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Objective: To investigate the association between handgrip strength and suicidal 
thoughts in a representative sample of the US adult population using data from the 
National Health and Nutrition Examination Survey (NHANES).
Population and Methods: Data from two waves of NHANES (2011‐2014) were ag-
gregated. Handgrip strength in kilogram (kg) was defined as the maximum value from 
the dominant hand. Suicidal thoughts were assessed using one question “Over the last 
2 weeks, how often have you been bothered by the following problem: Thoughts that 
you would be better off dead or of hurting yourself in some way?” and dichotomized 
to no (not at all) and yes (several days/ more than half the days/ nearly every day). 
Sex‐specific logistic regressions were carried out to analyze associations between 
handgrip strength and suicidal thoughts.
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1  |   INTRODUCTION

More than 800 000 people die by suicide each year, and there 
may have been more than 20 others attempting suicide for 
each completed suicide.1 The US suicide mortality rate in 
2016 was 15.3 per 100  000, well above the global average 
(10.6 per 100 000).2 Consequently, suicide prevention is an 
important part of the Mental Health Action Plan of the World 
Health Organization (WHO), with the goal of reducing the 
rate of suicide in each country by 10% between 2012 and 
2020.3 A precursor to suicide per se is suicidal thoughts. It is 
estimated that the cross‐national lifetime prevalence (standard 
error) of suicidal ideation is 9.2%, and of these, 60% transition 
to plan and attempt within the first year after ideation onset.4

Having a mental health condition has been shown to be 
an important risk factor for suicide ideation.5-7 Emerging re-
search suggests handgrip strength is associated with mental 
health complications in adults of both sexes.8 Literature shows 
weaker handgrip strength to be associated with a lower physi-
cal quality of life,9-11 which in turn, is likely to have a detrimen-
tal impact on mental health.12,13 On the other hand, those with 
mental health complications might be more likely to develop 
weaker handgrip strength, in so far as mental health complica-
tions might cause a decline in systemic physical functioning.14 
It has been suggested that handgrip strength could be used as 
a simple tool in clinic to identify those at risk of or suffering 
from mental health complications as well as disability.15

Suicidal ideation is not classified as a mental disorder per 
se but is indeed a trait of many mental health complications.5-7 
It is therefore plausible that handgrip strength is associated 
with suicidal thoughts. In the only study of its kind to date in 
one million adolescent males, using the Swedish military con-
scription register, it was found that higher muscular strength 
(highest 10th vs lowest 10th knee extension and handgrip) was 
associated with a 20%‐30% lower risk of death from suicide.16 
Similar analyses need to be carried out in other populations 

of both males and females to investigate if such associations 
exist to inform public health policy and clinical practice. 
Importantly, the literature reports a higher prevalence of sui-
cidal ideation in females compared with males.4,17-20 Hence, 
the aim of the present study was to investigate sex‐specific 
association between handgrip strength and suicidal thoughts 
in a representative sample of the US adult population.

2  |   METHODS

2.1  |  Study population
The National Health and Nutrition Examination Survey 
(NHANES) is a repeated cross‐sectional nationally rep-
resentative health examination survey study in the United 
States. The design of the study has been detailed elsewhere.21 
In brief, the NHANES program collected data using com-
plex, stratified, multistage, clustered samples of civilian, 
non‐institutionalized populations of around 5000 individuals 
in each survey cycle (2 years) that are representative of the 
US population ages 2 months and older. A mobile examina-
tion center (MEC) was used to conduct the physical exami-
nation for survey participants. Participants provided written 
informed consents, and study procedures were approved by 
the National Center for Health Statistic's research ethics re-
view board.22 We extracted and aggregated data on suicidal 
thoughts, handgrip strength, and other characteristics from 
NHANES cycles 2011‐2012, and 2013‐2014. The present 
sample was restricted to adults aged 20 years or older.

2.2  |  Variables

2.2.1  |  Suicidal thoughts (outcome variable)
Suicidal thoughts were assessed using one question “Over 
the last 2 weeks, how often have you been bothered by the 

Results: Data on total of 8903 adults (mean age 47.4 ± 0.4 years) were analyzed. 
Each 5kg increase in handgrip strength was associated with a 16% reduced odds of 
having suicidal thoughts (0.84, 95% CI: 0.74‐0.95) among the overall male popu-
lation. These associations were stronger in male aged 20‐39 years (0.83, 95% CI: 
0.70‐0.98), and 40‐64 years (0.73, 95% CI: 0.63‐0.85). In contrast, no associations 
were observed in females of all age groups.
Conclusions: Males younger than 65 years old with low handgrip strength are sig-
nificantly more likely to have suicidal thoughts demonstrating a dose‐response rela-
tionship. Future research is required to confirm/refute our findings and establish if 
strength interventions can reduce suicidal thoughts.
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following problem: Thoughts that you would be better off 
dead or of hurting yourself in some way?” (response options: 
not at all/ several days/ more than half the days/ nearly every 
day).23 Those who responded “Several days,” “More than 
half the days,” or “Nearly every day” were classed as having 
suicidal thoughts. Those who responded “Not at all” were 
classed as “no suicidal thoughts.”24

2.2.2  |  Handgrip strength (exposure 
variable)
The handgrip strength protocol was detailed in the 
NHANES Muscle Strength Procedures Manual.25 In brief, 
handgrip strength in kilogram (kg) was measured with 
the Takei Digital Grip Strength Dynamometer over three 
trials separately by 60  seconds and alternating hands, by 
a trained research assistant. The present analyses used 
maximum value of the dominant hand as the exposure 
variable.26 Combined grip strength (the sum of the larg-
est reading from each hand) or average values were further 
included in sensitivity analyses.

2.2.3  |  Medical conditions
We extracted information on four chronic conditions, as-
sessed in NHANES, known to be related to suicidal ideation 
and suicide behaviors: diabetes, cancer, arthritis, and cardio-
vascular diseases.27 Participants were considered as having 
the chronic disease if they self‐reported ever been told by a 
physician that they have the following conditions: diabetes, 
cancer, arthritis, congestive heart failure, coronary heart dis-
eases, heart attack, or stroke.

2.2.4  |  Sociodemographic 
characteristics and self‐reported leisure‐time 
physical activity (LTPA)
Sociodemographic variables include age, sex, race/ethnic-
ity (non‐Hispanic White, non‐Hispanic Black, Hispanic, or 
Other), weight, height, education, marital status, and smok-
ing status.28 Participants were classified into one of the three 
age groups: 20‐39, 40‐64, and 65 years or older. Weight and 
height were measured by trained technicians using standard-
ized equipment at the time of physical examination in the 
MEC. Body mass index (BMI) was defined as weight in kg/
(height in meters)2 and categorized into standard categories: 
underweight (<18.5 kg/m2), normal weight (18.5 to <25 kg/
m2), overweight (25 to <30  kg/m2), and obese (≥30.0  kg/
m2).29 We excluded participants with underweight status 
owing to potential underlying physical conditions. Education 
level was divided into four groups: less than high school, high 
school, some college, and college graduate or above. Marital 
status was classified into two groups: live with someone 

(married, and living with partner) and live alone (widowed, 
divorced, separated, never married). Finally, smoking status 
was defined by the following: never (did not smoke 100 ciga-
rettes in life and do not smoke now), former smoker (smoked 
100 cigarettes in life and do not smoke now), and current 
smoker (smoked 100 cigarettes in life and smoke now).

The present analyses further included information on 
physical activity patterns as it has been previously shown to 
be associated with suicidal ideation.30 Physical activity was 
self‐reported by participants using questions based on the 
Global Physical Activity Questionnaire (GPAQ). Levels of 
leisure‐time physical activity (LTPA) were calculated as the 
minutes per week that participants reported participating in 
moderate‐to‐vigorous‐intensity physical activity. Participants 
reported the frequency, and duration of physical activity 
in a typical week, at vigorous and moderate intensities, re-
spectively. We summarized the total number of minutes for 
physical activity in each intensity, where the time spent in 
vigorous‐intensity physical activity was doubled and added 
to the number of minutes of moderate‐intensity physical ac-
tivity to approximate the metabolic equivalent of task value.31

2.3  |  Statistical analyses
To present nationally representative estimates, survey analy-
sis procedures were used to account for the sample weights 
(MEC exam weight), stratification, and clustering of the 
complex sampling design. NHANES adults aged 20  years 
and older with complete information on suicidal thoughts, 
handgrip strength, and other characteristics were included 
in the analyses. We analyzed the descriptive characteristics 
separately in male and female, due to the documented age‐re-
lated sex difference in suicidal ideation.32,33 Weighted means 
and standard errors were calculated and presented for contin-
uous variables, while weighted proportions were summarized 
for categorical variables.

Sex‐specific logistic regressions were carried out to ana-
lyze the relationships between handgrip strength and suicidal 
thoughts within each age group. Multivariable models were 
adjusted for age, race, BMI, education level, marital status, 
smoking status, level of LTPA, and chronic conditions.

We also conducted the following sensitivity analyses: (a) 
including the underweight participants; (b) using handgrip 
strength defined as the combined grip strength (the sum of 
the largest reading from each hand) of both hands; (c) using 
handgrip strength defined as the maximum value achieved 
using either hand. Stratified models using survey analysis 
procedure were carried out within subpopulations defined 
within each stratum. All statistical significance was deter-
mined at P  <  .05. All statistical analyses were performed 
using STATA version 14.0 (STATA Corp). All the statistical 
analyses were performed in 2018.



4  |      CAO et al.

3  |   RESULTS

The present study included total 8903 adults aged 20 years or 
older in the two NHANES waves who have completed data 
on suicidal thoughts, handgrip strength, and other variables. 
Participant's mean age was 47.4 ± 0.4 years at the time of ex-
amination, with mean BMI of 29.2 ± 0.2 kg/m2. Significant 
sex differences were observed in all characteristics (Table 1).  
For example, there were more males than females who had 
a higher level of education, lived with someone, was a for-
mer or current smoker, had no chronic conditions, were suffi-
ciently active, had higher handgrip strength, and did not have 
suicidal thoughts (all P‐values <.001).

Table 2 summarizes analyses stratified by age groups, 
for males and females respectively (See overall estimates at 
Table S1). In the sex‐specific adjusted models, a handgrip 
strength increases by 5 kg was associated with a 16% reduced 
odds of having suicidal thoughts 0.84 (0.74‐0.95) among the 
overall male population. No such association was observed 
in females.

Associations of handgrip strength with suicidal thoughts 
differed by age and sex stratum. In males, significant asso-
ciations between handgrip strength and suicidal thoughts 
were observed in those aged 20‐39  years (OR 0.83, 95% 
CI: 0.70‐0.98) and 40‐64  years (0.73, 95% CI: 0.63‐0.85). 
However, this association was not observed among males 
aged 65 years or older (0.93, 95% CI: 0.62‐1.39). In contrast, 
in adjusted models no associations between handgrip strength 
and suicidal thoughts were observed in females (0.92, 95% 
CI: 0.80‐1.07), nor by each age group: 20‐39  years (1.15, 
95% CI: 0.81‐1.62), 40‐64 years (0.88, 95% CI: 0.72‐1.07), 
and 65 years or older (0.75, 95% CI: 0.52‐1.10).

Our findings were similar when including the under-
weight group, using handgrip strength defined as combined 
grip strength or maximum value achieved using either hand 
in the sensitivity analyses (data not reported).

4  |   DISCUSSION

Findings from the present study in a large representative 
sample of the US adult population showed that as hand-
grip strength increased by 5.00 kg, odds of having suicidal 
thoughts reduced by 16% in males. In males, significant as-
sociations between handgrip strength and suicidal thoughts 
were observed across all age groups except for those 65 years 
and older. In contrast, there were no associations in the over-
all and any age group for females.

Findings from the present study support that of previous 
research that has shown that handgrip strength is associated 
with multiple mental health outcomes.8,34 A growing body 
of literature shows weaker handgrip strength to be associated 

with a lower physical quality of life,9-11 which in turn, is 
likely to stimulate suicidal thoughts. Indeed, previous stud-
ies have shown an association between suicidal ideation and 
poor quality of life in the adult population.35,36 On the other 
hand, those having suicidal thoughts might be likely to de-
velop weaker handgrip strength, suicidal ideation may result 
in a decline in systemic physical functioning. For example, 
one previous study found that higher muscular strength 
(highest 10th vs lowest 10th knee extension and handgrip) 
was associated with a 20%‐30% lower risk of death from sui-
cide in Swedish male adolescents.16 However, the association 
is likely to be owing to a combination of both reduced quality 
of life and declined systemic physical functioning.

A further recent population‐scale study has demonstrated 
that strong handgrip strength is also positively related to pur-
pose in life, which could also contribute toward explaining 
the relationships shown here.38 Another possible explanation 
to our findings is the proinflammatory state of participants 
who experience sarcopenia (loss of muscle mass and mus-
cle strength)39 may operate the pathway to suicidal thought. 
Mechanistic studies on suicide have been largely focused on 
psychosocial factors. The neurobiological basis of suicide 
and suicidal behavior is less studied.40 Nevertheless, abnor-
mal levels of cytokines have been found in serum and prof-
rontal cortex of suicide victims, suggesting that a possible 
driver of suicidal behavior might be imbalanced cytokines at 
a proinflammatory state.

It is interesting that in the present study an association 
between handgrip strength and suicidal thoughts was found 
only in males whereas the prevalence of suicidal ideation is 
greater in females than males.4,17-19 One plausible explana-
tion for the finding in males only is that handgrip strength 
is a good indicator for overall strength when measured in 
standardized conditions41 and greater muscle mass gener-
ally predicts greater strength; in males, muscularity has 
been shown to be associated with higher levels of self‐es-
teem than in females.42 Those with lower levels of self‐
esteem are more likely to have suicidal thoughts.43,44 Lee 
found that poor relative handgrip strength defined by hand-
grip strength/BMI ratio was associated with an increased 
chance of suicidal thoughts among Korean women.45 
However, due to the paradox of obesity measured by BMI 
in the United States, the handgrip strength would be a good 
indicator of muscular and nutritional status among the 
US population.46 Also, the potential racial disparity may 
explain the difference because of related cultural and so-
ciodemographic diversities.47 In males 65 years and older, 
no association was found between handgrip strength and 
suicidal thoughts. This finding may be owing to a smaller 
sample size within this age category compared with others 
or a small variation in grip strength. Moreover, it may be 
that this age group is less concerned about muscularity per 
se. A further consideration is that there may be an effect of 
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T A B L E  1   Sociodemographic characteristics of adults aged 20 years and older from the NHANES 2011‐2014, by sex

    Men Women P‐values

  N 4449 4454  

  Weighted N 184 388 955 188 589 862  

Age (years) (continuous) Mean (SE) 46.7 (0.5) 48.1 (0.5) <.001

Age group

20‐39 n (%) 37.2 34.5 .007

40‐64 n (%) 46.4 46.2

≥65 n (%) 16.4 19.3

BMI (kg/m2) (continuous) Mean (SE) 28.9 (0.1) 29.5 (0.2) .001

BMI (kg/m2)

18.5‐24.9 n (%) 26 31.2 <.001

25.0‐29.9 n (%) 38.8 29.1

≥30 n (%) 35.2 39.8

Race

Non‐Hispanic white n (%) 68.4 68.1 .004

Non‐Hispanic black n (%) 10.1 11.9

Hispanic n (%) 14.1 13.1

Other n (%) 7.4 6.9

Education

<12th grade n (%) 15.2 13.7 <.001

High school n (%) 22 19.5

Some college n (%) 30.7 36

College graduate or above n (%) 32.1 30.8

Marital status

Live with someone n (%) 65.6 59.4 <.001

Live alone n (%) 34.4 40.6

Smoking status

Never n (%) 50.2 62.3 <.001

Former n (%) 28 20.7

Current n (%) 21.8 17

Chronic conditions

Yes n (%) 76.9 67.4 <.001

No n (%) 23.1 32.6

Leisure‐time physical activity

Inactive n (%) 43.2 46.4 <.001

Insufficiently active n (%) 15.0 18.4

Sufficiently active n (%) 41.8 35.2

Handgrip strength Mean (SE) 46.1 (0.2) 29.1 (0.1) <.001

Suicidal ideation

No n (%) 97.4 96.3 .029

Yes n (%) 2.6 3.7

Several days n (%) 1.7 2.8

More than half the days n (%) 0.4 0.5

Nearly every day n (%) 0.5 0.4
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survival bias with those with a history of suicidal thoughts 
at higher risk of having actually committed suicide.

To the authors’ knowledge, this is the first paper to inves-
tigate the association between handgrip strength and suicidal 
thoughts in the adult population. A clear strength of this study 
is the large representative sample of the US adults. However, 
the findings should be interpreted in light of the following 
limitation. The cross‐sectional nature of this study makes it 
impossible to determine a causal association. That is, it is 
not known whether low handgrip strength leads to suicidal 
thoughts or whether suicidal thoughts lead to low handgrip 
strength. The association is likely bidirectional. Further re-
search using either a longitudinal or experimental design is 
warranted with the adjustment of a complex list of covariates 
including dietary patterns and drug use. In addition, the va-
lidity of suicidal thoughts using item 9 of the PHQ‐9 have 
not been tested among the general population. But the study 
confirmed the Higher levels of suicidal ideation, indicated by 
the question in the PHQ‐9, were associated with an elevated 
risk of suicide among the US veterans.48 Moreover, future 
research concerning strength training exercise as part of a 
suicide prevention strategy should be explored.

The present study suggests that males with low hand-
grip strength are significantly more likely to have suicidal 
thoughts demonstrating a dose‐response relationship. Males, 
particularly those young than 65  years old, displaying low 
handgrip strength should be screened for suicidal ideation. 
Interventions to improve physical functioning in males who 
experience suicidal ideation or thoughts may benefit from 
strength training activities.

5  |   PERSPECTIVES

The present findings indicate that males younger than 65 years 
old with low handgrip strength are significantly more likely to 
have suicidal thoughts, which demonstrates a dose‐response 
relationship. To the best of our knowledge, this is the first as-
sessment on the relationship between handgrip strength and 
suicidal ideation leveraging US national health data with large 
representative sample. Consequently, monitoring handgrip 
strength may be important to identify men with suicidal idea-
tion or thoughts. Given the high suicide mortality rate in the 
United States,2 this finding would be novel in demonstrating 
handgrip strength as a potential tool for identifying individuals 
with suicidal ideation. Our study also provides novel strategies 
which may help prevent suicidal ideation in males by improv-
ing physical functioning through strength training activities. 
We did not observe any associations between handgrip strength 
and suicidal ideation in the overall and any age group for fe-
males. The difference in the sex‐specific effect still requires 
further prospective studies. It is also necessary to examine the 
mechanisms underlying the relationship of handgrip strength T
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with suicidal ideation, independent of depressive mood and 
other potential confounding factors.
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