.87) 1146 (60.57)

No smoking 575 (15.82) 955 (18.22) 623 (18.60) 332 (17.55)

Missing 735 (20.23) 1135 (21.66) 721 (21.53) 414 (21.88)

Drinking status <0.001 <0.001

Hardly 828 (22.78) 2197 (41.92) 1361 (40.64) 836 (44.19)

Occasionally 1385 (38.11) 1500 (28.62) 1001 (29.89) 499 (26.37)

Frequently 1406 (38.69) 1527 (29.14) 976 (29.14) 551 (29.12)

Missing 15 (0.41) 17 (0.32) 11 (0.33) 6 (0.32)

Physical activity <0.001 <0.001

Adequate 3181 (87.53) 4118 (78.57) 2677 (79.93) 1441 (76.16)

Lacking 439 (12.08) 1105 (21.08) 659 (19.68) 446 (23.57)

Missing 14 (0.39) 18 (0.34) 13 (0.39) 5 (0.26)

Health status <0.001 <0.001

Good 3131 (86.16) 3522 (67.20) 2361 (70.50) 1161 (61.36)

Bad 503 (13.84) 1717 (32.76) 986 (29.44) 731 (38.64)

Missing 0 (0.00) 2 (0.04) 2 (0.06) 0 (0.00)

Chronic diseases <0.001 <0.001

No 1437 (39.54) 1453 (27.72) 1004 (29.98) 449 (23.73)

One 1182 (32.53) 1640 (31.29) 1050 (31.35) 590 (31.18)

Two or more 1015 (27.93) 2140 (40.83) 1289 (38.49) 851 (44.98)

Missing 0 (0.00) 8 (0.15) 6 (0.18) 2 (0.11)

Grip strength <0.001 <0.001

High 2532 (69.68) 2737 (52.22) 1796 (53.63) 941 (49.74)

Low 1102 (30.32) 2504 (47.78) 1553 (46.37) 951 (50.26)

Sleep status <0.001 <0.001

Normal sleep 3045 (83.79) 3866 (73.76) 2540 (75.84) 1326 (70.08)

Sleep disturbance 589 (16.21) 1375 (26.24) 809 (24.16) 566 (29.92)
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symptoms. After adjusting for all covariates, low 
baseline grip strength was associated with a higher 
risk of a single depressive episode (odds ratio [OR] 
1.19, 95% confidence interval [CI] 1.02–1.39, P=0.031) 
and recurrent episodes (OR 1.17, 95% CI 0.97–1.41, 
P=0.094). The risk associated with low grip strength  
was similar for a single depressive episode and for 
recurrent episodes, although the latter did not reach 
statistical significance. In contrast, baseline sleep distur-
bance was significantly associated with an increased 
risk for both a single depressive episode (OR 1.44,  
95% CI 1.21–1.71, P<0.001) and recurrent episodes  
(OR 2.01, 95% CI 1.65–2.45, P<0.001), with the 
risk being notably higher for recurrent depressive 
symptoms.

Combined effect of grip strength and sleep disturbance 
on risk of depressive symptoms
The combined effects of baseline grip strength and 
sleep status on risk of depressive symptoms are shown 
in Table 3. Both logistic regression and GEE were used 
for the analysis. After full covariate adjustment, in the 
absence of sleep disturbance, the association between 
low grip strength and risk of depressive symptoms was 
not significant for either single (P=0.069) or recurrent 
episodes (P=0.132). However, a significant interaction 
was observed, where the presence of sleep disturbance 
enhanced the association between low grip strength 
and depressive symptoms. The combination of low grip 
strength and sleep disturbance was associated with 
a significantly elevated risk of depressive symptoms, 
particularly for recurrent episodes (single episode: OR 
1.75, 95% CI 1.33–2.31, P<0.001; recurrent episodes: 
OR 2.38, 95% CI 1.75–3.23, P<0.001).

The GEE analysis yielded consistent results. 
Individually, both low grip strength (OR 1.12, 95%  
CI 1.01–1.25, P=0.035) and sleep disturbance  
(OR 1.66, 95% CI 1.45–1.91, P<0.001) were associated 
with a higher risk of depressive symptoms. A synergistic 
effect was observed, with the combined presence 
of both factors resulting in the highest risk (OR 1.87,  
95% CI 1.60–2.17, P<0.001).

Sex-stratified analysis
Sex- and age-stratified analyses are presented in  
Fig. 1. A significant interaction was found between grip 
strength and sex (P for interaction = 0.026), but not 
between sleep status and sex. After full adjustment,  
low grip strength was significantly associated with 
a higher risk of depressive symptoms in males (OR 
1.19, 95% CI 1.02–1.38, P<0.001) but not in females  
(OR 1.04, 95% CI 0.89–1.20, P<0.001). Sleep 
disturbance was associated with a higher risk in both 
sexes, though the effect was more pronounced in 
males (OR 1.92, 95% CI 1.56–2.37) than in females 

(OR 1.48, 95% CI 1.23–1.78). The combined effect of 
both factors was significant in both sexes but showed 
a greater magnitude in males (OR 2.14) compared to 
females (OR 1.66).

Age-stratified analysis
As shown in Fig. 1, the association between grip  
strength and depressive symptoms varied by age, 
whereas the association for sleep disturbance 
was consistent across age strata. After adjusting 
for covariates, low grip strength was significantly 
associated with risk of depressive symptoms only in 
individuals aged 70 years and older (OR 1.39, 95%  
CI 1.14–1.69, P=0.001). In contrast, sleep disturbance 
was associated with an elevated risk in all age groups, 
with the effect size increasing with age, from an OR of 
1.50 in the 50–59 age group to 1.87 in the ≥70 age 
group. A synergistic effect for the combination of low 
grip strength and sleep disturbance was observed 
across all age groups, with the highest risk found in 
the 50–59 age group (OR 2.27, 95% CI 1.68–3.06, 
P<0.001).

Longitudinal analysis of grip strength, sleep status 
and risk of depressive symptoms
Fig. 2 illustrates the association of the combined factors 
with risk of depressive symptoms at each follow-up 
wave. Compared to the reference group (high grip 
strength, sleep disturbance), sleep disturbance alone 
was consistently associated with an elevated risk of 
depressive symptoms across all 4 follow-up waves  
(ORs ranging from 1.53 to 1.96). Low grip strength 
alone was significantly associated with risk of  
depressive symptoms only at wave 7 (OR 1.29, 95%  
CI 1.07–1.56, P<0.001); this association was not 
significant at other waves. The combined effect of both 
risk factors was significantly associated with a higher 
risk of depressive symptoms across all 4 follow-up 
surveys, with ORs ranging from 1.72 to 2.20.

DISCUSSION
In this large prospective cohort study of European 
middle-aged and older adults, findings reveal that  
low grip strength and sleep disturbance were 
independently associated with an elevated risk of 
depressive symptoms. More importantly, a synergistic 
effect was identified between the following 2 factors: 
individuals with both low grip strength and sleep 
disturbance had a substantially higher risk of depres-
sive symptoms compared to those with either factor 
alone. Sex- and age-stratified analyses revealed that 
these associations were more pronounced in males 
and in older adults. Furthermore, longitudinal analysis 
demonstrated that the combined effect remained 
consistent across all follow-up waves.
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Sex differences in depressive symptoms
Consistent with most existing literature, a significantly 
higher incidence of depression was found in women 
than in men.38 This sex disparity is often attributed to 
a combination of hormonal, psychological and social 
factors.39,40 Interestingly, while depressive symptoms 
were more prevalent in women, the associations 
between low grip strength, sleep disturbance and their 
combined effects with risk of depressive symptoms 

were stronger in men. This finding contrasts with some 
studies reporting more pronounced associations in 
females and warrants careful interpretation.31 Several 
factors may explain this observation. First, grip 
strength may have differential validity as a health 
indicator across sexes. Some evidence suggests that 
grip strength is a less sensitive marker of frailty in men 
compared to women,41 potentially due to greater 
baseline muscle mass and different patterns of age-

Fig. 1. Effects of grip strength and sleep disturbance on depressive symptoms, by sex and age group.

CI: confidence interval; GS: grip strength; OR: odds ratio
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related muscle loss in men. Consequently, when 
men do exhibit low grip strength, it may represent a 
more advanced stage of physical decline, thereby 
showing a stronger association with adverse mental 
health outcomes. Second, occupational factors may 
differentially influence grip strength in men, particularly 
in cohorts where manual labour was more common 
among males.42 Third, men may be less likely to seek 
help for or report depressive symptoms, meaning 
that those identified with depressive symptoms in 
this study may represent more severe cases.43 Finally, 
psychosocial factors such as the perceived loss of 
physical strength and functional independence may 
have a greater psychological impact on men, for  
whom physical capability is often closely tied to self-
identity and social roles.

Grip strength and depressive symptoms
This study reinforces grip strength as a robust predictor 
of depression. This aligns with numerous studies, 
including a large cohort study that found a negative 
association after extensive covariate adjustment,29  
and an Irish study where high grip strength was linked 
to a 34.10% lower prevalence of depression.31 

From a biological perspective, grip strength serves as 
an indicator of overall physical health and sarcopenia,44 
which may share several pathways with depression 
beyond chronic inflammation. These include hormonal 
dysregulation (particularly cortisol and sex hormones), 
mitochondrial dysfunction and oxidative stress—all of 
which are implicated in both muscle function decline 
and mood regulation.45

Psychological and social mechanisms may underlie 
the association between reduced grip strength and 
depressive symptoms.46,47 Declining physical capability 
can undermine self-efficacy, body image and perceived 
independence, potentially eliciting grief or fear of 

future dependency, while also limiting participation  
in meaningful activities and social roles, thereby 
increasing social isolation.48 This relationship is likely 
bidirectional, as depression may further contribute  
to reduced physical activity, poor nutrition and  
subsequent muscle loss, creating a negative feedback 
cycle.49

Sleep disturbance as a risk factor for depressive 
symptoms
Findings also confirm that sleep disturbance is not 
merely a secondary symptom but an independent 
risk factor and a potential prodromal symptom for 
depression.23 This is supported by studies showing that 
poor sleep quality can precede depressive symptoms 
and may mediate the effects of stress on depression,50 
possibly through mechanisms like reduced hippo- 
campal volume.51 The strong, dose-response relation-
ship observed—where sleep disturbance conferred a 
higher risk for recurrent depression—emphasises the 
critical importance of addressing sleep disturbance in 
clinical practice.

Combined effect of grip strength and sleep  
disturbance
To the authors’ knowledge, this is the first study to 
investigate the combined effect of grip strength and 
sleep status on the risk of depression. The key finding 
is the synergistic interaction between these 2 factors. 
The risk of depression for individuals with both low 
grip strength and sleep disturbance was substantially 
greater than the risk associated with either factor  
alone. This novel finding suggests that individuals 
with co-occurring poor physical strength and sleep 
disturbance represent a key high-risk population for 
targeted preventive interventions that could integrate 
physical exercise and sleep hygiene programmes.

Fig. 2 Association of the combined effect of grip strength and sleep status with depressive symptoms in successive follow-up surveys.

CI: confidence interval; GS: grip strength; OR: odds ratio
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Advantages and limitations
The strengths of this study include its large sample  
size; prospective design with a long follow-up; and the 
use of the standardised, high-quality SHARE database. 
The application of both logistic regression and GEE 
models enhances the robustness of the findings. 
However, several limitations must be considered. First,  
as an observational study, causality cannot be inferred, 
and residual confounding may exist. An illustrative 
example is the counterintuitive finding that partici-
pants without depressive symptoms had higher  
alcohol consumption rates. This may reflect several 
factors: reverse causation52 whereby depression 
leads to reduced alcohol intake, the sick quitter 
phenomenon53 where individuals cease drinking due 
to health problems, or unmeasured confounding 
by social engagement patterns typical in European 
drinking culture.54 Second, the assessment of both 
grip strength and sleep status could introduce 
measurement bias. The authors could not adjust for 
all potential confounders, such as body mass index,55 
nutritional status,56 medication use57 (including 
psychotropic medications and over-the-counter sleep 
aids) or genetic predispositions, which may influence 
both grip strength and depressive symptoms. Third, 
loss to follow-up could have introduced selection  
bias. Finally, the study population consisted exclusively 
of European adults, which limits generalisability to 
other populations.

CONCLUSION
This prospective study found a high prevalence of 
clinically significant depressive symptoms among 
European middle-aged and older adults, with 
notable sex differences. Low grip strength and sleep  
disturbance were independently associated with 
elevated risk of depressive symptoms, and their 
combined presence showed a potentially synergistic 
association. While these findings should be interpreted 
with caution given measurement limitations and the 
possibility of residual confounding, they suggest that 
screening for both reduced physical strength and  
sleep disturbance may help identify individuals at 
elevated risk for depressive symptoms. Future studies 
with more comprehensive assessments of exposures 
and outcomes are needed to confirm these associa-
tions and inform targeted preventive strategies.
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