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Abstract 
Background: Hand-grip strength has an important role in daily activities and serves as a 

reliable indicator of overall strength of body and health.  

Aims: The purpose of present study was to determine the association between relative 

total hand grip strength and cardiorespiratory fitness of individuals who joined in Isfahan 

Steel Factory recruitment tests.  

Methods: Data were collected from 1010 men aged 20-35 years that participated in this 

study. The right and left-hand strength was evaluated by dynamometer, cardiorespiratory 

fitness with 20m shuttle run test, push-ups, curl-ups, trunk strength and body fat 

percentage with valid tests and protocols. Relationship between relative overall hand-

grip and cardiorespiratory index of individuals and other variables were examined using 

multiple linear regression.  

Results: The regression analysis showed significant association between relative total 

handgrip strength (THGS) and cardiorespiratory fitness of participants adjusted by body 

mass index (r= 0.482; p=0.001) and body surface area (r= 0.207; p=0.001).  

Conclusions: Data analysis revealed that hand-grip strength adjusted by body max index 

and body surface area could be an indicator of physical health and moderately reflect 

cardiorespiratory fitness in healthy young adults. 
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 Introduction 
 Physical fitness is the ability to perform daily activities with optimal 

performance and manage illness and stress. It is related to genetic and 

environmental factors (Roberts et al., 2011). Physical fitness consists of various 

elements that can be further grouped into health-related and skill-related 

components. Health-related physical fitness includes cardiorespiratory 

endurance, muscular endurance and strength, body composition and flexibility. 

Research has shown that among these components muscular strength and 

cardiorespiratory fitness have a strong relationship with health outcomes 

(Ortega, et al., 2012). The assessment of physical fitness for a job activity is 

defined as whether a person is ready to perform his duties without endangering 

himself and others. Therefore, there should be sufficient knowledge about both 

working and health conditions. On the other hand, due to the changing nature of 

these two variables, physical fitness for a specific job is considered a dynamic 

concept (Serra et al., 2007). Therefore, physical evaluations should be done at 

the beginning of employment relationships, after transferring job positions 

during employment, after the occurrence of some physical discomforts and 

periodically, especially in potentially dangerous jobs that require special 

physical abilities (Calderwood et al., 2020). 

Muscle strength was measured in a variety of formats, including 1 repetition 

maximum (1 RM), handgrip dynamometry, isometric assessments with a chain 

device, and electromechanical dynamometry or isokinetic dynamometry 

(Rantanen et al., 2000). One of the suggested methods to measure overall 

muscular strength of body is hand grip strength (HGS). Measurement of 

isometric HGS is a simple method to indicate physical strength and is correlated 

with upper, lower, and overall body strength. Previous studies have suggested 

that HGS is correlated with some anthropometric characteristics such as body 

composition, age, sex (Ingrová et al., 2017), health and fitness scores (Cooper et 

al., 2017), and risk of premature mortality (Bohannon, 2008). There is high 

heterogeneity of HGS in different populations and makes it difficult to compare 

them. To reduce this heterogeneity, it is suggested to adjust HGS for body 

surface area and body mass index (Crump et al., 2017). 

The measurement of maximum oxygen consumption (  O2max) is another key 

factor in assessing health. World Health Organization (WHO) reported that 

  O2max could be a standard indicator for the assessment of cardiovascular fitness 

(CRF). It has been demonstrated that higher CRFs are associated with better 

health outcomes, such as a lower risk of heart problems, diabetes and cancer 

(Kodama et al., 2008; Sui et al., 2010). There are a number of direct and indirect 

methods to determine or estimate   O2max including treadmill-based aerobic 
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testing so as to specify   O2max or   O2peak, 1-mile walk/Run, 20-m multistage 

shuttle run, Cooper’s 12-minute run, a two-minute arm ergometer assessment at 

50 W, a six-minute cycling, and six-minute step test (Grant et al., 1999; 

Shephard et al., 1968). Direct measurement of   O2max using laboratory 

equipment in epidemiological studies or with a large number of participants is 

expensive and time-consuming. Therefore, introducing an alternative method to 

prediction of cardiovascular fitness seems favorable in such study. There is a 

dearth of research in this area. As an example, in a study, it was found that low 

aerobic fitness, low muscle strength and obesity at age ≥18 were associated with 

increased mortality in adulthood, and that there were interactive effects between 

aerobic fitness and muscle strength (Crump et al., 2017).  

In order to predict the occupational performance of employees, it appears that a 

wide range of fitness tests is required. Other important measures include muscle 

strength, endurance and power, agility and anaerobic capacity, although aerobic 

fitness tests are the most widely studied and closely related to occupational 

performance. To this end, efforts should be made to base fitness assessments on 

occupational demands which are unique to each individual, both in terms of 

environment and in terms of occupational requirements. The aim of this study 

was to determine the relationship between total HGS and   O2max in young 

healthy Iranian adults. It was hypothesized that there was a strong association 

between aerobic fitness and muscular strength in these populations. 
 

Methods 
The present study was a prospective and cross-sectional in design. The data were 

obtained at the University of Isfahan. The ethics approval was obtained from the 

University of Isfahan (No: IR.UI.REC.097.1400). Participants were individuals 

who joined in Isfahan Steel Factory recruitment test. A number of 1010 healthy, 

male individuals aged 20-35 years participated in this study. Individuals with a 

history of any cardiovascular diseases (n=1), Asthma (n=1), Breath problems 

(n=1), Diabetic (n=1), Hypertension (n=1) and smoking (n=11), which may 

affect the outcomes of the exercise tests were excluded. Before the exercise tests 

were administered, participants were informed with methodology of the study 

and written informed consent was obtained. Anthropometric parameters 

including height (cm), weight (kg), and body mass index (BMI, kg/m
2
) are 

measured by a valid stadiometer (Seca 220-gauge stadiometer, Hamburg, 

Germany) to the nearest 0.1 cm and 0.1 kg, respectively. Wight (kg) divided by 

height (m
2
) was used to calculate the BMI and Body surface area (BSA) was 

calculated using the following equation: 

    
√      (  )       (  )

    
     (Zhou et al., 2021) 
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 Body fat percentage measured using the caliper (Lange, UK) including triceps, 

thigh, supra-iliac, and subscapular sits (Eston et L., 2018).   

The maximum isometric strength of hand and forearm muscles were measured 

by a hand-grip dynamometer (Baseline, Masan 630nd Korea). Trunk strength 

(kg) was measured by a trunk dynamometer (SEAHAN, Korea). Abdominal 

muscle endurance and chest and shoulder muscle endurance were assessed using 

the curl-up and push-up tests (Gibson et al., 2019). Lifestyle habits, such as 

smoking (current smoker or nonsmoker), and physical activity (sedentary, daily 

exercise less than 30 min, 31-45 min, 46-60 min, 60-90 per day) were assessed 

with the questionnaire. 
 

Handgrip Strength Test 
Following the methodology outlined in prior research (Celis-Morales et al., 

2017), the participant assumed an upright seated position with the elbow flexed 

at a 90° angle and resting on a table. Holding the hand dynamometer, the 

participant exerted maximal handgrip effort three times on each side, with the 

results indicated in kilograms (kg). A one-minute interval was observed between 

measurements to allow for the recovery of muscle strength. The average of three 

measurements was then recorded for both the left-hand grip strength (LHGS) 

and right-hand grip strength (RHGS). The total hand grip strength (THGS) was 

calculated as the mean of the right and left side values. 

Body size affected the HGS (Nevill et al., 2003); therefore, we adjusted the left 

and right handgrip for BMI and BSA and reported them as HGS/BMI and 

HGS/BSA.  

The 20m shuttle run test has been performed for estimation of   O2max in the 

participant. This aerobic capacity field test consisted of a reciprocal run between 

two lines 20 meters apart at a starting speed of 8.5 km per hour. Participants 

were encouraged to continue the test as much as possible. The test terminated 

when the participant couldn’t keep the running speed or was unable to reach the 

end line three times according to the audible warning. The velocity obtained in 

the last step was recorded and placed in the following formula instead of x: 

  O2max (ml.kg
-1

.min
-1

) = 6(x)-24.4(x) (Kilding et al., 2006). During the testing 

period, if there was dizziness or chest pain the test stopped, and the participant 

was lied to a supine position and done under medical care. 

The demographic characteristics of participants were summarized in Table 1. 

The correlation between THGS/BMI, THGS/BSA, and other variables were 

analyzed by Pearson correlation coefficient statistics showed in Table 2. 

Multivariate linear regression analysis was used to explore factors independently 

correlated with THGS/BMI and THGS/BSA (Table 3). Data analyses were 

performed using SPSS software, version 24.0 (Armonk, NY: IBM Corp.). 
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Figures were performed using Graph Pad Prism version 8.01 (San Diego, USA). 

Two-sided p-values < 0.05 were considered statistically significant. 
 

Results 
A number of 1010 young healthy male adults participated in this study. After 

excluding subjects with smoking, heart disease, diabetes, asthma, hypertension, 

respiratory problems, 994 young healthy male adults with the mean age of 

(24.22±2.34 years) participated in testing protocols. Table 1 summarizes the 

characteristics of those participants. 

 
Table 1-Characteristics of the participants in the study 

Variable Mean± SD Variable   Mean± SD 

Age(year) 24.22±2.34 RHGS/BMI 2.14±0.48 

Weight(kg) 76.63±13.30 THGS/BMI 3.10± 0.65 

Height(m) 179.25±6.02 THGS/BSA 37.82 ±6.50 

BMI (kg/m
2
) 23.83±3.89 TRS 139.49±31.48 

BF% 24.80± 5.61 TRS/BMI 5.94± 1.43 

BSA(m
2
) 1.94± 0.18  TRS/BSA 71.82± 15.72 

LHGS (kg) 47.93±9.38 Curl ups(n) 29.31±8.23 

RHGS (kg) 50.24±9.98 Pushups(n) 20.28±10.32 

THGS (kg) 72.65±13.58 VO2max  (ml.kg/min) 39.42± 5.48 

LHGS/BMI 2.02±0.44   

 Note:   SD: standard deviation; BMI: body mass index; BSA: body surface area; BF%: 

body fat percent; 

 LHGS (left hand-grip strength); RHGS (right hand-grip strength); THGS (total hand-

grip strength); TRS  

(Trunk strength); VO2max (maximal oxygen uptake); n (number). 

 
Table 2 shows the results of the correlation analysis. The measured variables 

such as weight, height, BMI, BSA, BF%, THGS/BSA, TS/BMI, TS/BSA, 

  O2max, curl-ups (abdominal muscle endurance), and push-ups (shoulder and 

chest muscle endurance) were correlated with THGS/BMI and THGS/BSA 

ratios (p=0.05). These results showed that THGS/BMI and THGS/BSA were 

associated with health-related factors and had a potential reflection of health 

conditions.  
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Table 2- Correlations between participants’ characteristics, THGS/BMI and 

THGS/BSA 

Variables THGS/BMI  r (p- value) THGS/BSA  r (p -value) 

Weight(kg) -0.362 (0.001) -0.130 (0.001) 

Height(m) 0.312 (0.001) 0.054 (0.08) 

VO2max (ml.kg/min) 0.483 (0.001) 0.207 (0.001) 

BF% -0.541(0.001) 0.258 (0.001) 

THGS/BSA 0.888 (0.001) - 

TS/BMI 0.551(0.001) 0.888 (0.001) 

TS/BSA 0.345 (0.001) 0.424 (0.001) 

Push-ups (n) 0.290 (0.001) 0.336 (0.001) 

Curl-ups (n) 0.145(0.001) 0.133 (0.001) 

Note: BMI: body mass index; BF%: body fat percentage; BSA: body surface area; BF%: 

body fat  

Percentage; THGS (total hand grip strength); TS (trunk strength); VO2max (maximum 

oxygen uptake); r: Pearson’s correlation coefficient. 

 
Multiple regression analysis was conducted to determine the association 

between independent variables THGS/BMI and THGS/BSA with dependent 

variables   O2max, BF%, BMI, BSA, push-up, and curl-up. Based on the results 

of correlation analyses and checking the collinearity, the dominant factors were 

selected for multiple linear regression. As shown in Table 3, THGS/BMI is 

positively associated with   O2max, BSA, and push-up, and negatively associated 

with BF%. Additionally, THGS/BSA is positively associated with push-up and 

negatively associated with BF%. 

 
Table 3- Multivariate regression analysis on the associations between 

measured variables and THGS/BMI and THGS/BSA 

Models 

THGS/BMI 

β 

(95% CI) 

p- value 

THGS/BSA 

β 

(95% CI) 

p-value 

VO2max 

(ml.kg/min) 

0.332 

(0.029- 0.050) 
      

      

(-0.084-0.199) 
      

BF% 
-0.401 

(-0.055 - 0.039) 
      

-0.201 

(-0.0332, - 0.134) 
      

BMI (kg/m
2
)     

      

(-0.064 - 0.340) 
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Table 3- Multivariate regression analysis on the associations between 

measured variables and THGS/BMI and THGS/BSA 

Models 

THGS/BMI 

β 

(95% CI) 

p- value 

THGS/BSA 

β 

(95% CI) 

p-value 

BSA(m
2
) 

0.216 

(0.518 -1.059) 
          

Push up (n) 
0.139 

(-0.005- 0.013) 
      

      

(0.140-0.227) 
      

Curl up (n) 
-0.052 

(-0.002-0.001) 
      

-0.036 

(-0.080- 0.023) 
      

Note: VO2max (Maximum oxygen uptake); BMI: body mass index; BSA: body surface 

area; BF%: body fat percentage. 

  
The results of the linear regression analyses (Figure 1) showed that THGS/BMI 

ratio represented 23.3% of the variance of   O2max (r
2
=0.233, p<0.001), 

THGS/BSA ratio represented 4.3% of the variance of   O2max (r
2
=0.042, 

p<0.001).  
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Figure 1- Correlation between THGS/BSA and Vo2max (A) and THGS/BMI and 

Vo2max (B) 

Note: Vo2max positively correlated with THGS/BSA (A) and THGS/BMI (B). THGS: 

Total Hand Grip Strength; BSA: Body Surface Area; BMI Body Mass Index; Vo2max; 

maximal O2 consumption.  

 

Discussion 
This study aimed to explore the relationship between hand grip strength (HGS) 

and various health-related factors, particularly   O2max, among individuals 

volunteering for employment in the Steel Company. It should be noted that the 

peak range of hand grip strength was typically observed between the ages of 24 

and 39, with a subsequent decline by ages (Kallman et al., 1990). To mitigate 

age-related effects on HGS, our study focused on a narrow age range 
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(24.22±2.34). Additionally, recognizing that BMI and body size have been 

reported to positively correlate with HGS (Alahmari et al., 2017; Dag et al, 

2021) ), researcher adjusted hand grip measurements for BMI and body surface 

area (BSA) to ensure statistical comparability across different body weights and 

sizes. 

The findings of this study indicate that health-related factors such as weight and 

body fat percentage (BF %) are negatively associated with HGS/BMI ratio, 

while height,   O2max, THGS/BSA, TS/BMI, TS/BSA ratios, push-ups, and curl-

ups show a positive correlation with HGS/BMI ratio. Given that high BF% is 

linked to atherosclerosis and cardiovascular disease (Pettersson-Pablo et al., 

2019), the negative association between BF% and HGS/BMI and THGS/BSA 

ratio in this study suggests a potential link between low HGS and cardiovascular 

diseases (Shah et al., 2016).  

The present study reveals that THGS/BMI ratio correlates with TS/BMI, push-

ups, and curl-ups, reflecting shoulder, chest, and abdominal strength and 

endurance, respectively. Trunk strength, adjusted for BMI, emerges as a 

statistically comparable marker across different body weights and sizes. These 

findings align with previous studies, indicating that hand grip strength is 

influenced by upper body strength (Ruprai et al., 2016). Moreover, earlier 

research has indicated a correlation between handgrip strength (HGS), curl-ups, 

and push-ups, suggesting its potential as a predictive test for muscular strength 

and endurance  (Trosclair et al., 2011). In contrast to the study’s findings, it has 

been proposed that there is no correlation between HGS and the strength and 

endurance of upper body muscles in young, healthy men (Thomas et al., 2021). 

These disparities in statistical outcomes may be attributed to variations in the 

number of participants among these studies. 

In this study, THGS/BMI correlates with   O2max in young men, with 

multivariate regression analysis establishing the independent relationship 

between   O2max and THGS/BMI (r=0.48, p≤0.001) and THGS/BSA (r=0.20, 

p≤0.001). These results support the notion that HGS can serve as an indicator of 

physical health in healthy young men. The similar findings have been reported 

in studies involving diabetic patients (Wallymahmed et al., 2007). Additionally, 

prior research has demonstrated a connection between handgrip strength (HGS) 

and   O2max in patients with coronary artery disease (CAD) (Thomaes et al., 

2012). There is also evidence suggesting a strong association between HGS and 

heart structure and function (Artero et al., 2011; Ramírez-Vélez et al., 2016). 

Moreover, it is reported that a significant relationship exists between HGS and 

the 6-minute walk test in elderly participants (Zhang et al., 2017). These 

associations contribute to establishing a robust foundation for understanding the 

link between HGS and   O2max as an indicator of cardiorespiratory fitness. 
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 The exact mechanism underlying the association between HGS and   O2max 

remains unclear. One plausible scenario is related to pyruvate dehydrogenase, 

where pyruvate dehydrogenase activity is linked to muscle aerobic capacity  

(Wong et al., 2008).  Studies have revealed that individuals with low HGS 

exhibit reduced muscular pyruvate dehydrogenase activity (Xu et al., 2020), and 

aerobic training can enhance this activity, improving the muscles' maximal 

capacity to use carbohydrates (LeBlanc et al., 2004).  

The clinical significance of our research lies in the relatively strong relationship 

between THGS/BMI and   O2max, suggesting HGS as a predictor for 

cardiovascular disease risk. Furthermore, it supports the idea that strength 

training can enhance cardiorespiratory fitness. HGS, as a simple indicator, can 

reflect cardiorespiratory fitness levels in communities where direct measurement 

of   O2max is challenging. Occupational health is defined as the development and 

maintenance of the highest levels of physical and social health of employees in 

all occupations. In fact, this is very necessary to prevent the reduction of health 

resulting from different working conditions and to protect employees in their 

specific jobs and against the risks caused by threatening factors in the workplace 

(Serra et al., 2007). Further, to select employees for various jobs, it is very 

important to pay serious attention to the physiological and psychological needs 

of people, and in general, a person's job should be proportional to his physical 

and psychological characteristics. In different countries of the world, many 

programs and serious measures have been carried out regarding increasing the 

productivity levels of people in different jobs (Prince et al., 2021), while in our 

country, less attention has been paid to this issue. One of the duties of 

employees in different departments is to do administrative work in a sitting 

position, which requires many physical and physiological abilities (Prince et al., 

2021). 

However, this study has limitations. It focused solely on young male 

adults within a narrow age range, limiting generalizability to other age 

groups or female populations. Future studies should consider a broader 

age range and include both genders. Additionally, variations in 

participants' daily physical activity levels and the exclusion of unhealthy 

individuals from the study population may affect the generalizability of 

the findings. In conclusion, our study suggests THGS/BMI and 

THGS/BSA ratios as potential indicators of physical health and 

recommends further research to strengthen these findings.  
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