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Abstract:   

Introduction: Hand grip muscle strength (HGS) and endurance are widely recognized as non-
invasive, simple diagnostic tools for both the assessment and prognosis of health and disease.  
It is an isometric form of exercise. However, its reliability can be compromised by multiple 
influencing factors, including age, sex, and ethnicity. Without accounting for these 
determinants, the diagnostic and prognostic value of HGS and endurance measurements may 
be less. Methods: This  cross-sectional study was conducted in the Department of Physiology 
at P A Sangma International  Medical College and Hospital, Meghalaya, India, during March  
and April  2025,  and as done following Institutional Ethical Committee approval. One hundred 
fifty five (155) healthy young adults provided informed written consent to participate. 
Anthropometric measurements (height and weight) were obtained using standardized protocols 
and BMI was calculated as weight (kg) divided by height squared (m²). Hand grip muscle 
strength and endurance were assessed using a hand grip dynamometer. Data analysis included 
calculation of means, Pearson correlation coefficients, and analysis of variance (ANOVA), 
with significance set at p ≤ 0.05. Result: Among the 155 participants, 62 (40%) were male and 
93 (60%) were female. Males demonstrated higher mean values for height, weight, and muscle 
strength, while BMI was higher in females. Height (r = 0.873, p < 0.05) and weight (r = 0.894, 
p < 0.05) showed significant moderate positive correlations with HGS, and height (r = 0.564, 
p < 0.05) showed slight positive correlation with muscle endurance. Conclusion: The findings 
indicate that height and weight are significant anthropometric determinants of hand grip muscle 
strength, and height also influences endurance. These factors should be considered when 
interpreting HGS and endurance as diagnostic or prognostic tools in clinical and research 
settings. 
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Introduction:  

 The isometric exercise done with the hand grip dynamometer in which hand grip strength 
(HGS) is a critical component in the execution of precise and refined fine motor tasks. It serves 
as a fundamental parameter in the physical assessment of a wide spectrum of diseases affecting 
the musculoskeletal, neuromuscular, and cardiorespiratory systems, particularly in paediatric, 
geriatric, and obese populations.1,3 HGS is recognized for its predictive value regarding 
nutritional status, as well as its association with both short-term and long-term morbidity and 
mortality across various clinical conditions. Clinically, HGS2,3 is frequently employed as a 
specific diagnostic and evaluative tool, facilitating disease diagnosis, monitoring therapeutic 
interventions, assessing treatment progression, and providing objective feedback during 
rehabilitation.4 

A reduction in HGS can result in significant functional impairments, manifesting as diminished 
capacity to perform both basic and instrumental activities of daily living, ultimately 
compromising an individual’s quality of life. However, HGS is not a static measure; it is 
modulated by a multitude of intrinsic and extrinsic factors. These include, but are not limited 
to, fatigue, diurnal variation, age, sex, nutritional status, restricted joint mobility, 
anthropometric characteristics, and pain perception. Numerous investigations have 
underscored the influence of age, sex, body size, stature, and body mass on HGS, particularly 
during the early stages of puberty in children.5 Additional research has identified other 
anthropometric determinants, such as forearm circumference, as significant contributors to 
hand grip muscle strength in prepubertal cohorts. Furthermore, alternative methodologies, such 
as the use of modified sphygmomanometers, have been utilized to elucidate the impact of age, 
height, and weight on HGS in healthy young adults.

6 

Obesity has emerged as a pervasive public health concern globally, largely attributable to 
sedentary lifestyles, insufficient physical activity7 and suboptimal dietary habits.8 The 
prevalence of obesity in young adults is particularly alarming, given its established association 
with an elevated risk of chronic diseases, including type 2 diabetes mellitus, hypertension, 
dyslipidemia, asthma, and certain malignancies.9,10,11 Despite the recognized importance of 
anthropometric parameters—such as height, weight, and body mass index (BMI)—in 
influencing HGS and muscular endurance,11,12,13 the relationship between these variables in 
healthy young adults remains inadequately characterized. While some studies have explored 
the impact of anthropometric measures on HGS, the majority have focused on elderly 
populations or athletes, with limited research targeting young adults.14,15 Moreover, there is a 
paucity of data from specific geographic regions, further highlighting the need for localized 
investigations. 

The existing literature suggests that anthropometric factors may exert a significant influence 
on hand grip muscle strength and endurance, yet comprehensive studies in young adult 
populations are scarce.16 This gap in knowledge underscores the necessity for targeted research 
to elucidate the extent to which height, weight, and BMI affect HGS and endurance in this 
demographic.17 Addressing this gap, the present study was conceptualized with the hypothesis 
that anthropometric parameters—specifically height, weight, and BMI—are significant 
determinants of hand grip muscle strength and endurance in healthy young adults.18,19 

The primary objective of this investigation was to systematically evaluate the impact of these 
anthropometric variables on hand grip muscle strength and endurance. Additionally, the study 
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aimed to quantify the correlation between these parameters and HGS, thereby providing a more 
nuanced understanding of the interplay between body composition and muscular function in 
young adults.20 By focusing on a population that has been underrepresented in previous 
research, this study seeks to contribute valuable data to the existing body of knowledge and 
inform future clinical assessments and interventions targeting hand grip strength and endurance 
in young adults.21 

Materials and Methods 

This investigation was designed as a cross-sectional study to evaluate the influence of 
anthropometric parameters—specifically height, weight, and body mass index (BMI)—on 
hand grip muscle strength and endurance among healthy young adults. The study was 
conducted in the Department of Physiology at P A Sangma International Medical College and 
Hospital, USTM Complex, Meghalaya, India, during March-April 2025, following approval 
from the Institutional Ethics Committee.  

Study Population and Sampling 

A total of 155 healthy students, comprising both males and females aged 19 to 22 years, were 
recruited from medical course at P A Sangma International Medical College and Hospital. All 
participants provided written informed consent prior to inclusion in the study. The sample size 
was determined based on the 2021 Indian census,22 which is yet to be reported and based on 
the interim reports that people in the age group of 19-22 years constitute approximately 29% 
of the national population. Using a confidence level of 95% (Z = 1.96) and a precision of 8, the 
sample size was calculated using the formula: 

N=Z2*p*q/d2  

, where, p=population=29, q=100-p=100-29=71  

d=precision=8  

in this study, N=1.96X1.96X29X71/8X8=123 
where p=29 (population percentage), q=100−p=71, and d=8. Substituting these values yielded 
a sample size of 123; however, we got 155 volunteers. 

Inclusion and Exclusion Criterias 

Inclusion criterias: Right-hand dominant individuals were considered as it would lend a 
uniformity to the test. All participants in the study were right-handed, as previous research has 
indicated that right-hand dominant individuals may exhibit variance in muscle strength 
between hands, whereas left-handed individuals do not demonstrate significant inter-limb 
differences. Those volunteers were considered who were not having any muscular atrophy or 
hypertrophy nor there were any evidences of any neurological involvement in the right arm, 
forearm as well as hand. . 

Exclusion criterias: The volunteers who were having any history of cardiovascular diseases 
or metabolic disorders.  Those who attended gym attendance exceeding three weeks as there 
would be muscle hypertrophy after doing resistance exercises and lifting of weights. Those 
volunteers who regularly participated in sports involving upper limbs (e.g., basketball, 
volleyball), which could confound hand grip measurements.  
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Data Collection Procedures: On the day of assessment, participants were briefed regarding 
the study protocol. A brief medical history was obtained to ensure compliance with inclusion 
and exclusion criteria. Anthropometric measurements and hand grip assessments were then 
performed as follows: 

Anthropometric Measurements 

• Body Weight: Measured using a digital weighing machine. Participants wore light 
clothing, were barefoot, and stood upright on the scale, looking straight with the weight 
taken for all volunteers premeal. The weight was taken in kilograms.  

• Height: Measured in centimeters using a stadiometer. with the occipital region, the 
sacral region, the calf muscle and the heels touching the stadiometer rod. The height 
was measured at the same time of the day in bare feet.  

•  BMI Calculation: BMI was computed using the standard formula: BMI=Weight (kg) 
/ [(Height (m)]2  

Guidelines for obesity and overweight based on body mass indices (BMI) for Asian Indians 
were revised based on consensus developed through discussions by a Prevention and 
Management of Obesity and Metabolic Syndrome group 23 

Body Mass Index (BMI) was derived from booking weight (kilograms) and height (metres). 
Using this, the patients were categorized as underweight (<18.5 kg/m2), normal or lean BMI 
(18.5–22.9 kg/m2), overweight (23.0 –24.9 kg/m2) and obese (≥25 kg/m2) based on the revised 
consensus guidelines for India.  

Hand Grip Strength and Endurance Assessment 

Hand grip muscle strength of the right hand was measured using a standard hand grip 
dynamometer (manufactured by Rymet, Micro lab supplied by B.D Instrumentation India, ISO 
9001:2008, WHO-GMP Certified). The assessment was conducted with participants seated, 
feet flat on the floor, and the dominant arm placed on a table. The elbow was flexed at 90°, the 
forearm in a mid-prone position, and the wrist in a neutral position. Participants were instructed 
to squeeze the dynamometer handles maximally and sustain the contraction for at least three 
seconds. Two measurements were taken within a 30-second interval, and the higher value was 
recorded as the maximal hand grip strength. 

Hand grip endurance (HGE) was assessed by instructing participants to maintain one-third of 
their maximal voluntary contraction for as long as possible, with the duration recorded in 
seconds.24 

 

 

 

 

 

TANZ(ISSN NO: 1869-7720)VOL20 ISSUE4 2025

PAGE NO: 106



 

 Fig: 1 Hand grip Dynamometer  
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Fig: 2 Handgrip dynamometer held in hand for the HGS & HGE test.   

Statistical Analysis 

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 21. 
Descriptive statistics, including means and standard deviations, were calculated for all 
variables. The Pearson correlation coefficient was employed to assess the relationship between 
anthropometric parameters (height, weight, BMI) and hand grip muscle strength and 
endurance. Analysis of Variance (ANOVA) was used to determine the statistical significance 
of observed differences. A p-value of ≤0.05 was considered indicative of statistical 
significance. 
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Results:  

Of the 155 participants, 62 were males (40%) and 93 (60%) were females. Males demonstrated 
higher mean values for height, weight, and muscle strength compared to females, although 
BMI was higher in females. The average height of males and females were 165.50±5.25 cms 
and 153.87±5.90 cms respectively. Average weight of males and females were 61.14±10.03kgs 
and 53.33±9.04kgs respectively. The average BMI of male and female subjects were 
20.48±3.50 kg/m2 and 20.68±4.5 kg/m2 respectively.  

The average handgrip muscle strength among males was 24.5±7.56 kgs and in females it was 
12.50±6.27 kgs. When evaluated with the hand grip endurance it was found to be 24.52±6.3 
seconds in males as against and 12.22±4.50 seconds in females. 

 Statistical analysis revealed a significant moderate positive correlation between height (r = 
0.621, p < 0.001) and weight (r = 0.519, p < 0.001) with hand grip muscle strength. 
Additionally, height (r = 0.438, p < 0.001) was significantly correlated with hand grip 
endurance. These findings suggest that height and weight are important anthropometric 
determinants of hand grip muscle strength, while height also influences hand grip endurance. 

 

 Fig:3 Number and percentage of participants in respect of Gender.  [Table/Fi-3]: Descriptive statistics for 

general samples.SD: standard deviation, n: total number, cm: centimetre, kg: kilogram, m: meter, sec: secondHGS: Hand grip muscle strength, HGE: Hand grip muscle 

endurance 

Variables Male (62) Female(93) Total (155) 
Mean±SD Mean±SD Mean±SD 

Height(cms) 165.50±5.25 cms 153.87±5.90 cms 160.79±5.58cms 
Weight(Kgs) 61.14±10.03kgs 53.33.±9.04kgs 61.27±9.83kgs 
BMI (Kg/m2) 20.48±3.50 20.68±4.50 20.74±3.15 
HGS (in Kg) 24.5±7.56 12.5±6.27  19.35±5.04 
HE(in sec) 24.52±6.3 12.22±4.50 19.98±5.56 

 Table 1: Descriptive statistics for general samples. 
SD: standard deviation, n: total number, cm: centimetre, kg: kilogram, m: meter, sec: second, 
HGS: Hand grip muscle strength, HGE: Hand grip muscle endurance 
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Parameters Underweight 

(M=08, 

F=22) 

TOTAL=30 

Normal 

weight 

(M=38, 

F=63) 

TOTAL=101 

Overweight 

(M=11, 

F=6) 

TOTAL=17 

Obese 

(M=5, 

F=2) 

TOTAL=7 

Significance 

Handgrip  
Strength 
Mean±SD 

Male  23.5±5.67 26.65±7.03 27.18±9.36 25.12±7.78 >0.05,non 
Significant  

Female  10.52±6.3 12.12±8.97 14.45±5.46 10.32±1.34 >0.05,non 
Significant 

 Total  19.98±4.5 20.42±10.33  22.07±9.76 18.64±4.78 >0.05,non 
Significant 

Handgrip 
Endurance  
Mean±SD 

Male  30.5±10.43 33.12±12.43  27.45±8.54 26.21±4.5 >0.05,non 
Significant 

Female  20.47±4.56 15.45±11.25  13.02±6.34 10.50±2.5 >0.05,non 
Significant 

Total   29.36±5.32  23.36±13.3 20.43±6.54 20.34±2.54 >0.05,non 
Significant 

 Table :2 Gender specific distribution of HGS and HGE as per BMI (Indian Standards)  
The differences in hand grip muscle strength and endurance in different categories of BMI was 
investigated. The study revealed nuanced relationships between body composition and hand 
grip performance. While maximal hand grip strength (HGS) was observed in obese individuals 
(BMI ≥25 kg/m²), this finding lacked statistical significance (p > 0.05), suggesting no robust 
association between BMI and HGS. Further analysis using Pearson correlation coefficients 
demonstrated a moderate positive correlation between HGS and both height (r = 0.893, p < 
0.05) and weight (r = 0.874, p < 0.05), indicating that increased stature and body mass predict 
greater grip strength in cases of isometric exercises like handgrip dynamometer. Similarly, a 
low but statistically significant positive correlation emerged between height and hand grip 
endurance (HGE) (r = 0.564, p < 0.05), implying that taller individuals exhibit enhanced 
muscular endurance. 
Correlation of 
the different 
variables  

Correlation 
coefficient(r) 

P value Significant / 
Not significant 

Weight vs 
Handgrip 
strength  

0.874 <0.05 Significant 

Height vs 
Handgrip 
strength  

0.893 <0.05 Significant 

BMI vs 
handgrip 
strength  

0.196 1.03 Not significant 

Weight vs 
Muscle 
endurance  

0.235 0.064 Not significant 

Height vs 
Muscle 
endurance  

0.564 <0.05 Significant 

BMI vs Muscle 
endurance  

-0.032 0.752 Not significant 

Table;3 
Anthropometric traits 
of 155 subjects 
compared with 
handgrip strengths and 
endurance. Pearson’s 
coefficient of 
correlation was done to 
determine correlation 
amongst two variables.   
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 In contrast, BMI showed no significant correlation with either HGS or HGE (p > 0.05), 

reinforcing the limited predictive utility of BMI alone in this context. These findings align with 

biomechanics principles, as height and weight reflect skeletal leverage and muscle mass—key 

determinants of force production. The dissociation between BMI and grip metrics may stem 

from BMI's inability to distinguish fat mass from lean mass. Clinically, these results underscore 

the importance of prioritizing height and weight over BMI when interpreting grip strength and 

endurance in young adults, particularly for diagnostic or prognostic applications requiring 

precision. 

Discussion:  

This cross-sectional study systematically explored the associations between key 
anthropometric parameters—height, weight, and BMI—and hand grip muscle strength (HGS) 
and endurance (HGE) in a class of healthy young adults.25 The findings provide important 
insights into how these physical characteristics influence muscle function, with significant 
implications for clinical assessment and research. 
Influence of Anthropometric Parameters on HGS and HGE 

The results demonstrated that height exerts a positive influence on both hand grip muscle 
strength and endurance, while weight is positively associated with muscle strength alone. These 
findings underscore the necessity for clinicians to account for individual anthropometric 
differences when interpreting HGS and HGE measurements,26,27 particularly if these 
assessments are to be used as diagnostic or prognostic tools. Failure to consider these factors 
could compromise the reliability and validity of grip strength as a marker of health or disease 
progression.28 

Sex Differences in HGS and HGE 

Consistent with previous literature, male participants exhibited higher values for height, 
weight, HGS, and endurance compared to females, although BMI was higher in females.29 This 
pattern aligns with studies conducted among diverse populations, such as Nigerian secondary 
school students, where similar sex-based differences in grip strength and anthropometric 
measures were observed.30 The higher muscle mass and strength observed in males can be 
attributed, at least in part, to the influence of testosterone, which not only promotes muscle 
hypertrophy but also increases bone density.31 Studies have shown a significant relationship 
between male stature and circulating testosterone levels, further supporting the biological basis 
for these differences.32 

Correlation of Height and Weight with HGS 

The positive correlations identified between height, weight, and HGS in this study are 
consistent with findings from other research. For example, Chatterjee and Chowdhury reported 
that HGS measured by a dynamometer was positively correlated with weight, height, and body 
surface area.33 The relationship between height and grip strength may be explained by 
biomechanical principles: greater height typically corresponds to longer upper limbs, which 
provide a mechanical advantage (longer lever arms) for force generation, thereby facilitating 
higher grip strength.34,35 Similarly, body weight reflects not only adiposity but also lean body 
mass, the latter being a primary determinant of muscle strength. Individuals with greater lean 
mass are capable of generating more force.36 Chandrasekaran et al. also reported strong 
correlations between age, height, weight, and grip strength using standardized measurement 
protocols.37 
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BMI and Its Limited Predictive Value 

Interestingly, while some studies in athletic populations have found significant positive 
correlations between HGS and BMI, the present study did not observe a significant association 
between BMI and either HGS or HGE.38,39,43 This discrepancy may be partially explained by 
the relatively small sample size or the specific characteristics of the study. 44,45 More 
fundamentally, BMI is a composite measure that does not distinguish between fat mass and 
lean muscle mass, nor does it provide information on the distribution of adipose tissue. 
40,41Waist circumference, a more direct measure of central adiposity, has been shown to 
correlate inversely with muscle strength, suggesting that fat distribution rather than total body 
mass may be more relevant for functional outcomes.46 These findings reinforce the limitations 
of BMI as a solitary predictor of muscle function in young adults.47 

Height and Endurance 

A notable finding of this study was the significant positive correlation between height and 
muscle endurance, a relationship not observed with weight or BMI. This observation is 
consistent with other research, such as the study by Lad et al., which found that individuals 
with BMI values outside the normal range (either underweight or overweight) tended to have 
lower endurance, although the correlation was weak.53 Another investigation conducted in 
Jammu similarly reported significant associations between height, weight, and endurance, but 
no correlation between BMI and endurance. The biomechanical explanation for the association 
between height and endurance may relate to the mechanical advantage conferred by longer 
limbs, which can generate greater force and sustain contraction over longer periods.54,55 

Hand Anthropometry and Functional Implications 

Recent studies have expanded the analysis of grip strength to include detailed hand 
anthropometric measurements, such as hand width, thickness, grip diameter, and 
circumference. These dimensions have been shown to significantly predict grip strength in both 
dominant and non-dominant hands, accounting for up to 52% of the variance in strength among 
adults.58 Additionally, hand and forearm dimensions, as well as their ratios, have been linked 
to both grip strength and hand functionality, further emphasizing the multifactorial nature of 
muscle performance.56,57 These findings highlight the importance of comprehensive 
anthropometric assessment when evaluating hand function in both clinical and occupational 
settings.55 

Practical and Clinical Implications 

The practical significance of these findings lies in the standardization of grip strength and 
endurance measurements. Given that height and weight are influential determinants of muscle 
strength, and height also impacts endurance,56 it is essential to account for these variables when 
establishing normative values for specific populations. This is particularly relevant in clinical 
practice, where grip strength is used as a surrogate marker for overall health, nutritional status, 
or rehabilitation progress. Adjusting for anthropometric differences ensures more accurate 
assessment and enhances the utility of grip strength as a diagnostic and prognostic tool.59 While 
the present study provides valuable insights, certain limitations must be acknowledged. The 
sample size, though adequate for preliminary analysis, may limit the generalizability of the 
findings. Additionally, the exclusive focus on right-handed individuals and a narrow age range 
may restrict applicability to broader populations. Future research should aim to include larger, 
more diverse cohorts and incorporate additional measures of body composition, such as 
bioelectrical impedance analysis or dual-energy X-ray absorptiometry, to better differentiate 
between fat and lean mass. Longitudinal studies would also help clarify the causal relationships 
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between anthropometric variables and muscle function over time. To summarise, this study 
confirms that height and weight are significant predictors of hand grip muscle strength, while 
height also correlates with muscular endurance in young adults. BMI, in contrast, is not a 
reliable indicator of grip strength or endurance in this population. These findings underscore 
the necessity of considering individual anthropometric characteristics when utilizing grip 
strength and endurance as clinical or research metrics. Standardization of measurement 
protocols and reference values, adjusted for height and weight, will enhance the precision and 
interpretability of hand grip assessments, ultimately improving their value in both clinical and 
epidemiological contexts.60,61 

Conclusion:  

This study demonstrates that anthropometric parameters exert distinct influences on hand grip 
muscle strength (HGS) and endurance (HGE) in healthy young adults. Height and weight 
exhibited significant positive correlations with HGS (r = 0.874 and r = 0.893, respectively; p < 
0.05), while height alone showed a moderate yet statistically significant association with HGE 
(r = 0.564, p < 0.05). These findings suggest that taller individuals benefit from enhanced 
biomechanical leverage, as longer limbs optimize force generation through increased lever arm 
efficiency. Similarly, greater body weight, often indicative of higher lean muscle mass, 
contributes to improved grip strength. In contrast, body mass index (BMI) showed no 
significant correlation with either HGS or HGE, likely due to its inability to differentiate 
between adiposity and muscle mass, thereby limiting its utility in predicting functional 
outcomes. 
The dissociation between BMI and grip performance underscores the importance of prioritizing 
direct anthropometric measures—height and weight—over composite indices like BMI in 
clinical and research settings. These parameters should be integral to protocols standardizing 
HGS and HGE assessments, particularly when establishing population-specific reference 
values or evaluating interventions. For instance, taller individuals may inherently exhibit 
greater endurance due to physiological adaptations in muscle fibre composition or metabolic 
efficiency, warranting tailored interpretations of endurance metrics. 
These results advocate for the integration of height and weight adjustments in diagnostic and 
prognostic frameworks utilizing grip strength, such as assessing nutritional status, monitoring 
rehabilitation progress, or predicting morbidity risks. Future studies should explore these 
relationships in diverse demographics, including older adults and individuals with chronic 
conditions, while incorporating advanced body composition analyses (e.g., dual-energy X-ray 
absorptiometry) to delineate the contributions of fat-free mass versus adipose tissue. Such 
refinements will enhance the precision of HGS and HGE as biomarkers, ensuring their 
reliability in both clinical practice and public health initiatives. 
Limitations of the study:  

The present study is subject to certain limitations that may affect the generalizability and 
precision of the findings. Primarily, the relatively small sample size restricts the statistical 
power and may limit the detection of subtler associations between anthropometric variables 
and hand grip muscle function. Additionally, the study employed a conventional hand grip 
dynamometer rather than an advanced digital dynamometer, which could have provided more 
accurate and sensitive measurements of muscle strength and endurance. Furthermore, the 
assessment was confined exclusively to the dominant right hand of right-handed participants, 
thereby excluding potential bilateral differences and the influence of handedness on grip 
performance. Future research should aim to include larger, more diverse cohorts encompassing 
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various age groups, utilize high-precision digital dynamometers, and evaluate grip strength and 
endurance bilaterally in both right- and left-handed individuals. Such methodological 
enhancements would improve the robustness and applicability of results, facilitating a more 
comprehensive understanding of the interplay between anthropometric factors and hand grip 
muscle function. 
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