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ABSTRACT
Background: Handgrip strength (HGS) not only reflects the strength of the upper limb muscles; it also reflects the 
overall strength of the skeletal muscles and physical fitness. Further, it is being used as an indicator of nutritional status 
too. Undergraduate students have been described as having low physical fitness due to their sedentary lifestyle in many 
studies. Therefore, this study describes the HGS and its association with gender, hand dominance, Body Mass Index 
(BMI), hand and forearm anthropometries in a group of young undergraduate students of the University who do not 
participate in regular physical training. 
Methods: This is a cross-sectional descriptive study, and was conducted among healthy first-year residential under-
graduate student population (n= 524, 350 females, 174 males, mean age= 21.31 ± 0.93). Main outcome measures were 
HGS, gender, hand dominance, BMI, hand length, hand span, handbreadth, forearm length, forearm girth, and wrist 
circumference. 
Results: HGS of the dominant hand of male students was 35.27 ± 5.91 kg, which is significantly higher (p< 0.05) than 
that of the females (19.52 ± 4.34 kg). However, it has a significant but weakly positive correlation with other variables 
measured except for forearm length. 
Conclusion: This study has provided an insight into the association of low HGS with physical inactivity in an academ-
ically oriented group where the BMI is within the normal range and the association of higher HGS with hand domi-
nance and male gender.
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INTRODUCTION
Hand grip strength (HGS) is described as the force applied 
by the hand to hold on, to pull on, or to suspend objects in 
the hand. It is a reliable measurement which can be easily 
used to evaluate the functional integrity of the hand [1].
HGS values have been influenced by many factors such as 
age, gender [2, 3] BMI, hand and forearm anthropome-
tries, and hand dominance [4].
Strength of the skeletal muscles depends on multiple fac-
tors such as body build and composition, physical activity, 
hormonal influence, etc. HGS reflects total muscle strength 
and physical fitness [5]. Therefore, it can be used as a pow-
erful indicator of the overall strength of the body [5-7]. 
Sedentary people who were not actively participating in 
sports have demonstrated significantly lower HGS com-
pared to physically active people that involved in regular 
sports activities such as cricket, hockey, tennis, basketball, 
handball, etc. [8]. Therefore, HGS can be used to indicate 
the sedentary nature of a population, and it would help to 
predict their potential risk of developing non communica-
ble diseases such as myocardial infarction and stroke [9]. 
Further, it is important to consider the other factors that 
are influencing the HGS in order to have a better under-
standing.  
A significant difference has been reported between males 
and females where males have had higher HGS than the 
females [3, 10-14]. Moreover, statistically higher HGS had 
been found in dominant hand than the non dominant 
hand in previous studies [15-17]. Further, many studies 
have shown a conflicting association of anthropometry 
with HGS [18-23]. Hand breadth had found to be the most 
highly correlating parameter with the HGS [18]. Further-
more, forearm girth, wrist girth, hand length, hand span 
[19-22] and forearm length [23] was known to have a sig-
nificantcorrelation with the HGS.
Andrade Fernandes et al., (2014) [24] showed the im-
portance of getting reference values for HGS for different 
countries because it has been proven that the different eth-
nicities have different HGS. In another study done by Woo 
et al., (2014) [25] stated a significant variation in mean val-
ues for HGS between Asian ethnic groups and between the 
same ethnic groups who are living in various geographic 
locations. So these studies emphasize the need of doing 
similar studies in other countries as well.
Even though many studies had been conducted in different 
countries to understand HGS and the association of differ-
ent variables with the HGS, for the best of our knowledge, 
this kind of study among young adults in Sri Lanka is not 
available. Therefore, the study aims to describe the HGS 
and the factors associated with it among an academically 
oriented group of undergraduate students who are not reg-
ularly involved in physical exercises. 
METHODOLOGY
This was a cross-sectional descriptive study which was per-
formed in the University during 27-03-2017 to 08-05-2017.

Inclusion / Exclusion criteria

A total of 650 students were assessed for eligibility. Of 
them, 50 students were excluded from the study. There 
were 27 students who did not meet the inclusion criteria 
with 19 having any trauma, pathology, or pain in the up-
per limb, neck or back region while eight having regular 
physical training. Also, sixteen students declined to partic-
ipate,while seven students were unable to participate. Out 
of 600 students who met the inclusion criteria, 524 under-
graduates were recruited by randomization. 
Participants
Out of 524 students, 350 were females, and 174 were males. 
The majority (74%) of the students in this population were 
Sinhalese, and they represented all the districts of Sri Lan-
ka. The age of the students was between 20-23 years (21.31 
± 0.93).
The target population included the academically orient-
ed young adult population who were not participating in 
regular physical training. This study was conducted among 
undergraduate students of University, and the sample was 
drawn from the healthy first-year residential student pop-
ulation. Ethical clearance was obtained from the Faculty 
before the data collection (no: AHS/ERC/2017/053).
Randomization and Intervention
Using a creative research survey system [26] a minimum 
sample size of 524 was obtained. Male and female first-
year undergraduate students who fulfilled the inclusion 
criteria were selected using a simple randomized sampling 
method. Random number generator was used for random-
ization. Subjects that were included were explained about 
the nature of the study in the language best understood by 
them. Written informed consent was obtained from the 
subjects who were willing to participate in the study, and it 
was duly signed by each subject. The consent form and all 
the other identifiers of each participant were kept secure 
and confidential without access to anyone other than the 
research team. 
Data related to the registration number, age, sex, ethnicity, 
district, and hand dominance was collected in the initial 
encounter by an investigator and was recorded on a data-
sheet. Each measurement was measured by a separate in-
vestigator who recorded the same measurement in all sub-
jects. Both arms were chosen for all measurements. Males 
and females were measured separately by investigators of 
the same sex. All of the participants were given five minutes 
of independent warm-up, and then they were instructed to 
squeeze the dynamometer as tightly as possible, using the 
musculature of the hand. Participant had performed three 
maximum attempts for each measurement for both dom-
inant and non-dominant hands. Results were recorded as 
kilograms. The average value was recorded and considered 
as an individual value. One minute rest was given between 
each attempt, and hand was altered to reduce the fatigue 
effects [27]. No, any verbal or visual encouragement was 
given during testing. All measurements were taken at the 
same time of the day (4-6 pm) since it has been shown that 
the circadian rhythm has an influence on the HGS with a 
minimum around 6:00 hr and a maximum around 18:00 
hr [28].
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Outcome measures
Measurements including standing height [29], weight [30], 
hand length, breadth, span, forearm girth [20], forearm 
length [31], grip strength [32] were taken using standard 
methods and standard equipment by trained investigators. 
The HGS of both right and left hands was measured by us-
ing the Smedley hand grip dynamometer utilizing the pro-
tocol of the American Society of Hand Therapists (ASHT) 
[32]. As per ASHT recommendation, each subject was 
seated upright against the back of the chair with feet flat on 
the floor, shoulder adducted and neutrally rotated, elbow 
900 flexed, wrist position (00-300 extension of the wrist, 00-
150 ulnar deviation) that enabled the subjects to self-select 
a position of wrist comfort.
Statistical analysis
Data were analyzed using the Minitab 16.0 version (Minit-
ab Inc., USA). Standard descriptive statistics (Mean, SD, 
min, max) were obtained for all the derived and directly 
measured variables. Paired t-test was performed to com-
pare the means between dominant and non-dominant 
hand anthropometries and HGS. Pooled t-test was per-
formed to identify the difference between all the measured 
anthropometries and HGS between males and females. 
Pearson correlation was used to examine the association 
between predictor and response variables.  Multiple linear 
regression analysis was used to generate an equation to 
describe the statistical relationship between one or more 
predictor variables and the response variable. P≤ 0.05 was 
selected as the significant level.
RESULTS
Descriptive statistics for the variables measured are shown 
in Table 1 and 2.

Table 1: Descriptive statistics for all the variables 
measured in female and male participants

Parameter Males (n= 174) Females (n= 350)              P value

Mean ± SD Mean ± SD

Height (m) 1.70 ± 0.06 1.55 ± 0.05 <0.001*

Weight (kg) 60.24 ± 10.63 48.59 ± 8.93 <0.001*

BMI (kg/m2) 20.84 ± 3.37 20.10 ± 3.40 0.02*

D.H. Length (cm) 18.84 ± 1.01 17.03 ± 0.80 <0.001*

D.H. Breadth  (cm) 8.50 ± 0.41 7.43 ± 0.35 <0.001*

D.H. Span (cm) 20.68 ± 1.52 18.14 ± 1.15 <0.001*

ND.H. Length (cm) 18.80 ± 0.93 17.08 ± 0.80 <0.001*

ND.H.Breadth (cm) 8.44 ± 0.44 7.40 ± 0.36 <0.001*

ND.H. Span (cm) 21.11 ± 1.45 18.49 ± 1.22 <0.001*

D.W. Girth (cm) 16.33 ± 0.88 14.40 ± 0.84 <0.001*

D.F. Length (cm) 21.88 ± 1.58 20.22 ± 1.24 <0.001*

D.F. Girth (cm) 25.83 ± 2.04 22.13 ± 1.86 <0.001*

ND.W. Girth (cm) 16.22 ss ± 0.87 14.35 ± 0.88 <0.001*

ND.F. Length (cm) 21.98 ± 1.53 20.16 ± 1.20 <0.001*

ND.F. Girth (cm) 25.37 ± 2.05 21.86 ± 1.88 <0.001*

n= total number, BMI= Body Mass index, D.H= Dominant 

Hand, ND.H= Non-Dominant Hand, D.W= Dominant 
Wrist, D.F= Dominant Forearm, ND.W= Non-Dominant 
Wrist, ND.F= Non-Dominant Forearm   * 
*Statistically significant p value 
Table 2: Descriptive statistics for measured HGS in female 

and male participants

Parameter Males (n= 174) Females (n= 350) P value

Mean ±SD Mean ± SD

DHGS (kg) 35.27± 5.91 19.52± 4.34 <0.001*

NDHGS (kg) 33.25± 5.92 17.92± 4.02 <0.001*

DHGS= Dominant Hand Grip Strength, NDHGS= Non 
Dominant Hand Grip Strength statistically 
*Significant p value
This illustrates that there is a significant difference (p< 
0.05) in mean values of height, weight, BMI, dominant and 
non-dominant anthropometric measurements tested and 
HGS values between males and females. Therefore all the 
tests were performed separately for each gender. All the 
measured parameters were significantly higher in males 
than in females. Mean differences for variables measured 
in females and males in dominant and non-dominant 
hands are shown in Table 3. 

Table 3: Mean differences for variables measured in 
females and males in both hands

Females (n= 350) Males (n= 174)

Paired difference Paired difference

Mean ± SD P value Mean ± SD P value

D.H. Length-ND.H. 
Length -0.05 ± 0.35 0.004* 0.03 ± 0.43 >0.05

D.H.Breadth-
ND.H.Breadth 0.04 ± 0.23 <0.001* 0.05 ± 0.28 0.01*

D.H. Span- ND.H. 
Span -0.35 ± 0.70 <0.001* -0.43 ± 0.97 <0.001*

D.W. Girth- ND.W. 
Girth 0.05 ± 0.34 0.004* 0.10 ± 0.36 <0.001*

D.F. Length- ND.F. 
Length 0.04 ± 0.67 >0.05 -0.10 ± 0.81 >0.05

D.F. Girth- ND.F. 
Girth 0.27 ± 0.55 <0.001* 0.45 ± 0.67 <0.001*

DHGS- NDHGS 1.60 ± 2.52 <0.001* 2.02 ± 3.31 <0.001*

n= total number, D.H= dominant Hand, ND.H= non-dom-
inant hand, D.W= Dominant Wrist, ND.W= Non-domi-
nant wrist, D.F= Dominant Forearm, ND.F= Non-domi-
nant Forearm, DHGS= Dominant Hand Grip Strength, 
NDHGS= Non-Dominant Hand Grip Strength                     
*statistically significant p value.
According to that, there is a significant difference (p< 0.05) 
between dominant and non-dominant anthropometric 
measurements and the HGS mean values except for hand 
and forearm lengths in males and for forearm length in fe-
males. Except for hand length and span, all the other pa-
rameters were significantly higher in dominant hands in 
females. In contrast, all the parameters except hand span 
and forearm length were substantially higher in dominant 
hands in males. The associations of HGS with all other 
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variables tested are represented in Table 4.
Table 4: Correlation between HGS and variables 

measured
Males (n=174) Females (n=350)

DHGS NDHGS DHGS NDHGS

r r r r

Height 0.09

0.303***

0.286***

0.166*

0.290***

0.243***

0.01

0.186***

0.210***

0.07

0.188***

0.188***

Weight

BMI

D.H. length 0.140*

0.309***

0.19**

0.323***

-0.12

0.432***

0.107*

0.264***

  0.199***

 0.183***

      0.03

0.228***

D.H. breadth

D.H. span

D.W. girth

D.F. length

D.F. girth

ND.H. length 0.187*

0.343***

0.19**

0.330***

0.01

0.383***

0.187***

0.299***

0.183***

0.190***

0.02

0.228***

ND.H. breadth

ND.H. span

ND.W. girth

ND.F.  length             

ND.F. girth

DHGS= Dominant Hand Grip Strength, NDHGS= 
Non-dominant Hand Grip Strength, D.H= Dominant 
Hand, ND.H= Non-dominant Hand, D.F= Dominant 
Forearm, ND.F= Non-dominant Forearm, D.W= Domi-
nant Wrist, ND.W= Non-dominant wrist 
*Correlation was significant at 0.05 level   
**Correlation was significant at 0.01 level 
*** Correlation was significant at 0.001 level 
All the measured predictor variables were significantly 
correlated (P< 0.05) with the HGS and with each other in 
both genders except for forearm length and height of the 
participant (P> 0.05). Hand breadth was the most highly 
correlated anthropometric measurement with the HGS in 
females (r= 0.264 and r= 0.299 in dominant and non-dom-
inant hands, respectively) whereas it was forearm girth in 
males (r= 0.432 and r= 0.383 in dominant and non-domi-
nant hands respectively). The most weakly correlated vari-
able in females was forearm length (r= 0.028 and r= 0.023 
in dominant and non-dominant hands, respectively). In 
males, the dominant forearm length had a negative associ-
ation with dominant HGS. The least correlating parameter 
was hand length (r= 0.140) for thedominant hand, and it 
was forearm length (r= 0.011) for the non-dominant hand. 
The most highly correlating variables with HGS are shown 
in Figure 1 for females and males.

Figure1: Relationship between variables and handgrip 
strength in both males and females. MNDGS= Male 
Non-dominant Grip Strength, M.ND.F. girth= Male 
Non-dominant Forearm girth, MDGS= Male Dominant 
Grip Strength, M.D.F. girth= Male Dominant Forearm 
girth, FNDGS= Female Non-dominant Grip Strength, 
F.ND.H. breadth = Female Non-dominant hand breadth A. 
Relationship between NDHGS and ND.F. Girth in males 
B. Relationship between DHGS and D.F. Girth in males 
C. Relationship between NDHGS and ND.H. Breadth in 
females D. Relationship between DHGS and D.H. Breadth 
in females. 
* Statistically significant p-value
Multiple linear regression analysis
The regression equations developed for males and females, 
and both dominant and non-dominant hands are shown 
below in Table 5.
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DISCUSSION
The present study describes the HGS and factors associated 
with it among an academically oriented group of under-
graduate students of the University of Peradeniya who are 
not participating in regular physical training.
A study similar to that of the present one was conducted by 
Maynard & Triyanti (2016) [33]on sedentary undergrad-
uate students in Jakarta, Indonesia. The study was con-
ducted using 47 male and 47 female college students who 
were classified as sedentary according to a physical activity 
questionnaire. Their mean HGS values for dominant hand 
among both males and females were similar to that of our 
study (35.99 ± 6.37 and 21.89 ± 4.89 for males and females 
respectively). They too had used the Smedley dynamome-
ter and the standard ASHT protocol.
Further, Mullerpatan et al., (2013) [34] have described 
HGS among 1005 (413-males, 592-females) healthy, sed-
entary adults in various states of India aged 18-30 years 
and had found approximately similar HGS values for both 
males (33.67 ± 7.2 kg) and females (19.51 ± 3.9 kg). HGS 
was measured using standard Jamar hand-held dynamom-
eter in standing position. Kim et al., (2018) [35] have estab-
lished normative HGS values for the Korean population. 
They also have found higher HGS values for both males 
(42.5 ± 0.5 kg) and females (25.9 ± 0.3 kg) for 20-24 age 
group using hand-held Takei dynamometer in the standing 
position. 
Furthermore, Brazilian men had shown much higher mean 
HGS in both dominant and non-dominant sides (48.8 ± 
8.9, 47.3 ± 8.8 for dominant and non-dominant hands re-
spectively) [24] for 20-24 years age group.Two hundred 
twenty-three healthy subjects were randomly selected for 
this specific age group from the state of Minas Gerais, Bra-
zil. Jamar hand dynamometer and standard ASHT posi-
tions had been used for the measurement of HGS.
A study was done by Steiber et al. (2016) also have found 
higher HGS values for healthy German population (20-24 
age group) for both males (49.1 kg) and females (30.2 kg) 
[36]. They too, had used the Smedley dynamometer. 
A systemic review done by Leal et al. (2010) had shown 
that the mechanical dynamometers, including Harpenden 
and Smedley, were the second most used dynamometer 
following Jamar dynamometer to assess the HGS [37]. In 
clinical practice and research, ASHT protocol has been 

used widely in the evaluation of HGS. Association of HGS 
with gender, hand dominance, BMI, hand, and forearm an-
thropometries too were assessed in this study.
HGS recorded for males and females, and the dominant 
hand and non-dominant hand of the current study pop-
ulation has shown values lower than what was reported 
in many studies. These differences may suggest the in-
volvement of different genetic and environmental factors 
associated with these diverse populations. Factors such as 
different body anthropometries observed for ethnic differ-
ence, geographic location, cultural status, lifestyle habits, 
including nutrition, pattern of physical activities can play 
an important role. 
Academically oriented individuals mostly spend a lifestyle 
characterized by low physical activities. In the present 
study, despite their sedentary lifestyles, BMI has not re-
flected a marked variation in body composition. Therefore 
HGS would be a good indicator of the sedentary nature 
of individuals as it reflects the changes before BMI, which 
is commonly used to assess the body composition. Oth-
er than the low physical activity, inadequate calorie intake 
too can cause lower muscle strength [38]. Therefore both 
underweight and overweight categories also can have low 
HGS due to weakness in the muscle strength, although the 
power of the muscle is in the normal range. 
BMI was in the normal range in the present study. There-
fore, HGS showed only a weak positive correlation with 
BMI (Males; r values 0.286 & 0.243, Females; r values 0.210 
& 0.188 for dominant and non-dominant hands respec-
tively). Therefore it is vital to interpret HGS values with 
the results of body composition to understand an un-
derline cause of low HGS. In the present population, the 
mean BMI was in the normal range (Females- 20.10± 3.40, 
Males-20.84±3.37) and the HGS is low, which indicates the 
association between the sedentary nature of lifestyle and 
HGS. 
Further, our study too indicated that there is a significant 
gender influence for HGS, which is described by other re-
searchers also [3, 12, 14].This decreased grip strength in 
females is identified to be attributed to the high prevalence 
of frailty in their old age [39]. As frailty can cause adverse 
health effects such as the increased risk of falls, disability, 
and even mortality [40], this is a matter of great concern. 
A significant difference of HGS between dominant and 

Table 5: Multiple Linear Regression Analysis for estimation of hand grip strength

Gender Hand Regression equations R2 R 2 (adjusted) p-value

Female Dominant DHGS= -9.37 + (2.734 D.H. Breadth) + (0.472        D.H.  Span)    8.38% 7.85% <0.001*

Non-dominant NDHGS= -6.82 + (3.349 ND.H. Breadth)  8.95% 8.69% <0.001*

Male Dominant DHGS= 2.99 + (1.250 D.F. Girth)  18.63% 18.16% <0.001*

Non-dominant NDHGS= -11.18 + (2.80 ND.H. breadth) + (0.819 ND.F. Girth)  18.04% 17.08% <0.001*

DHGS= Dominant Hand Grip Strength, NDHGS= Non-dominant Hand Grip Strength, D.H= Dominant Hand, ND.H= 
Non-dominant Hand, D.F= Dominant Forearm, ND.F= Non-dominant Forearm
* Statistically significant p-value
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non-dominant hands that is seen in the present study was 
described by other researchers too [15, 16, 17]. However, 
other factors such as hand and forearm anthropometries 
have not shown a stronger relationship although there was 
a significant correlation with them except forearm length 
that has not shown a relationship. Thus these internal fac-
tors have a little influence in improving the grip strength 
while the strength of the muscle that is determined by sex, 
hand dominance, physical activities and nutritional status 
has greater control over it. Thus HGS may be used to reflect 
the state of physical activities and nutritional status of an 
individual.
 CONCLUSION
This study has provided an insight into the association of 
low HGS with reduced physical activity that is inclining 
towards a sedentary lifestyle in an academically oriented 
group where the BMI is within the normal range. Further, 
it has shown that male gender and hand dominance are re-
sponsible for higher HGS, while other internal factors such 
as limb anthropometries have a weak association. There-
fore, an increase in the HGS would provide an indication 
of involvement in the physical activity when the BMI is 
unable to show such changes. As reduced physical activity 
level is associated with the development of non-communi-
cable diseases later in life, it is essential to study this matter 
at the clinical level to identify whether this population is at 
such risk.
Limitations
This study is not a community-based study and is based on 
a healthy student population. Thus, the findings can only 
be generalized to similar academically oriented young peo-
ple but not to all young adults in the general population. 
Future directions
Similar studies should be performed for the general young 
adult population in Sri Lanka as there is limited data avail-
able on HGS. Also,it will be interesting to study HGS for-
various ethnic groups.
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