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Abstract 

Introduction: Musculoskeletal fitness, strength and endurance can be measured by hand grip strength (HGS) 
and endurance (HGE). This study aimed to assess HGS and HGE according to sociodemographic and personal 
habits. 

Method: A cross-sectional descriptive study was conducted at Tribhuvan University Teaching Hospital from 
2020 to 2022 among apparently healthy adults recruited by convenience sampling after ethical clearance. 
Bodybuilders, pregnant women, and those with a history of chronic illness were excluded. The HGS and HGE 
were measured by the Camry digital hand dynamometer. Age, gender, handedness, BMI, waist 
circumference, smoking, alcohol consumption and knuckle cracking habits were recorded. Data were 
checked for normality. Data were expressed descriptively using mean, frequency and percentage. Data were 
analysed with IBM SPSS v16.0. 

Result: A total of 440 participants (332 males, 108 females), mean age 32.4±8.0 years, were included. The 
HGS was higher in males with 40.76+6.44 kg than in females, 26.49+4.00 kg, whereas females showed longer 
HGE 139.5±61.8 than males 125.3±46.9 s. The HGS peaked in men aged 25–29 years and women aged 35–
39 years, whereas HGE was longest in 45–49 years, with women maintaining endurance longer than men at 
each age category. Higher BMI was associated with greater HGS but shorter HGE. Non-smokers and non-
alcohol consumers had longer endurance than their counterparts.  

Conclusion: Males had higher handgrip strength, and females had longer handgrip endurance. Higher BMI 
was associated with increased strength but reduced endurance. Non-alcohol consumers showed better 
endurance capacity. 
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Introduction 

Musculoskeletal disorder is classified in five 
major headings according to global burden of 
disease: gout, osteoarthritis, rheumatoid 
arthritis, low back pain and neck pain.1 The 
highest prevalence of was reported in South Asia 
(114 million) in 2017 and age standardized point 
prevalence per 100,000 people was estimated 
highest in Bangladesh (7439) followed by India 
(7194) and Nepal (6798.9).1 Disability adjusted 
life years (DALY) associated with musculoskeletal 
disorders increased by 61.6% from 1990 to 
2016.2  

The indicators for muscle fitness are muscle 
strength and endurance.3 Muscle strength is the 
maximum load a muscle can lift or the maximum 
voluntary force applied by a skeletal muscle for a 
short duration of time.4,5 Hand grip strength 
(HGS) is a simple method to assess muscle 
strength.6 Forceful flexion of the joints of the 
fingers with maximal voluntary force by a subject 
produces a maximum hand grip strength which 
reflects the strength of the hand muscles and is 
measured in kilograms.7 Ability to maintain a 
continuous hand grip until the onset of fatigue is 
called static hand grip endurance (HGE) whereas, 
to execute numerous grips for a time span until 
the onset of fatigue is called dynamic HGE.8 The 
HGS is affected by age, gender, body posture, 
dominance of the hand, range of motion, body 
mass index (BMI), waist circumference (WC), 
alcohol, smoking, knuckle cracking habit, pain, 
occupation, ethnicity and fatigue.7,9–14 

This study aims to assess the HGS and HGE of 
apparently healthy adults according to 
demographics and anthropometric measures. 

Method  

A cross-sectional descriptive study was 
conducted among apparently healthy adults 
accompanying patients in General Practice Out 
Patient Department and General Health 
Checkup Clinic of Tribhuvan University Teaching 
Hospital between June 2020 and May 2022. 
Participants were recruited using convenience 
sampling after obtaining ethical approval from 
the Institutional Review Committee (Reference 
number: 63(6-11) E2077/078). 

Handgrip strength and endurance was measured 
using Camry hand dynamometer. The 
participants were instructed to apply maximum 
pressure on the dynamometer for 5 seconds. 
The procedure was repeated 3 times with an 
interval of 30 seconds.15 The highest value was 
recorded as the HGS. The participants were 
asked to hold the dynamometer with maintained 
force of 30 percent of maximum voluntary 
contraction to measure HGE.16 Edinburgh 
handedness inventory was used to assess 
handedness.17 Self-administered physical 
activity readiness questionnaire was used to 
assess the physical activity readiness.18  

Individuals aged 20–49 years were included. 
Bodybuilders, pregnant women, and those 
under medication or with a history of chronic 
medical conditions were excluded. Sample size 
was estimated based on population mean, with 
SD of 9.3 for men and 5.3 for women taken from 
earlier study.19  

Data were entered into Excel and analysed using 
IBM SPSS 16. Categorical variables were 
presented as frequency and percentage, while 
continuous variables were expressed as 
mean±SD with 95% confidence intervals (CI). 

Result 

In this study was a total of 440 healthy adults 
(332 men, 108 women), mean age of 32.36±8.03 
years (range: 20-49 years). Men demonstrated 
greater HGS than women (40.76±6.44 kg vs 
26.49±4.00 kg), while women demonstrated 
longer HGE than men (139.51±61.79 s vs 
125.29±46.94 s), Table 1. 

For HGS performance left-handed men 
demonstrated highest strength (42.65±5.96 kg) 
than right-handed (40.71±6.49 kg) and 
ambidextrous (40.08±3.53 kg). For HGE left-
handed males demonstrated longest endurance 
(150.90±55.10 s), while ambidextrous female 
had highest endurance, Table 2. 

The relationship between age and grip 
performance revealed important trends, men 
reached their peak strength in the 25-29 year 
(42.38±6.41 kg), while women's peak strength 
occurred later, in the 35-39 year (27.21±3.32 kg). 
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However, the oldest age group (45-49 years) 
showed the greatest endurance for both genders 
(164.61±67.10 s), with women in this group 
maintaining their grip for 214.10±58.93 seconds, 
Figure 1.  

Higher BMI was associated with greater strength 
but reduced endurance. The strongest grips 
were found in men with Class I obesity 
(42.74±5.81 kg) and women with Class II obesity 
(34.70±3.11 kg), while participants with Class II 

obesity showed the shortest endurance times 
(86.80±34.64 s), Table 3. 

Waist circumference showed no clear 
relationship with either grip strength or 
endurance in this study, Table 4. 

The participants who never consumed alcohol 
demonstrated longer endurance times than 
those who did (132.90±52.33 s vs 125.42±50.77 
s). Smoking and knuckle-cracking habits showed 
no consistent effects on either strength or 
endurance, Table 5.  

Table 1. Handgrip strength and endurance among apparently healthy adults, n=440 
Handgrip  Male, 332  Female, 108  Total, 440  

 Mean±SD 95% CI Mean±SD 95% CI Mean±SD 95% CI 
HGS (kg) 40.76±6.44 40.07-41.46 26.49±4.00 25.64-27.17 37.24±8.57 36.43-38.04 

HGE (s) 125.29±46.94 120.22-
130.36 

139.51±61.79 127.72-
151.30 

128.78±51.28 123.98-
133.59 

 
 
Table 2. Mean handgrip strength and endurance in accordance to handedness among participants, n=440 

Handgrip  Right hand  Left hand  Ambidextrous*  

 Mean±SD 95%CI Mean±SD 95%CI Mean±SD 95%CI 
HGS (kg)       

Male  40.71±6.49 39.99-41.43 42.65±5.96 38.39-46.91 40.08±3.53 35.70-44.46 

Female  26.31±3.77 25.56-27.07 26.90±6.79 19.77-34.03 27.88±5.82 18.62-37.13 

HGE (s)        

Males 124.79±46.56 119.65-129.94 150.90±55.10 111.48-190.32 105.60±46.07 48.40-162.86 

Females 138.07±60.65 125.91-150.23 147.50±89.73 19.77-34.03 162.75±53.97 76.87-248.63 

Ambidextrous* measurement represents pre-dominant hand ( 

 
 

Figure 1 Mean dominant handgrip strength in age categories for male and female participants, n=440 
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Table 3. Body mass index (BMI) and HGS, HGE among male and female, n=440  

*BMI categories - The National Heart, Lung, and Blood Institute (NHLBI), https://www.nhlbi.nih.gov/ Link  
 
 
Table 4. Waist circumference (WC) and HGS, HGE in male and female, n=440 

 Male, 332  Female, 108 

WC n(%) HGS, 
Mean

±SD 
(kg) 

95 CI HGE, 
Mean

±SD 
(s) 

95 CI WC n(%) HGS, 
Mean

±SD 
(kg) 

95 CI HGE, 
Mean± 

SD (s) 

95 CI 

Normal 
≤102cm 

305 
(91.9) 

40.81± 
6.32 

40.10-
41.53 

126.93±
46.73 

121.67-
132.20 

Normal 
<88 cm 

69 (63.9) 26.08± 
4.10 

25.09- 
27.06 

136.45± 
60.10 

122.01- 
150.89 

Increased 
>102 cm 

27 
(8.1) 

40.14± 
7.81 

37.06-
43.23 

106.78±
46.20 

88.50-
125.05 

Increas
e>88cm 

39 (36.1) 26.98± 
3.82 

25.74-
28.22 

144.92± 
65.11 

123.82-
166.03 

WC criteria- The National Heart, Lung, and Blood Institute (NHLBI), https://www.nhlbi.nih.gov/ Link  
 
 
Table 5. Smoking, alcohol consumption and knuckle cracking habits and HGS, HGE in male and female, n=440  

Habits Male, 332   Female, 108   

 n(%) HGS Mean±SD HGE Mean±SD n(%) HGS Mean±SD Mean HGE±SD 
Smoking       

Non-smokers 213(64.2) 40.27±6.53 129.08±48.39 104 (96.3) 26.47±4.06 138.62±60.17 

Past smokers 27 (8.1) 41.62±6.58 123.33±44.70 1 (0.9) 25.5 184 

Current smoker 92 (27.2) 41.64±6.14 117.09±43.43 3 (2.8) 24.27±1.62 155.67±128.07 

Alcohol       

Never  136 (41) 39.95±6.19 129.29± 48.09 65 (60.2) 26.35±4.25 140.45±59.95 

Occasionally  188 (56.6) 41.35±6.51 122.53±46.59 43 (39.8) 26.48±3.66 138.09±65.17 

Regularly  8 (2.4) 40.58±8.2 122.38±32.42 0 - - 

Knuckle cracking        

never  121 (36.4) 40.14±6.62 121.26±43.25 56 (51.9) 26.52±3.83 140.36±65.88 

crack 211 (63.6) 41.12±6.32 127.60±48.88 52 (48.1) 26.28±4.22 138.60±57.69 

 
 

Discussion 

This study showed that HGS was more in males, 
HGE more in females. Majority of participants 
were right-handed (94%). The mean HGS peaked 
in age group 25-29 years for males and 35-39 
years for females. The mean HGE was longer 
among the age group 45-49 years for both males 
and females.  

Another study conducted in South Korea 
reported with a large sample size (n=23,716) and 
age inclusion range (above 10 years) reported 
that HGS in men (39.5±9.3kg) was higher than 
women (24.4±5.3kg).19 A study conducted in 
Nepal among 526 participants from 19 to 70 
years also showed men (43.48kg) had higher 
HGS than females (28.62kg).20 The higher mean 
HGS in men may be explained by the larger size 
of fibers. The differences in distribution of lean 

  Male, 332 Female, 108 

BMI categories 
kg/m2 

 n(%) HGS, 
Mean±SD(
kg)) 

HGE  
Mean±SD 
(s) 

n(%) HGS, 
Mean±SD
(kg)) 

HGE  
Mean±SD 
(s) 

Underweight 
<18.5 

 11 
(3.3%) 

36.87±6.05 123.36±37 6 (5.6%) 24.05±3.
05 

168±54.02 

Normal 18.5-
24.9  

 168 
(50.6%) 

40.24±6.37 130.73±6.37 49 (45.4%) 25.27±4.
04 

130.18±64
.04 

pre-obese 25-
29.9  

 132 
(39.8%) 

41.48±6.57 122±45.33 36 (33.3%) 26.49±3.
90 

143.97±56
.97 

class I obesity 
30-34.9  

 18 
(5.4%) 

42.74±5.81 108.17±5.81 14 (13%) 26.75±3.
35 

154.29±71
.68 

class II obesity 
35-39.9  

 3 
(0.9%) 

40.80±1.59 75.33±36.46 2 (1.9%) 34.70±3.
11 

104±33.94 

class III obesity 
>40  

    - -  1 (0.9%) 22.50 129 

https://www.nhlbi.nih.gov/
https://www.nhlbi.nih.gov/files/docs/guidelines/prctgd_c.pdf
https://www.nhlbi.nih.gov/
https://www.nhlbi.nih.gov/files/docs/guidelines/prctgd_c.pdf
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mass also may contribute to the differences in 
HGS strength.21 Testosterone enhances 
hypertrophy of skeletal muscle. A hypothesis 
suggests that testosterone by androgen receptor 
mediated pathway enhance differentiation of 
mesenchymal stem cells towards muscle cell 
pathway and inhibit the adipocyte pathway. 
Testosterone increases muscle fibre volume, 
enhance protein synthesis and reduce protein 
degradation, increase number of satellite cells 
and myonuclear cells.22 These factors possibly 
cause increased mean HGS in males.  

The peak of mean HGS occurs earlier among the 
male population (25-29 years) in comparison to 
their female counterparts (40-44 years) as 
observed in the study from United States of 
America.23 In contrast to this, study from South 
Korea observed that the males and females 
reached the peak at the same age category (35-
39 years),  however, the incline and decline of 
peak HGS was steeper in the male population 
where HGS prominently increased (46±7.2 kg) 
up till the age of 35-39 years then declined 
rapidly whereas, the females showed a more 
gradual incline (27.2±4.6 kg) of HGS gradually up 
till the age group 35-39 years and then remained 
in an approximate plateau phase (26.5±4.7 kg) 
till 45-49 years then decreased (22.8±4.6 kg) 
after the age of 65-69 years.19 In contrast to our 
study another study from Nepal observed that 
the peak of mean HGS was the same for both 
males and females (19-29 years).20  

Skeletal muscle mass loss caused by aging have 
been reported to be different among males and 
females.24,25 A hypothesis suggests that 
alterations in the sex steroid hormones due to 
age may increase (IL-6) interleukin 6 and C-
reactive protein (CRP) level which suggest that 
alterations in sex steroid hormones caused by 
age may also have a role in loss of skeletal muscle 
mass.26 Aging has been associated with muscle 
mass loss.23 The narrow age range used to 
include apparently healthy adults in this study 
may have contributed to variations in the results.  

In line to present study, an Indian study also 
observed that the mean of HGE to be more in 
females (45.05+20.81 s) than in males 
(38.66±20.5).27 In contrast another Indian study 
observed males (80+20.07 s) had longer mean 
HGE than females (45.01±20.07s).28 The longer 

endurance time in females may be explained by 
the differences of distribution of muscle fibre 
types. Females have more type I muscle fibers.29 

In similarity to present study, study from USA 
observed that the male participants of the age 
group 40-49 years had higher mean HGE (143 
s).30 In contrast, study from India reported that a 
higher mean endurance for the male 
participants in the age group 30-30 years 
(164.1±42.2 s) for the right hand and 
(154.5±46.4 s) for the left hand.31 It has been 
suggested that type II fibres are negatively 
associated to endurance. Morphological 
changes caused by aging may lead to decrease in 
lactate accumulation subsequently maintaining 
muscle endurance with age.30 

Some of the limitation of our study include, 
being a descriptive cross-sectional study which 
does not determine the cause and outcome. 
Apparently healthy participants were recruited 
by convenience sampling technique; hence, the 
mean range may not be a representation of the 
general population due to selection bias. 
Adjustment of confounding factors could not be 
done due to limited resources which may have 
altered the results. The imbalance in male and 
female participants, small sample size in 
subcategories and descriptive nature of the 
study limits the findings. Bodybuilders, 
occupation and the type of exercise 
predominantly performed were not included 
which limits the study in understanding the 
improvement of musculoskeletal fitness.  

Conclusion 

This study concludes that males had high 
handgrip strength compared to females but 
handgrip endurance was longer in females 
compared to males. Peak in handgrip strength 
was associated with earlier age among males 
compared to females. 
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