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Abstract

Hand grip strength is commonly used to assess muscular strength and is increasingly recognized as an
indicator of nutritional status. This study analyzes the correlation between body mass index (BMI) and hand grip
strength (HGS) in sedentary university students. This cross-sectional, observational study included 54
undergraduate students from the Department of Health Universitas Airlangga, selected using a convenience
sampling method. BMI was calculated using Quetelet’s formula, while hand grip strength was assessed in the
dominant hand using a Camry digital hand dynamometer, measured in kilograms. Statistical analyses were
conducted using the SPSS Statistics program. Participants were categorized into four groups based on BMI
classification concerning HGS. The mean BMI values were as follows: underweight (17.05+1.104), normal
weight (20.58+1.426), overweight (23.74+0.350), and obese (28.58+3.868). The mean HGS values were:
underweight (28.67+9.885), normal weight (26.76+5.796), overweight (32.23+9.085), and obese (34.95+9.659).
The Spearman correlation test between BMI categories and HGS was not significant (p > 0.05). Males and
females had mean BMI values of 24.33+4.765 kg/m? and 22.14+4.871 kg/m?, respectively, with corresponding
HGS values of 38.68+7.287 kg and 24.56+3.304 kg. The Spearman correlation test between BMI categories and
gender was also not significant (p > 0.05). In conclusion, no significant correlation was found between BMI and
HGS among sedentary university student.
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1. Introduction

Nutritional status can influence muscle quality and muscle strength (Lad et al., 2013). Anthropometric
measures, such as body mass index (BMI) and body weight, are used to evaluate nutritional status
(Unhapipatpong et al., 2025). BMI is categorized into four groups according to the Asian-Pacific:
underweight (<18.5 kg/m2), normal weight (18.5-22.9 kg/m2), overweight (23-24.9 kg/m2), and obese (>25
kg/m2) (Lim et al., 2017). High BMI may affect muscle strength, muscle thickness, and fibre composition
(Sung et al., 2022). Fat accumulation within skeletal muscle correlates with muscular weakness, diminished
functionality, and an increased risk of mobility impairments (Delmonico et al., 2009). Being overweight or
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obese is associated with inadequate muscular strength and endurance (Comeras-Chueca et al., 2024).
Overweight and obesity are frequently linked to reduced physical activity levels and increased sedentary
behaviour (SB) in population research (Curran et al., 2023). Students' daily routines are characterized by
sedentary activities, such as attending lectures, classes, seminars, and studying. Consequently, it is
unsurprising that the prevalence of SB is significantly higher among university students compared to the
global average (Edelmann et al., 2022).
Muscular strength is a more reliable indicator of adverse health outcomes than muscle mass. This is
particularly evident in commonly used assessments such as handgrip strength (HGS), the chair stand test, and
gait velocity (Cataltepe et al., 2023). The strength of upper limb muscles can be clinically evaluated by
measuring HGS (Dhar & Purwar, 2023). HGS refers to the force generated during a grasping action involving
deep and superficial upper extremity muscles (Dong et al., 2024). Grip strength is the force applied when
grasping or manipulating objects with the thumb and fingers (Saldiran et al., 2025). Grip strength is an
explanatory and predictive indicator of overall health outcomes, including general strength, disability, and
mortality (Liu et al., 2024). Measuring muscle strength through grip strength assessment is simple and cost-
effective (Cavdar et al., 2025). Handgrip strength has been associated with several anthropometric parameters,
including weight, height, and BMI (Dhananjaya et al., 2017). HGS is assessed using a device known as a hand
dynamometer, which quantifies the force exerted during hand grip (Hilal et al., 2025). To account for
biological differences in handgrip strength within sex groups, poor muscle strength was determined using <
28 kg for men and <18 kg for women (Charatcharoenwitthaya et al., 2022).

Several studies have examined the association between BMI and HGS. However, research focusing
specifically on sedentary university students remains limited. This study investigated the effects of BMI on
grip strength, as assessed by a hand-held dynamometer (HHD), in sedentary university students.

2. Method

The study was a quantitative, cross-sectional, observational study conducted in the Department of Health,
Faculty of Vocational Studies of Universitas Airlangga in February 2025. After providing written informed
consent, 54 students aged 18 to 21, including 21 males and 33 females, were enrolled in the study.
Participants with self-reported sedentary lifestyles were included in the study. They engaged in sitting
activities during the learning process for approximately 6 to 8 hours per day. BMI was calculated by dividing
weight in kilograms by the square of height in meters, using the formula: (Khanna et al., 2022).

weight (kg)
BM] = —7——

height (m)?

The handgrip strength is measured easily by a hand-held dynamometer (HHD). Participants were requested to
hold the digital hand dynamometer with the dominant hand, with the shoulder in a neutral position, the elbow
bent at 90 degrees, and the wrist between 30° of dorsiflexion and applying maximum pressure for three
seconds. The measurements were recorded in kilograms (Vaishya et al., 2024).

The baseline characteristics were presented using SPSS software, and the normality of all data was
confirmed. Spearmen's correlation test interpreted the correlation of BMI with handgrip strength. The result of
statistical analysis in a p-value of less than 0.05 at a 95% confidence interval was considered statistically
significant.

3. Result and discussion
All This study included a nearly equal number of male and female participants (m=21, f=33). All

participants were from the same institute, making the sample homogeneous. Hence, the sample was
homogeneous. The demographic data of the participants has been described in Table 1.
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Table 1

Descriptive statistics of general population characteristics and examination results (n = 54).

Demographic data Min P25 P50 Mean+sd P75 Max
Age (years)” 18.00 19.00 20.00 19.66+1.046 20.00 23.00
Height (m) 1.46 1.54 1.61 1.61£0.076 1.67 1.750
Weight (kg) 36.00 51.00 58.50 60.50+15.027 70.25 103.00
BMI 15.38 19.25 22.25 23.14+4.861 26.09 40.23
HGS* 18.90 23.17 27.40 30.35+8.732 37.32 49.90

'Data are meanz standard deviation. “Non-normal data
2Abbreviation - BMI: body mass index, HGS: hand grip strength, sd: standard deviation, m: meter, kg: kilogram.

3.1 Correlation between the category of BMI and HGS

All subjects were divided into four groups based on BMI classification. Among the participants, 11.11% were
classified as overweight, while 33.33% were categorized as obese according to the Asian BMI classification.
In comparison, 42.59% were classified as normal weight, and 12.96% were underweight.

The mean HGS values indicated that the obese category had the highest grip strength, while the normal
weight category had the lowest. Additionally, participants in the underweight category demonstrated higher
HHD values than those in the normal weight category (Table 2).

Statistical analysis revealed no significant correlation between BMI and HGS across BMI categories (p >
0.05). However, muscular strength demonstrated a noticeable increase with a higher BMI (Pasdar et al.,
2019). BMI has long been used as a screening and prognostic tool for obesity due to its convenience, ease of
interpretation, and reproducibility. However, BMI has an inherent limitation as an accurate measure of
adiposity, as it does not differentiate between fat and fat-free mass, including muscle, bone, fluids, and other
body components (Dhar & Purwar, 2023). BMI does not differentiate between body fat and lean body mass
and, therefore, is not a reliable predictor of body fat in older adults compared to younger and middle-aged
individuals (An & Shi, 2015). Muscle strength in both obese and non-obese individuals is influenced by
various factors beyond BMI or fat mass, which may impact performance metrics (Rolland et al., 2004). It is
widely accepted that, regardless of age, individuals with higher body fat tend to have greater absolute
maximum muscle strength than their non-obese counterparts. This suggests that increased adiposity acts as a
persistent overload stress on antigravity muscles, leading to enhanced muscle size and strength (Tomlinson et
al., 2016).

Table 2
Spearmen correlation test between the category of BMI values and HGS of participants

Classification of

Category BMI N=54 BMI (kg/m?) HGS (kg) r p-value
Underweight <18.5 7 17.05+1.104 28.67+9.885 0,60 0.148
Normal 18.5-22.9 23 20.58+1.426 26.76+5.796 -0.17 0.422
Overweight 23-24.9 6 23.74+0.350 32.23.0549.085 0.20 0.704
Obese 25-29.9 18 28.58+3.868 34.95+9.659 0.31 0.206

'Data are mean+ standard deviation
2Abbreviation -BMI: body mass index, HGS: hand grip strength, m: meter, kg: kilogram. r: correlation of coefficient.

Obese individuals exhibit a reduced proportion of type I muscle fibers and an increased proportion of type
IIb muscle fibers compared to lean individuals (Hickey et al., 1995; Tanner et al., 2002). Fast-twitch fibres
can be classified into Type Ila, Type IIx, and Type IIb (Mo et al., 2023). Human fast-twitch muscle fibers
generate high power in a short amount of time but are easily fatigued (Lievens et al., 2020). Body size is a
crucial factor in muscle strength, with insufficient muscle strength being associated with lower body weight
and vice versa (Hasan et al., 2016). Individuals with lower body mass frequently exhibit diminished strength
(Rantanen et al., 2000). Being underweight is associated with reduced muscle mass and, therefore, reduced
strength capabilities (An & Shi, 2015). Previous research has shown that lean subjects have more type I and
less type IIb muscle fibers (Kern et al., 1999; Tanner et al., 2002). In humans, type I or slow-twitch fibers
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have slower contraction velocities and demonstrate considerable fatigue resistance (Plotkin et al., 2021). Men
had significantly greater handgrip strength than women, and individuals classified as overweight or obese
exhibited greater strength compared to their underweight counterparts (Dogan et al., 2023).

3.2 Gender-specific relationship between BMI and HGS

Of the 54 participants, males have a percentage of 38,88% and females 61,11%. The mean of HGS showed
that males have higher hand grip strength than females. Statistical analysis showed that BMI and HGS did not
have a significant correlation among the two genders (p>0.05) (Table 3).

Differences in muscle strength and body composition are evident between genders and ethnic groups. From
early adulthood, women often possess 30 to 40% less physical strength than men (Lindle et al., 1997). A
cross-sectional investigation identified no correlation between BMI category and muscle strength in a cohort
of women (Apovian et al., 2002). The study indicated that boys exhibited superior performance to girls in
terms of muscular strength, power, endurance, and overall physical fitness, which improved at a more rapid
pace in boys, particularly during adolescence (Petrovics et al., 2021). Variations in muscle fibers types may
elucidate the more significant force production in men than women. The study concluded that men and
women possess comparable proportions of type I and type II fibers; however, type Il fibers occupy a larger
proportional area of muscle in males than in women (Nuzzo, 2022). This difference in muscle fiber
composition may also explain why women demonstrate more excellent resistance to muscle fatigue than men
during specific physical tasks (Hunter, 2016).

Table 3

Spearmen correlation test between gender-specific relationship between BMI and HGS

Demographic data Variable Meantsd p-value

Male BMI 24.33+4.765 0.104
HGS 38.68+7.287 ’

Female BMI 22.14+4.871 0.340
HGS 24.56+3.304 )

'Data are meanz standard deviation
2Abbreviation -BMI: body mass index, HGS: hand grip strength

The unequal number of male and female participants as well as the unequal distribution of participants
across BMI categories are limitations of our study. Consequently, for a more accurate assessment, experts
should measure body fat percentage and fat-free mass separately. Furthermore, this study only included
students between the ages of 18 and 25, and more research involving a wider range of age groups and the
general public is advised. The results of this study are consistent with earlier investigations into the
relationship between young adults' BMI and HHD.

4. Conclusion

There was no association between BMI and HGS, according to the study's findings. HGS values were
lowest in the normal BMI category and highest in the obese BMI category. In addition, men's handgrip
strength was greater than women's. To better understand the underlying mechanisms of this correlation, more
research is necessary
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