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INTRODUCTION

Hand grip strength is an inevitable component in the 
evaluation of  rheumatoid arthritis, neuromuscular, 
preoperative, post operative patients and community 
dwelling older adults’ functional capacity.1 The estimation 
of  handgrip strength is of  immense importance in 
determining the efficacy of  different treatment strategies 
of  the hand and also in hand rehabilitation.2 Grip strength 
determines the handedness of  an individual, an important 
field of  population variation study. It is often used as an 
indicator of  overall physical strength hand and forearm 
muscles performances and as a functional index of  
nutritional status and physical performance.3-9 Handgrip 
strength is a physiological variable that is affected by a 

number of  factors including age, gender and body size. 
Strong correlations between grip strength and various 
anthropometric traits like weight, height, hand length etc. 
were reported earlier.10-13 Several studies have examined the 
relationships between anthropometric and physiological 
characteristics of  volleyball players.14 Many daily functions 
and sporting events require high activity levels of  the flexor 
musculature of  the forearms and hands. These are the 
muscles involved in gripping strength. From sports like 
wrestling, tennis, football, basketball, and baseball to daily 
activities such as carrying laundry, turning a doorknob, 
and vacuuming, some degree of  grip strength is necessary 
to be successful. For example, without adequate grip 
and forearm strength, tennis players may run the risk of  
developing lateral epicondylitis, otherwise known as tennis 
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elbow.15 The strength of  hand grip plays a key role in injury 
prevention and overall strength development15-17 with some 
researchers suggesting that grip strength be a screening tool 
for women at risk of  osteoporosis.18 In order to properly 
diagnose various musculoskeletal deformities, especially 
related to upper extremities, and for their rehabilitation, 
the assessment of  normative values for handgrip strength 
and its association with physical and body composition 
parameters is essential.

We hypothesize that there is strong relationship between 
anthropometry, body composition and hand grip strength 
of  an individual. The purpose of  this study was two-folds, 
firstly, to study the relation between handgrip strength and 
some anthropometric and body composition variables of  
Indian working females and, secondly, to predict dominant 
hand grip strength based on these parameters. The findings 
of  the present study would be of  great value in medical 
anthropology research, population genetics studies and in 
physical therapy treatment strategies.

MATERIALS AND METHODS

Subjects
Three hundred seventy five (375) women employees 
from seventeen Defence Research and Development 
Organisation (DRDO) laboratories volunteered as subjects. 
They were all physically fit. Females with any kind of  
physical deformity were excluded. The study was approved 
by institutional ethical committee and prior to the initiation 
of  the study, subjects were informed about the purpose 
and methods of  the study and their consent was taken.

Body measurements of  the subjects were recorded as 
per the standard operating procedure.19 Anthropometric 
variables, i.e. height, weight and body mass index (BMI), 
hand breadth, forearm length, arm length, fat mass as body 
composition variables and dominant hand grip strength 
were measured.

The height was recorded during inspiration using SECA 
767 electronic personal scale (Medical Scales and Measuring 
Systems, Germany) to the nearest 0.1 cm, and weight was 
measured by Tanita TBF-310 Body composition analyzer 
(Tanita Corporation, Tokyo, Japan) to the nearest 0.1 kg. 
Body mass index (BMI) is a measure of  fatness, and is 
calculated by dividing the subject’s weight in kilograms 
by height in meters squared (kg/m2). Hand breadth was 
measured by sliding caliper (Martin, GPM, Switzerland). 
Arm length and forearm length, was measured by the 
first segment of  the anthropometer rod (Martin, GPM, 
Switzerland) and fat mass was measured using bio electric 
impedance analyser (Tanita TBF-310, Tanita Corporation, 

Tokyo, Japan). These measurements were taken on the 
subject’s right side.

The grip strength of  dominant hand was measured using 
a standard adjustable digital handgrip dynamometer (Takei 
Scientific Instruments Co., LTD, Japan) at standing position 
with the shoulder adducted and neutrally rotated and elbow 
in full extension. The dynamometer was held freely without 
support, not touching the subject’s trunk. The subjects 
were asked to put maximum force on the dynamometer 
from dominant hand twice, and 30 seconds break was given 
between the two trials. The maximum value was recorded 
in kilograms.

Statistical methods
Standard descriptive statistics (mean ± standard deviation) 
were determined for directly measured and derived 
variables. Pearson’s correlation coefficients were used to 
establish the correlations of  dominant handgrip strength 
with anthropometric and body composition variables. 
Multiple regression analysis was further used to study the 
best fit model for handgrip prediction. Data were analyzed 
using Statistical Package for Social Science (version 11.5; 
SPSS Inc., Chicago, USA), in which the level of  significance 
was set at 5%.

RESULTS

Three hundred seventy five (375) working females 
participated in the study. Normative data pertaining to 
anthropometric characteristics, body composition and 
handgrip strength of  Indian working females are shown 
in Table 1. The average female’s height and weight were 
154.12 ± 5.94 cm and 59.86 ± 10.94 kg respectively. The 
calculated average BMI from height and weight of  the 
subjects was 25.28 ± 4.34 (kg/m2). The average handgrip 
strength measured from the 375 subjects was 23.86 ± 
2.74 kg.

The correlation values and significance are depicted in 
the Table 2. The findings of  the present study indicated 
a significant positive association (p≤0.01) of  dominant 
hand grip strength with the anthropometric parameters 
of  upper extremities like forearm length (r =0.378), arm 
length (r =0.366) and hand breadth (r =0.466) and body 
composition variables like fat mass (r =0.458) and BMI 
(r =0.302). A significant negative association (p≤0.01) of  
age was found with the dominant hand grip strength in 
the present study.

Multiple regression analysis
The parameter estimates of  the multiple regression analysis 
showed a significant positive association between dominant 
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grip strength and height (p<0.001), weight (p<0.001) 
and hand breadth (p<0.001). Grip strength correlated 
negatively with age in a statistically significant manner 
(p<0.001). The influence of  fat mass, forearm length and 
arm length on grip strength was not found to be significant 
(Table 3). The best fit model for handgrip prediction when 
age, height, weight and hand breadth for this population 
were considered is

Hand grip = -�12.260-0.13*Age+0.16*Height+0.13*Weig
ht+1.02*Hand breadth.

A scatter plot was plotted between the predicted handgrip 
strength and the observed handgrip strength of  this 
population (Figure 1) to study the validity of  prediction 
equation. Mean handgrip strength using prediction equation 
was found to be 23.90 ± 2.48 kg whereas observed mean 
grip strength was 23.86 ± 2.74 kg. Scatterplot (Figure 2) 
showed correlation of  predicted handgrip strength to age, 
height, weight and hand breadth.

DISCUSSION

Although there are several studies examining the grip 
strength of  different population groups the purpose of  
this study, specifically, were to establish a relation between 
handgrip strength and some anthropometric and body 
composition variables of  Indian office working females 
and, secondly, to predict their dominant hand grip strength 
using linear regression analysis.16, 20 As postulated by 
Bohannon et al (2006) it would be helpful to establish 
models on the basis of  normative data to enable the 
prediction of  a person’s hand strength using quick and 
easy to measure parameters.20 The current study correlated 
age, anthropometric traits (height, weight, forearm length, 
arm length and hand breadth) and body composition 
parameters (BMI and fat mass) with dominant handgrip 
strength of  Indian females. A  statistically significant 
correlation was found between age, height and weight 
with handgrip strength. Regression analysis did not show 

significant association of  body composition parameters 
with hand grip strength in this population group. Chatterjee 
and Chowdhuri 1991 agreed that hand grip strength was 
positively correlated with weight, height and body surface 
area.21 In other study by Gunther et al 2008 on healthy 
caucasian adults found that anthropometric variables such 
as forearm circumference and length, hand size, or body 
mass showed a positive correlation with grip strength. Body 
mass index, type of  work, and hand dominance showed 
only a partial positive correlation or no correlation with 
grip strength.22 By using the linear regression to predict 
the grip strength and calculate the correlation coefficient, 
the authors derived the following equations (R=0.913, 
R2=0.833) for prediction grip strength in Indian office 
going females:

Table 1: Descriptive anthropometric, body composition and strength data (n=375)
S. no. Parameter Minimum Maximum Mean±SD
1 Age (yrs) 20.00 60.00 40.60±10.40
2 Height (cm) 135.30 172.60 154.12±5.94
3 Weight (kg) 34.60 105.20 59.86±10.94
4 Hand grip strength (kg) 17.00 32.00 23.86±2.74
5 BMI (Kg/m2) 16.00 41.10 25.28±4.34
6 Fat mass (kg) 3.20 49.60 18.90±7.53
7 Fat free mass (kg) 19.60 57.80 41.07±4.09
8 Forearm length (cm) 17.80 32.60 22.92±1.76
9 Arm length (cm) 35.40 58.80 47.11±2.85
10 Hand length 13.50 19.30 16.25±0.97
11 Hand breadth 7.50 11.00 8.82±0.53

Table 2: Correlations of anthropometric traits 
with handgrip strength of 375 females
S. no. Parameter Correlation 

coefficient
p‑value

1 Age −0.397(**) 0.000
2 Height 0.689(**) 0.000
3 Weight 0.576(**) 0.000
4 BMI (Kg/m2) 0.302(**) 0.000
5 Fat mass (kg) 0.458(**) 0.000
6 Fat free mass (kg) 0.671(**) 0.000
7 Forearm length (cm) 0.378(**) 0.000
8 Arm length (cm) 0.366(**) 0.000
9 Hand length 0.406(**) 0.000
10 Hand breadth 0.466(**) 0.000

**Correlation is significant at the 0.01 level (2‑tailed)

Table 3: Multiple regression coefficients for 
Indian women, dominant hand grip strength
S.no. Parameter B Std. 

error
T p‑value

1 Constant −12.260 1.762 −6.959 0.000
2 Age −0.133 0.066 −21.203 0.000
3 Height 0.160 0.011 14.077 0.000
4 Weight 0.132 0.006 20.544 0.000
5 Hand breadth 1.019 1.126 8.110 0.000

Dependent variable: Hand grip strength
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Hand grip = �-12.260-0.13*Age+0.16*Height+0.13*Weig
ht+1.02*Hand breadth.

It has to be emphasised that this equation has been 
developed for Indian office going females whose 
occupational activity mainly involved computer typing and 
other desk jobs only.

CONCLUSION

It may be concluded that hand grip strength showed 
significant association with age and anthropometric 
measurements (height, weight and hand breadth). Dominant 
handgrip strength can be predicted in Indian office going 
females using these anthropometric parameters.

Limitations
The limitations of  the study are that the data may 
not be transferable to countries or populations with 
different socioeconomic conditions. The prevalence of  
high demands on the hand due to occupational activity 
was low in our study, especially, there were no subjects 
reporting very high demands. Realistically, the prediction 
and regression data are only representative and valid for 
population-based normative values and not for disabled 
patients. Finally, we did not further examine potentially 
predictive cofactors such as sporting or leisure activity 
level. However, there remained little space to explain 
additional variance since the regression models provided 
a good fit. One of  the strengths of  the study is the large 
representative sample providing valid normative data for Figure 1: Scatter plot of predicted vs observed handgrip strength

Figure 2: Scatterplot showing correlation of predicted handgrip strength to age, height, weight and hand breadth
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