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INTRODUCTION
Muscle mass is considered a significant component of overall health1. 

Muscle strength is a clinical measure used to quantify muscle mass2. 
Higher lean mass is correlated with greater strength3. In young adults, 
higher muscle strength is associated with lower cardiometabolic risk4, 
providing a protective effect against mortality from cancer, hypertension, 
and type 2 diabetes5,6. Handgrip strength (HGS) and vertical jump are the 
most commonly used tests to assess muscular strength in adolescents and 
young adults because of their high degree of reliability and validity7,8. 
HGS is used to assess hand function and serves as a possible indicator of 
present and future health1,9,10. Individuals with lower muscle strength ear-
ly in life are more likely to have health issues related to weakness as they 
age11. The main factors influencing HGS are sex, age, physical activity, 
nutrition, and health conditions12-14. Anthropometric variables, including 
height, body weight, and body mass index (BMI) serve as important in-
dependent predictors of HGS15. 

Vertical jumps are employed to assess lower limb muscle strength and 
power performance16-18. The countermovement jump (CMJ) is a widely 
used tests that is considered reliable and valid for monitoring jump per-
formance and lower limb strength19. Main factors influencing jumping 
performance are muscle strength, power capability20,21, body composi-
tion20,22, and technique23. There is mixed evidence on the contributions of 
age, weight, and body composition to vertical jump performance. Vertical 
jump performance decreases as body fat increases in young male adults24, 
and there is a relationship between age and sex in vertical jump25. In 
contrast, a positive correlation was found between total body lean mass, 
fat mass and CMJ force and power26, whereas the percentage of body fat 
(BF%) had an inverse correlation with vertical jump27.

Sex strongly influences physical performance throughout adoles-
cence28,29. Women generally do not match men’s performance in tasks 
that demand high strength, muscular endurance, or physical work capac-
ity30,31. Sex differences are evident in total body fat mass, particularly in 
the lower limbs of women, whereas men tend to have an increased lean 
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[Purpose] Sex strongly influences physical perfor-
mance throughout adolescence, and excess fat mass 
is associated with several health and performance im-
pairments. This study aimed to evaluate whether varia-
tions in strength between men and women dependent 
on lean mass and body fat content.

[Methods] This cross-sectional, quasi-experimental, 
non-probabilistic study involved 44 university students 
(22 men and 22 women, aged 19–29). Handgrip 
strength (HGS) was measured using an adjustable 
handgrip dynamometer, body composition was as-
sessed using bioimpedance, and countermovement 
jumps (CMJ) were measured using a force platform. 
Data were analyzed using ANOVA to compare HGS 
and CMJ based on body mass, and the Pearson 
correlation coefficient was applied to examine the rela-
tionships between grip strength, body composition, and 
jump test performance.

[Results] Strength is significantly higher in men com-
pared to women, as is countermovement jump. The 
strength of women corresponded to over 50% of that 
of men, whereas the quantity of lean mass in women 
corresponded to 55% of that of men. We found a sig-
nificant relationship between strength and lean mass.

[Conclusion] This study supports the idea that both 
upper- and lower-body strengths are strongly influ-
enced by lean mass, thereby contributing to sex differ-
ences. The primary factor in body composition that ex-
plains the disparities in HGS and CMJ between sexes 
is the proportion of fat mass to lean mass. Finally, the 
sex disparities observed between body composition 
and strength depend on lean mass content.

[Keywords] sex, lean mass, body composition, grip 
strength, countermovement jump, university students
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body mass32. During puberty, hormonal differences drive a 
substantial increase in fat mass in females and a marked in-
crease in muscle mass in males33,34. Consequently, higher fat 
infiltration and lower muscle mass in women may contrib-
ute to their poorer physical performance compared to men29. 
Fat accumulation within skeletal muscles is linked to mus-
cle weakness and poor function35. Therefore, an increase in 
body mass index category is linked to a higher likelihood of 
low muscle strength in healthy adolescents. However, the 
extent of sex differences in strength varies by muscle group. 
In the lower limbs, women’s strength typically reaches 
60–80% of men’s strength, while in the upper limbs, it is 
closer to 60%36. Chile ranks among the countries with the 
highest obesity rates globally for both children and adults37. 
Obesity is associated with several impairments, including an 
increased risk of high blood pressure, as well as deficits in 
memory, attention, and motor skills at all ages. Furthermore, 
we must consider that approximately 50–80% of children 
and adolescents who develop obesity early in life become 
obese later in life, increasing the risk of obesity in adult-
hood38. Thus far, no study has explored the effect of excess 
body fat while considering sex-specific differences in mus-
cular strength performance, which serves as a possible indi-
cator of health in adolescents and young adults. Therefore, 
the aim of this study was to evaluate whether the strength 
differences between men and women depend on lean mass 
and body fat mass content and to hypothesize that an excess 
of fat mass induces a decrease in strength, whereas a higher 
lean mass favors the development of strength.

METHODS 
Participants

A total of 44 university students (22 women and 
22 men) aged between 19 and 29 years with simi-
lar levels of physical activity according to the IPAQ 
evaluation were recruited from the University Viña 

del Mar. This study employed a quasi-experimental, 
non-probabilistic design in a population of students 
from a kinesiology course. Thus, a participation rate of 
90% was achieved. Subjects weight (men: 77.9 ± 2.6 
kg; women: 63.9 ± 1.4 kg), height (men: 1.75 ± 0.01 m; 
women: 1.58 ± 0.01 m), and BMI (25.4 ± 0.8 in men 
and 25.3 ± 0.9 in women) are summarized in Table 1. 
Participants were fully informed about the study’s purpose 
and procedures, and gave their written consent before taking 
part. The study adhered to the guidelines of the Declaration 
of Helsinki and received approval from the Scientific Ethics 
Committee of Viña del Mar University (CEC-UVM 03-23). 
Anonymity and confidentiality were strictly maintained for 
all collected data, and the study was conducted solely for 
scientific purposes. All participants completed and signed 
an informed consent form prior to the study. Additionally, 
they did not engage in physical activity on the day be-
fore the evaluation. On the day of the evaluation, they 
consumed a light breakfast without caffeine. The anthro-
pometric and physical performance assessments were car-
ried out in a single session. First, students who voluntarily 
wanted to participate attended the science school laboratory, 
where anthropometric parameters were measured, and later 
completed the IPAQ survey. Second, after explaining the 
procedure, grip strength was measured in both extremities. 
Third, a jump test was conducted, and impedance analysis 
measurements were performed.

Handgrip strength
To perform the HGS measurements, a hydraulic dyna-

mometer with an adjustable grip (Baseline® model, USA) 
was used. Participants were instructed to stand upright with 
their arms at their sides and to squeeze with maximum force 
for 3 seconds in response to standardized verbal prompts 
from the researcher, and the number obtained before re-
setting the value to zero was recorded. The procedure was 
repeated three times for each hand, with a 1-minute rest 
between measurements, and the highest value recorded was 

Parameters Females (n = 22) Males (n = 22)
Age (years) 22 ± 0.9 23 ± 0.6
Weight (kg) 63.9 ± 1.4 77.9 ± 2.6*
Height (m) 1.58 ± 0.01 1.75 ± 0.01*
Waist circumference (cm) 68.22 ± 9.5 79.50 ± 10.2*
Body mass index (BMI) 25.3 ± 0.9 25.4 ± 0.8
Body fat mass (kg) 21.17 ± 6.2 18.73 ± 9.7
Fat free mass (FFM)(kg) 38.49 ± 4.7 59.97 ± 7.2*
Handgrip strength, (kg)
   Right hand (kg) 23.86 ± 4.2 43.98 ± 8.8*
   Left hand (kg) 25.10 ± 8.7 42.93 ± 9.3*
   Relative handgrip strength (kg/kg/m2) 1.9 ± 0.4 3.6 ± 0.9*
Body mass index status. % (n)
   Normal (%) 47.6 (11) 50 (11)
   Overweight (%) 38.1 (8) 40.9 (9)
   Obese (%) 14.3 (3) 9.1 (2)

significant differences were assessed by an unpaired t-test and are indicated by *p < 0.05 and **p < 0.01, respectively.

Table 1. Demographics, body composition, grip strength, and physical activity level.
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used for analysis.

Anthropometric measures
Standardized techniques were used for body measure-

ments39, taking two measurements for each parameter and 
taking the mean of both. Weight was determined using a 
SECA scale (model 700, precision 50 g, Germany) by plac-
ing the subject in the center of the plate in light clothing. 
Height was measured using a stadiometer (SECA) with 
participants standing, shoes removed, shoulders relaxed, 
and facing away from the wall. BMI, expressed in kg/m², 
was calculated by dividing weight (kg) by height squared 
(m²). BMI was further categorized according to internation-
al adult standards as follows: underweight (BMI < 18.5), 
normal weight (BMI = 18.5–24.9), overweight (BMI = 
25.0–29.9), and obese (BMI > 29.9)25. Waist circumference 
was measured with the abdomen exposed, arms relaxed and 
abducted at the end of normal expiration, ensuring that there 
was no pressure on the tape. A direct segmental multi-fre-
quency bioelectrical impedance analysis device, InBody 
270 (InBody Co. Ltd, South Korea) was used to assess 
body composition. The measurements were performed in 
temperature-controlled laboratories. Briefly, body composi-
tion was measured using a standardized protocol40 with an 
eight-electrode multifrequency segment, which was regular-
ly serviced and calibrated.

Jump performance
A force platform (Art Oficio PF-4000/50, Santiago, 

Chile) was used to conduct the countermovement jump 
(CMJ) test. Before testing, participants completed a 5-min-
ute warm-up at a cadence of 60–70 rpm without resistance. 
During the test, participants positioned their feet parallel 
and shoulder-width apart, knees extended, and arms placed 
akimbo. After a rapid downward movement, the participants 
flexed their knees and hips, followed by a quick knee exten-
sion to achieve maximum vertical jump height. Each par-
ticipant performed three CMJ repetitions, with a 1-minute 
break between attempts. The best performance was used for 
subsequent statistical analysis. To assess within-subject vari-
ation and the reliability of CMJ measurements, the coeffi-
cient of variation (CV) was calculated following the method 
described by Hopkins41, with acceptable reliability defined 
as CV ≤ 10%42.

 Statistical analysis
The Shapiro–Wilk test was used to evaluate the normal-

ity of the data distribution, whereas homoscedasticity was 
analyzed using Spearman´s test. If a variable did not fit a 
normal distribution or the variances were heteroscedastic, 
a log-transformation of the data was performed. Subse-
quently, back-transformation was performed to inform the 
participants of the data. Descriptive data for categorical 
variables are presented as both relative and absolute fre-
quencies, and were analyzed using an unpaired Student’s 
t-test. Continuous data are expressed as means and standard 
deviations, stratified by sex and the dominant hand. Dif-
ferences in HGS by BMI were assessed using a two-way 

ANOVA (sex [female, male] × BMI classification [normal, 
overweight, obese]), followed by Bonferroni post-hoc tests. 
Potential differences in CMJ parameters based on sex and 
body composition were similarly analyzed using a two-
way ANOVA. Bivariate relationships between HGS, CMJ, 
and body composition were explored through correlation 
and regression analyses. The strength of correlations was 
classified as follows: very weak (0.0–0.2), weak (0.2–0.39), 
moderate (0.4–0.59), strong (0.6–0.79), and very strong 
(0.8–1.0). Multivariate regression was employed to examine 
the simultaneous effects of sex (male or female) on strength 
and body composition. An alpha level of p < 0.05 was con-
sidered statistically significant for all hypothesis tests, which 
were two-tailed. Statistical analyses were performed using 
GraphPad version 8.01 for Windows (GraphPad Software, 
Boston, MA, USA).

RESULTS 
Table 1 presents the descriptive summary of the sample. 

As anticipated, men demonstrated greater handgrip strength 
in both absolute and relative terms (hand grip strength/BMI), 
as well as a larger average waist circumference. Most par-
ticipants had BMI values classified as normal weight, with a 
homogeneous distribution across sexes (Women: 25.3 ± 0.9; 
Men: 25.4 ± 0.8). We also found that the mean of body fat 
mass is homogeneously distributed by sex and fat free mass 
(FFM) in men was higher than in women (Men: 59.97 ± 7.2; 
Women: 38.49 ± 4.7, p < 0.05). Additionally, the distribution 
of BMI categories (normal weight, overweight, and obese) 
was uniform across sexes, as shown in Table 1.

Handgrip strength and body composition
A two-way ANOVA showed that handgrip strength is sig-

nificantly higher in men compared to women (men: 42.97 ± 
1.1 kg; women: 24.18 ± 2.4 kg, p < 0.0001) (Figure 1A). In 
men, handgrip strength tended to decrease with increasing 
BMI (excess body fat mass), whereas in women no changes 
in handgrip strength were associated with changes in BMI. 
Grip strength did not correlate with body fat mass in wom-
en, whereas it showed a moderately negative correlation in 
men (r = -0.40). (Figure 1B). We found a very weak cor-
relation between handgrip strength and FFM in women (r 
= -0.10), while a significant moderate positive relationship 
was observed in men (r = 0.44, p < 0.05) (Figure 1C). A 
two-way ANOVA showed that normal-weight women have 
significantly more fat mass in the right upper extremity than 
men (men: 0.55 ± 0.4 kg; women: 1.2 ± 0.3 kg, p < 0.048). 
However, no sex differences were observed in overweight 
or obesity status. Moreover, women have a lower amount 
of lean mass compared to men across all weight statuses 
(men: 3.4 ± 0.5 kg; women: 1.9 ± 0.3 kg) (F (2,68) = 41.81, 
p < 0,0001) (Figure 1D). Table 2 shows the percentages of 
strength and lean mass of women normalized to those of 
men (100%). In the upper limbs, women’s grip strength is 
52–62% of men’s, while their lean mass in the right upper 
extremity is 54–62% of men’s.
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Parameters n Weight Height WC Fat mass % of  
fat mass FFM SMM

All subjects 44 0.42* 
(0.15-0.64)

0.79* 
(0.7-0.9)

0.38* 
(0.1-0.6)

-0.31* 
(-0.5-0.06)

-0.68* 
(-0,8- -0.5)

0.8* 
(0.7-0.9)

0.8* 
(0.7-0.9)

Females 22 0.29
 (-0.1-0.6)

0.48* 
(0.1-0.8)

0.41 
(-0.01-0.7)

0.04 
(-0.4-0.4)

0.04 
(-0.4-0.4)

-0.10 
(-0.5-0.3)

-0.14 
(-0.5-0.3)

Males 22 -0.12
(-0.5-0.3)

0.48*
(-0.06-0.75)

-0.25 
(-0.6 – 0.2)

-0.40* 
(-0.7-0.01)

-0.53*
 (-0.7- -0.1)

0.44* 
(0.03-0.8)

0.47*
(0.04-0.8)

Normal weight 22 0.82* 
(0.6-0.9)

0.89*  
(0.8-1.0)

0.63**
(0.3-0.8)

-0.67*
(-0.8- -0.3)

-0.79***
(-0.9- -0.6)

0.84***
(0.6-0.9)

0.84***
(0.6-0.9)

Overweight 17 0.58*
(0.1-0.8)

0.73***
(0.4-0.9)

0.54*
(0.08-0.8)

0.09
(-0.5- 0.6)

-0.61*
(-0.9- -0.1)

0.84***
(0.6-0.9)

0.84***
(0.6-0.9)

Obesity 5 0.15
(-0.9-1.0)

0.98
(0.4- 1.0)

0.95
(-0,1 – 1.0)

*0.48
(-0.9-0.9)

-0.95*
(-0.9-0.06)

0.68
(-0.8- 1.0)

0.74
(-0.8- 1.0)

Table 3. Supplementary material. Pearson correlation (95% confidence interval) to handgrip strength across different sub-groups.

WC: waist circumference; FFM: Fat Free Mass; SMM: Skeletal Muscle Mass.* p < 0.05, **p < 0.01, ***p < 0.001. 

Parameters HGS FFM upper 
limbs Jump force Jump power Jump height FFM lower 

limbs
Normal weight 54.98% 53.60% 54.66% 45.70% 55.89% 62.66%

Overweight 51.18% 62.38% 73.14% 56.15% 67.47% 66.28%
Obesity 61.72% 59.11% 41.48% 57.45% 62.85% 66.06%
Mean 55.96% 58.4% 56.42% 53.1% 62.1% 65.0%

Data are means ± SEM. HGS: Handgrip strength; FFM: Fat Free Mass.

Table 2. The percentage of strength and lean mass of females normalized to males (100%).

Figure 1. Association between handgrip strength and body composition. A. Grip strength 

is greater in males compared to females (Males: 43.0±1.4; Females: 24.20±0.7). In males, 

grip strength tends to decrease with increasing body mass index, while no changes in grip 

strength associated with body mass index are observed in females. B. Grip strength does not 

correlate with the amount of body fat mass in females (r = 0.04), while it has a negative 

correlation (r = -0.43) with body fat mass in males. C. Grip strength does not correlate with 

the amount of fat free mass in females (r= -0.12), while it has a moderately positive 

correlation (r=0.47) with fat free mass in males. D. Ratio of lean mass and fat mass in the 

right upper extremity in females (black) and males (red). The absolute fat mass is similar 

between both sexes (Males: red square; Females: black square), with exception in normal 

weight where females had a higher amount of fat mass compared to males. However, the 

amount of lean mass is higher in males (red circle) compared to females (black circle) across 

the body mass index status. *p < 0.5, **p < 0.01, ***p < 0.001, ****p < 0.0001, two-way 

ANOVA (a,d), regression analysis (b,c). 

Figure 1. Association between handgrip strength and body composition. A. Grip strength is greater in males compared to 
females (Males: 43.0±1.4; Females: 24.20±0.7). In males, grip strength tends to decrease with increasing body mass index, 
while no changes in grip strength associated with body mass index are observed in females. B. Grip strength does not correlate 
with the amount of body fat mass in females (r = 0.04), while it has a negative correlation (r = -0.43) with body fat mass in males. 
C. Grip strength does not correlate with the amount of fat free mass in females (r= -0.12), while it has a moderately positive 
correlation (r=0.47) with fat free mass in males. D. Ratio of lean mass and fat mass in the right upper extremity in females (black) 
and males (red). The absolute fat mass is similar between both sexes (Males: red square; Females: black square), with exception 
in normal weight where females had a higher amount of fat mass compared to males. However, the amount of lean mass is 
higher in males (red circle) compared to females (black circle) across the body mass index status. *p < 0.5, **p < 0.01, ***p < 0.001, 
****p < 0.0001, two-way ANOVA (a,d), regression analysis (b,c).
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Spearman’s correlation coefficient showed a significantly 
moderate correlation between handgrip strength and height 
in both women (r = 0.48, p < 0.05) and men (r = 0.48, p < 
0.05). A significantly strong correlation was observed be-
tween handgrip strength, FFM, and skeletal muscle mass 
(SMM) in men. However, we did not find any correlation 
among HGS, FFM, and SMM in women. When categorized 
by body mass index, a significantly strong and positive re-
lationship was observed between grip strength and weight, 
height, waist circumference, fat mass, BF%, FFM, and 
SMM among individuals with a normal weight status (rang-
ing from 0.63 to 0.89, p < 0.05) (Table 2). In overweight 
individuals, a significantly moderate-to-strong positive 
correlation was observed between handgrip strength and 
weight, height, waist circumference, BF%, FFM, and SMM 
(ranging from 0.54 to 0.84, p < 0.05). In the obesity group, 
we found a strong positive correlation between handgrip 
strength and height, waist circumference, BF%, FFM, and 
SMM (ranging from 0.68 to 0.98, p < 0.05) (Table 3, Sup-
plemental material).

Jumping performance across gender, body compo-
sition, and its association with lean mass

For the CMJ force there was a statistically significant ef-
fect by sex (men: 901.8 ± 382.3N; women: 475.1 ± 89.27N, 

p < 0.0001), BMI category (F(2,33) =13.78, p < 0.0001), 
and the interaction between sex and BMI (F(2,33) =3.38, p 
= 0.0459) (Figure 2A). Furthermore, the CMJ force in the 
obese group was significantly higher than that in the other 
BMI categories (p < 0.05). Men generated twice the jump 
power of women (p < 0.0001), and no effect of BMI or 
the interaction between sex and BMI on power was found 
(Figure 2B). Furthermore, men had a significantly higher 
jump height in each body mass index status than women (p 
< 0.0001), and no effect of body mass index status on jump 
height was found (Figure 2C). Two-way ANOVA revealed 
that the amount of fat mass in the lower limbs was similar 
between women and men across all BMI categories. How-
ever, women have a lower amount of lean mass compared to 
men across all weight statuses (men: 9.6 ± 0.7 kg; women: 
6.2 ± 0.5 kg) (F (2,68) = 14.87, p < 0,0001) (Figure 1D). 
Additionally, Table 2 shows the percentages of CMJ force, 
power, jump height, and lean mass of women normalized to 
those of men (100%). In the lower extremities, for women 
corresponded to a mean of 53% to 62% of those developed 
by men, while the amount of lean mass in women’s lower 
extremities averaged 65% of that in men.

There was a very weak positive relationship between 
jump force and body fat mass in women (r = 0.10), while 
men exhibited a weak correlation (r = 0.2) (Figure 3A). 

Figure 2. Relationship between jumping parameters, and body composition. A. Males 

have a significantly higher jumping force in each body mass index status compared to 

females. Furthermore, force is influenced by both sex (p < 0.001) and body mass index (p < 

0.05). B. Males generate twice the jump power of females, and no effect of body mass index 

on power was found. C. Males have a significantly height of jump in each body mass index 

compared to females, and no effect of body mass index on height of jump was found. D. 

Ratio of lean mass and fat mass in the lower extremity in females (black) and males (red). 

The absolute fat mass is similar between both sexes (Males: red square; Females: black 

square). However, the amount of lean mass is higher in males (red circle) compared to 

females (black circle) across the body mass index status.  *p < 0.5, **p < 0.01, ***p < 0.001, 

****p < 0.0001, two-way ANOVA. 

 

 
Figure 2. Relationship between jumping parameters, and body composition. A. Males have a significantly higher jumping 
force in each body mass index status compared to females. Furthermore, force is influenced by both sex (p < 0.001) and body 
mass index (p < 0.05). B. Males generate twice the jump power of females, and no effect of body mass index on power was 
found. C. Males have a significantly height of jump in each body mass index compared to females, and no effect of body mass 
index on height of jump was found. D. Ratio of lean mass and fat mass in the lower extremity in females (black) and males (red). 
The absolute fat mass is similar between both sexes (Males: red square; Females: black square). However, the amount of lean 
mass is higher in males (red circle) compared to females (black circle) across the body mass index status.  *p < 0.5, **p < 0.01, 
***p < 0.001, ****p < 0.0001, two-way ANOVA.
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There was a weak inverse relationship between power and 
body fat mass in men (r = -0.23), whereas there was no 
correlation with body fat mass in women (r = 0.04) (Figure 
3B). There is no correlation between jump height and body 
fat mass in women (r = -0.02), whereas men exhibited a 
significantly strong inverse correlation between jump height 
and body fat mass (r = -0.63) (Figure 3C). There was no 
relationship between jump force and FFM in women (r = 
0.005), whereas there was a significantly moderate inverse 
relationship between jump force and FFM in men (r = -0.52) 
(Figure 4D). There was a weak inverse relationship between 
jump power and FFM in women (r = -0.30), while men 
exhibited a very weak correlation (r = 0.10) (Figure 3E). 
Additionally, there was a weak positive correlation between 
jump height and FFM in men (r = 0.17) and a weak inverse 
relationship with FFM in women (r = -0.29) (Figure 3F).

DISCUSSION 
This study aimed to evaluate whether differences in 

strength between men and women depend on lean mass and 
body fat content. First, regarding the upper limbs, wom-
en’s grip strength ranged from 52% to 62% of men’s grip 
strength, and the quantity of lean mass in the right upper 
extremity of women corresponds to 54–62% of that in men. 
Second, a significant relationship was observed between 

grip strength and both BF% and fat-free mass across all 
participants. This finding correlates with that of Zaccagni et 
al. (2020) who found that HGS varies significantly between 
sexes and is directly influenced by body composition. How-
ever, HGS did not correlate with body fat mass in women, 
whereas a moderate negative correlation was found in men. 
These sex-related differences in HGS may be attributed 
to variations in the amounts of fat mass and lean mass in 
the upper limbs31. Muscle volume is considerably lower in 
women due to reduced testosterone production, while the fat 
mass percentage is higher under the influence of estrogen33. 
In this study, men demonstrated more than 50% greater 
HGS than women, which aligns with the findings of Man-
sour et al.31, who reported significantly higher HGS in men 
across all age groups. Men also possess nearly twice the 
lean mass and half the fat mass in the right upper extremity 
compared to women, primarily due to distinct morphologi-
cal and physiological variations43,44. Sartorio et al.45 identi-
fied sex and sex hormones as the primary factors influencing 
HGS. Furthermore, women’s strength in the upper limbs is 
equivalent to 40% of that of men46. In this study, we found 
that the strength level of women was 55% of that of men.

Our findings indicated that male CMJ performance pa-
rameters were more than 40% better than those of women 
(p < 0.0001), which agrees with the findings of McMahon 
et al.47 in which men produced greater strength and power. 
However, these differences diminished after adjusting for 

 

Figure 3. Correlation between jumping parameters, and body composition. A. There is a weak positive correlation between 
jump force and the amount of body fat mass in males (r= 0.10) and female (r = 0.20). B. There is a weak negative correlation 
between force and body fat mass in males (r = -0.23), while it has not correlation with body fat mass in females (r = 0.04). C. 
Height of jump power has a significantly moderate negative correlation (r = 0.6) with body fat mass in males, while it has not 
correlation (r = -0.02) with body fat mass in females. D. There is a significantly moderate positive correlation between jump force 
and the amount of fat free mass in males (r = 0.52), while it has not correlation (r = -0.005) with fat free mass in females. E. There 
is a weak positive correlation between power and fat free mass in males (r = 0.1), whereas there is a weak negative correlation 
between power and fat free mass in females (r= -0.3). F. There is a weak positive correlation between height jump and fat-free 
mass in males (r = 0.17), whereas there is a weak negative correlation between height jump and fat-free mass in females (r = 
-0.3). *p < 0.5, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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body mass and were entirely eliminated when the parame-
ters were adjusted for lean mass31. We found that men had 
significantly more lean mass in the lower body than women 
(p < 0.0001), which aligns with the findings of Janssen et 
al.43, who reported higher lean mass in men across all age 
groups. There were no sex differences in body fat mass of 
the lower limbs. Prior research has indicated that changes 
in body composition and endocrine factors may account 
for variations in physical performance48. Excess fat among 
female students has been found to have a disadvantageous 
effect on vertical jump performance31. 

Our evidence supports the idea that strength disparities 
between men and women are linked to differences in lean 
mass. First, our study revealed a significant inverse correla-
tion between handgrip strength (HGS) and body fat mass in 
men. Additionally, we found that an increase in lean mass 
significantly correlated with an improvement in handgrip 
strength in men. Second, sex disparities in grip strength and 
CMJ parameters were in concordance with the quantity of 
lean mass. For example, women’s grip strength is 52–62% 
of men’s, while their lean mass in the upper limbs is 54–
62% of that of men. Additionally, at the lower limb level, 
the CMJ force, power, and height of women corresponded 
to 56–58% of those of men, whereas the quantity of lean 
mass in the lower limbs of women corresponded to 65% of 
that of men. Third, in men the CMJ force exhibited a signif-
icant positive correlation with lean mass.

This study presents several strengths and weaknesses. Al-
though our sample of healthy students may not fully reflect 
the broader population, it is sufficient for drawing mean-
ingful conclusions. Additionally, the homogeneity of the 
sample regarding age limited our ability to assess changes in 
strength across different age groups. Further investigations 
should be conducted using other experimental groups to 
corroborate our results and obtain new data.

The results of this study suggest that lean mass signifi-
cantly influences both upper and lower body strength, con-
tributing to differences between the sexes. The primary fac-
tor in body composition that explains the disparities in HGS 
and CMJ between women and men is the ratio of fat mass to 
lean mass. Finally, the differences in the relationship between 
body composition and strength among university students 
varied according to the amount of lean mass present.
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