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Abstract

Background: Handgrip power is an essential indicator of health, vital for grasping or gripping sports, and crucial for
providing information related to work capacity. The present study investigated any linear relationship of handgrip
power with hand anthropometric variables (hand length, handbreadth, middle finger length, second inter-crease
length of the middle finger, and hand span), gender, and ethnicity in young adults of Sabah.

Methods: In this cross-sectional study (from January 2020 to December 2021), the adult Sabahan population (18-25
years) was stratified into four ethnicities (KadazanDusun, Bajau, Malay, and Chinese) and was further stratified as males
and females. Then, 46 subjects were randomly selected from each gender, and the ethnic group met the intended
sample size. The hand dimensions were measured using a digital calliper, and the handgrip power was measured
using a portable dynamometer. The relationship between the response variable and explanatory variables was ana-
lyzed at first through simple linear regression and then multiple linear regression. R?, adjusted R?, and standard errors
of the estimates were used to compare different models. Statistical analyses were performed using IBM SPSS Statistics
27 and StatCrunch.

Results: The study found a linear relationship between gender, height, hand length, handbreadth, hand span, middle
finger length, and second inter-crease length of both hands with the corresponding hand'’s grip power. The high-

est percentage (68% and 67%) of handgrip variability was demonstrated by the model predicting handgrip power

for right-handed subjects, followed by the general models without stratifying based on hand dominance which was
able to explain 63% and 64% of the variability of handgrip power. The study proposes the models for predicted right
(RHGP) and left handgrip power (LHGP) of 18 to 25 years old adults from major ethnic groups of Sabah RHGP = —
18.972 — 8.704 Gender + 7.043 Right hand breadth and LHGP = — 11.621 — 9.389 Gender + 5.861 Left hand breadth
respectively.

Conclusion: The predicted handgrip power would be a key to selecting a better player or a better worker or assess-
ing the prognosis of a disease or the wellbeing of a person. The study can be further expanded to all ethnicities and
ages of people of Sabah or even Malaysia.
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therapeutic trials [4]. Researchers demonstrated a crucial
relationship between handgrip power, forced expiratory
volume in one second (FEV,), and forced vital capac-
ity (FVC), which are significant predictors of pulmonary
function [5]. Handgrip power is associated with several
chronic diseases, cognitive decline, length of hospital
stays, and mortality [6-9]. A cross-sectional study in the
chronic phase after stroke demonstrated that handgrip
power is strongly associated with arm muscle strength.
Again, grip strength measurement is more accessible and
less time-consuming than arm muscle strength measure-
ments. The study suggested that grip power could repre-
sent muscle weakness of the entire upper extremity in the
chronic phase after stroke [10].

Several sports that require gripping and engag-
ing power, such as weightlifting, golf, hockey, tennis,
mountain climbing, baseball, paddling, swimming, and
wrestling, need ample handgrip power to optimize per-
formance and prevent injury [11]. Several researchers
found that between elite and non-elite young judo ath-
letes [12], elite and non-elite American junior-aged men
weightlifters [13], elite and amateur female Olympic
wrestlers [14], female elite and recreational rock climb-
ers and non-climbers [15], and division I hockey players
and division III players [16], the superior demonstrated
greater handgrip power than their fellows. However,
some research yielded insufficient evidence to prove that
elite players had more handgrip power than their coun-
terparts [17-20].

The ergonomic hand tools are designed and selected
based on handgrip power to ensure the safety of man-
ual tasks [21]. The handgrip strength evaluates avail-
able muscular strength related to work capacity, and this
information can be used for designing equipment, work-
stations, and tasks to fit the strength of specific popula-
tions. The purpose of appropriate work design principles
during the design of tools and workstations that require
grip strength is to minimize the potential injuries due to
mismatches between job demands and the capacity of
workers [3]. Again, a firm grip secures robust and steady
shoulders, allowing one to maintain a stable position
while focusing and absorbing the recoil while shooting.
Researchers have found that a law enforcement officer
with a firmer handgrip power demonstrated superior
shooting performance [22].

From the literature review, it is evident that handgrip
power has many practical applications. Currently, many
instruments can be used to measure the handgrip power
with minimal errors. However, plenty of publications
supports one instrument over another, while measur-
ing the handgrip power or strength is not that simple.
The researchers need to ensure proper posture, handling
of the instruments, and calibrating instruments. On the
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contrary, if the researchers have a more straightforward
measurement task and formula through which hand-
grip power can be predicted near perfect for a popula-
tion, that will ease the process. Formulating the equation
requires considering all the relevant factors influencing
the handgrip power and incorporating those factors in
the formula to predict.

Factors influencing handgrip strength have been a topic
of interest to researchers for the practical application
of grip strength. Researchers found that an individual’s
handgrip power was influenced by height, weight, domi-
nant hand, forearm girth, hand length, and handbreadth
[23-26]. Several researchers described the forearm and
hand measurements as better predictors of maximum
grip strength than height and weight [27, 28]. Age, gen-
der, ethnicity, occupation, social status, lifestyle, and psy-
chosocial variables influence grip power [29-36]. Ethnic
variation in the population has been reported to influ-
ence anthropometry. Dimensions of upper limb bones
vary in different ethnicity, gender, and age groups and
with the opposite side of the body [37]. Hence, each pop-
ulation should have its model to predict handgrip power.

In northern Borneo, Sabah, the East Malaysian state, is
renowned for its rich cultural and environmental diver-
sity. Sabah has over fifty main ethnic groups with their
languages [38]. KadazanDusun, Bajau, and Malay (Bru-
neian) ethnic groups are the majority among the ethnic
groups in the Sabahan population. At the same time, the
Chinese made up the largest non-indigenous group in
Sabah [39]. Very few anthropometric works have been
done among the major ethnic groups of Sabah. A study
on the Malay, Indian and Chinese ethnicity of the Pen-
insular Malaysian population revealed that the dominant
handgrip strength was positively associated with height
and body mass index and negatively associated with age
for both sexes. Dominant handgrip strength was related
to work status for men but not for women. However,
there was no difference in grip strength among ethnic
groups [29].

With the above perspective, the present study was car-
ried out to investigate the presence of any linear rela-
tionship of handgrip power with hand anthropometric
variables (hand length, handbreadth, middle finger
length, second inter-crease length of the middle finger,
and hand span), gender, and ethnicity in young adults of
Sabah.

Methods
This cross-sectional study was carried out from January
2020 to December 2021 in the Anatomy Unit of the Fac-
ulty of Medicine and Health Sciences, Universiti Malay-
sia Sabah.
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Sample selection

Upon selecting the participants for the study for
obtaining more valid information, specific inclusion
criteria were imposed in selecting the participants. The
participants qualified for being included in the research
by fulfilling the following criteria:

a) The age range must be 18-25 years old

b) They are from KadazanDusun, Bajau, Malay (Bru-
neian), and Chinese ethnicity.

¢) They have a normal BML

d) They reside within the university campus.

e) They lead sedentary lifestyles.

The exclusion criteria were as follows:

a) Individuals who had medical conditions (for exam-
ple, stroke, rheumatoid arthritis, parkinsonism, and
any other conditions that may affect the result) affect
hand anthropometry and handgrip power.

b) Known players of sports that require gripping and
engaging handgrip strength.

Study population

The participants were the students and staff of the
University who hail from Kudat, Kota Belud, Tuaran,
Ranau, Tamparuli, and Papar, as the desired ethnic
groups for this study resided there. For example, mostly
Bajau can be found at Kudat, Tuaran, Kota Belud, and
Papar. While mostly KadazanDusun and Malay can
be found at Tuaran, Ranau, Papar, and Tamparuli, and
Chinese can be found in Kudat [39]. The participants’
parents and grandparents were required to be from the
same ethnic group.

Sample size

The minimum sample size recommended by the
researcher is 25 per stratum [40]. The researchers antic-
ipated a 50% response rate from previous experience
in obtaining subjects from the same population and
invited 50 persons per stratum. Later on, 46 persons
per stratum participated in the study, which amounted
to [46 x 4 (KadazanDusun, Bajau, Malay, and Chinese)
x 2 (male and female)=] 368 persons.

Sampling of the subject

This study applied a stratified random sampling
method. There were eight strata in the sampling: eth-
nicity (KadazanDusun, Bajau, Malay, and Chinese) and
gender (male and female). At first, a list of names of the
adult Sabahan population (18-25 years) who belonged
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to the desired ethnicity was obtained from Bahagian
Perkhidmatan Akademik (BPA). Then, the popula-
tion was stratified into four ethnicities and was further
stratified as males and females. Then, 46 subjects were
randomly selected from a list of numbers picked ran-
domly from a container until each gender and ethnic
group met the intended sample size.

Data collection

The study design, objective, and methodology were
explained to the respondent, and informed consent was
obtained from them. The hand dimensions were meas-
ured using INSIZE (0-200 mm x 0.01 mm 1108-200)
digital calliper. The value was recorded in centimetres to
the nearest 0.1 cm. The measurement was repeated two
times, and an average was taken. The handgrip power
was measured using a CAMRY (model no.: EH101) port-
able dynamometer. Researchers stated that the digital
Camry dynamometer could be interchanged with the
hydraulic Jamar hand dynamometer in the 40—59-year-
old sub-group [41].

Measurement

Hand length [42]

The hand’s length was measured as the straight distance
from the midpoint of the distal wrist crease to the most
distal point of the middle finger.

Handbreadth [42]

The hand’s breadth was measured as the hand’s width
from the lateral surface of metacarpal II to the medial
surface of metacarpal V. The hand’s breadth was meas-
ured at the level of the knuckles.

Middle (third) finger length [43]

Measurement of the middle finger was taken from the
proximal finger crease of the middle (third) finger to the
tip of the middle (third) finger.

Second inter crease length of the middle (third) finger [44]
Second inter crease length (middle phalanx) was meas-
ured from the distal interphalangeal joint crease to the
proximal interphalangeal joint crease.

Measurement of the hand span [45]

Handspan was measured from the tip of the thumb to the
tip of the small finger, with the hand spreading as wide as
possible.

Handgrip power
During each handgrip strength measurement, the sub-
jects were ensured to stand on both legs relaxed and put
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equal weight on both feet. Their feet were placed apart
at shoulder width breadth, and shoulders were in vertical
adduction with neutral rotation; elbows were flexed at 90°
and forearms in a neutral position, wrists between 0°-30°
dorsiflexion and 0°-15° ulnar deviation. The dynamom-
eter was adjusted in the third position of the handle [41].
Participants were verbally motivated to continue using
their maximum strength [46]. The dynamometer meas-
ures the highest value reached within three seconds. At
first, the right hand (RHGP) and then left hand (LHGP)
grip strength were evaluated using three repetitions [47].
Each repetition was evaluated with 1-min rests between
measurements. There was a 5-min rest before evaluating
the left-hand grip power. The attempt with the highest
measurement out of the ten repetitions was recorded in
kilogram as maximum strength [48].

Dominant hand

In the study, the dominant hand of the subjects was
determined based on the difference in handgrip strength.
Those who demonstrated significantly higher hand-
grip strength for the right hand were considered right-
handed, and those who demonstrated either more for the
left hand or no significant difference between the hands
were considered left-handed [49].

Statistical analysis

An unpaired ¢ test was used to investigate the differences
in the mean between the gender, and one-way ANOVA
was used to investigate the same between ethnicities. The
relationship between the response variable and explana-
tory variables was analysed at first through simple linear
regression and then multiple linear regression. Multicol-
linearity between the numeric variables was examined by
the Pearson’s correlation test. R?, adjusted R? and stand-
ard errors of the estimates were used to compare differ-
ent models. Statistical analyses were performed using
IBM SPSS Statistics 27 and StatCrunch. The level of sig-
nificance a = 0.05 was chosen to avoid type II error in
attempting to choose a very small a.

Results

Among the 368 participants, more than two-thirds were
right-handed, and this distribution was observed among
all the subgroups except the Malay males, where this
ratio was comparatively less (Table 1).

A right-handed female and a male, on average, RHGP
of 25.41 kg and 41.32 kg, while a left-handed female and
a male had 23.98 and 37.72 kg of LHGP, respectively
(Table 2).

Among the males, Bajau males had the highest mean
RHGP (41.83 £ 7.28) and LHGP (39.17 + 7.39), whereas
among the females, KadazanDusun females had the
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Table 1 Frequency distribution of hand dominance among the
respondents (n = 368)

Ethnicity Gender Left-handed Right-handed Total
n (%) n (%) n (%)
KadazanDusun Male 8 (17.39%) 38(82.61%) 46 (100%)
Female 8(17.39%) 38 (82.61%) 46 (100%)
Bajau Male 11(23.91%) 35 (76.09%) 46 (100%)
Female 10 (21.74%) 36 (78.26%) 46 (100%)
Malay Male 17 (36.96%) 29 (63.04%) 46 (100%)
Female 14 (30.43%) 32 (69.57%) 46 (100%)
Chinese Male 9(19.57%) 37 (80.43%) 46 (100%)
Female 9(19.57%) 37 (80.43%) 46 (100%)
Total 86 (23.37%) 282 (76.63%) 368 (100%)

highest mean RHGP (25.82 £ 5.97) and Chinese females
had the highest mean LHGP (22.93 + 4.78). Malay males’
mean RHGP (38.58 + 8.06) was the lowest among males,
while Chinese males’ mean LHGP (35.01 & 6.78) was the
lowest. The lowest means of RHGP and LHGP belonged
to Malay females (23.85 £ 4.50) and Bajau females (21.75
=+ 4.98), respectively (Table 3).

In Table 3, the mean value of handgrip power for male
participants was more than for females for both hands.
An independent sample ¢ test was performed to investi-
gate this observation. The hypothesis was determined to
start the investigation,

H,: There is no difference between male and female
handgrip power among the participants.

H,: Male participants have higher handgrip power
than female participants.

As the participants were recruited using stratified ran-
dom sampling, the observations were independent; the
number of male and female participants was more than 30
persons and was no more than 5% of the population, so the
sample fulfilled the assumptions for the intended ¢ test [50].

The p value for the ¢ statistics for the difference of
means for handgrip power of both sides is < 0.001
(Table 4), which is less than the level of significance, a =
0.05. So, the null hypothesis is rejected. Thus, the sample
suggests sufficient evidence to conclude that male partic-
ipants had higher handgrip power than females.

While observing the mean values of handgrip power
among the ethnicities, some apparent differences were
observed. The one-way AONVA test was conducted to
test the following hypothesis:

H,: There is no difference in handgrip power among
the participants from Bajau, KadazanDusun, Malay
and Chinese ethnicities.
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Table 2 Distribution of handgrip power according to dominant hand among the participants (n = 368)
Dominant hand Gender Handgrip power Mean =+ SD (kg) 95% ClI
Lower bound Upper bound
Right Male (n = 139) RHGP 4132+734 40.09 42.56
LHGP 36.54 £ 7.04 3535 37.72
Female (n = 143) RHGP 2541 £524 24.54 26.27
LHGP 2191 £ 474 2113 22.70
Left Male (n = 45) RHGP 3489 £7.35 32.68 37.10
LHGP 3772 +£7.14 3557 39.86
Female (n =41) RHGP 2242 £476 2092 2392
LHGP 23.98 £+ 5.09 22.38 2559

LHGP left handgrip power, RHGP right-hand grip power

Table 3 Distribution of central tendency and confidence interval of handgrip power according

respondents (n = 368)

to the gender and ethnicity of the

Ethnicity Gender Handgrip power Mean =+ SD (kg) 95% Cl
Lower bound Upper bound
KadazanDusun Male (n = 46) RHGP 39.77 £ 767 3749 42.05
LHGP 36.74 + 6.67 3476 3873
Female (n = 46) RHGP 2582 £ 597 24.05 27.59
LHGP 2283 +5.16 21.29 24.36
Bajau Male (n = 46) RHGP 4183 +7.28 39.67 43.99
LHGP 3917+ 739 36.97 41.36
Female (n = 46) RHGP 2403 +£5.85 22.29 25.76
LHGP 21.75 £ 498 20.28 2323
Malay Male (n = 46) RHGP 38.58 +8.06 36.19 40.97
LHGP 3638 £ 697 34.31 3845
Female (n = 46) RHGP 2385+ 450 22.51 2518
LHGP 21.99 + 466 20.60 2337
Chinese Male (n = 46) RHGP 3870+ 7.82 36.38 41.03
LHGP 3501 +6.78 3299 37.02
Female (n = 46) RHGP 2528 £4.48 23.95 2661
LHGP 2293+ 478 2151 24.36
LHGP left handgrip power, RHGP right-hand grip power
Table 4 Difference in handgrip power among the participants concerning gender (n = 368)
Gender Mean (+SD) t DF P value Mean difference Std. error 95% Cl of the
difference difference
Lower Upper
RHGP Male (n = 184) 39.72+7.76 21,661 366 <.001 14.98 691 13.62 16.34
Female (n = 184) 2474 +527
LHGP Male (n = 184) 36.82 £ 7.06 22822 366 <.001 14.44 633 13.20 15.69
Female (n = 184) 2238 +4.88

LHGP left handgrip power, RHGP right-hand grip power
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H,: Participants from at least one ethnicity have dif-
ferent handgrip powers than others.

Other than the samples being randomly selected and
independent, the one-way ANOVA test requires that the
populations from where the samples were obtained are
normally distributed, and the populations must have the
same variance [50]. The normal probability plots for each
ethnicity were drawn in StatCrunch, along with the cor-
relation between the score and expected z-score, demon-
strated in Fig. 1.

The correlation values are higher than 0.960, the criti-
cal value for a sample size of more than 30 [51]. There-
fore, it is reasonable to conclude that each data set comes
from a normally distributed population. Again, for the
assumption of having an equal variance, the standard
deviations were compared where the largest standard
deviation, 8.06 smaller than twice the smallest, 4.48 (4.48
x 2 = 8.96 > 8.06), the requirement of equal population
variances is satisfied.

The results from Table 5 show that p values for
right and left-hand grip powers are 0.629 and 0.729,
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respectively. As these p values are more than the level
of significance a = 0.05, the null hypothesis is retained.
There is insufficient evidence to conclude that there is
a difference in handgrip power among the participants
from Bajau, KadazanDusun, Malay, and Chinese ethnici-
ties. The box plot in Fig. 2 supports the ANOVA result.

In Fig. 2, for Chinese ethnic group participants’ data,
two outliers might confuse for violating the assump-
tion of normality of data. Q-Q plots were drawn with
the corresponding residuals using StatCrunch to verify
the normality of the data. The plots were approximately
linear, and correlation statistics for right-hand (0.979)
and left-hand (0.987) were more than 0.960, the critical
value for sample size more than 30 [51]. It is reasonable
to conclude that the residuals are normally distributed.
So, despite having outliers, the data were normally
distributed.

A correlation test was performed to investigate any
association between the handgrip power and the explan-
atory variables considered in this study. Among the
explanatory variables explanatory, gender and domi-
nant hands are categorical variables. Spearman rank
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Fig. 1 Q-Q plot showing the correlation between observations in different ethnicities with z-score
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Table 5 Difference in handgrip power among the participants concerning ethnicities (n = 368)

Sum of squares DF. Mean square F P value
RHGP Between ethnicities 174.361 3 58.120 579 629
LHGP Between ethnicities 123534 3 41.178 460 710

LHGP left handgrip power, RHGP right-hand grip power
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Fig. 2 Boxplot showing the comparison of handgrip powers between participants from different ethnicities

Table 6 Relationship between handgrip power, height, and
hand anthropometry of the respondents (n = 368)

RHGP LHGP

r p value r p value
Height 0.565 <.001 0.564 <.001
RHL 0.631 <.001
RHB 0.744 <.001
RHS 0489 <.001
RMFL 0.557 <.001
R2ICL 0337 <.001
LHL 0.636 <.001
LHB 0.731 <.001
LHS 0.503 <.001
LMFL 0.563 <.001
L2ICL 0.363 <.001

LHL left-hand length, LHB left handbreadth, LHGP left handgrip power, LMFL

left middle finger length, L2ICL left second inter-crease length, LHS left-hand
span, RHL right-hand length, RHB right handbreadth, RHS right-hand span, RHGP
right-hand grip power, RMFL right middle finger length, R2ICL right second
inter-crease length

correlation test was performed to test the association as
it does not require the assumption that the data is con-
tinuous and normally distributed as Pearson correlation
requires [52]. From the correlation matrix in Table 6, it
can be commented that other than ethnicity and left-
handedness, all other explanatory variables had a statis-
tically significant correlation with the handgrip power.
Even though there was a significant correlation, the

correlation coefficients for the right-handedness, right,
and left second inter-crease lengths were weak [52].

The relationship between hand length, breadth, span,
middle finger length, second inter-crease length, and
handgrip power was examined first through a simple
linear regression model and finally with a multiple lin-
ear regression model. As the participants were randomly
selected, the first assumption of linear regression was
achieved. The linear regression model assumes a relation-
ship between the explanatory variable (hand dimensions
individual) and the response variable (handgrip power).
The distribution of the residuals against each parameter
was constructed to observe the normal probability plot
for linear relation, and correlation statistics were also
calculated (Fig. 3). All the residuals demonstrated an
approximately linear relationship with z-score, and corre-
lation statistics for the residuals against all hand dimen-
sions were higher than 0.960, the critical value for sample
size more than 30 [51]. So, it is reasonable to conclude
that the hand power was normally distributed for each
hand dimension.

The residuals were plotted against the hand dimen-
sions to verify the last requirement of constant error vari-
ance. In the residual plot in Fig. 3, the residuals are evenly
spread around a horizontal line drawn at zero. As the
model has constant error variance, statistical inference
using the regression model is reliable. So, the require-
ment of constant variance is satisfied [50].

As the data were appropriate for linear regression, the
following hypotheses were created to test the relationship
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Table 7 Intercepts, coefficients, and relationships of hand dimensions with handgrip power (n = 368)
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Response variable Explanatory variable Intercept (B,) Slope (B;) Correlation Coefficient (r) P value
RHGP Height — 77410 0.679 0.569 <0.0001
RHL — 73.747 0.599 0.631 < 0.0001
RHB — 67.762 1.268 0.744 < 0.0001
RHS — 18.641 0311 0.487 < 0.0001
RMFL — 53.704 1.129 0.557 < 0.0001
R2ICL —6.939 1.507 0335 <0.0001
LHGP Height — 73429 0.638 0.567 < 0.0001
LHL — 71347 0.571 0.636 <0.0001
LHB — 64.553 1.202 0.731 < 0.0001
LHS —21.122 0.310 0.503 < 0.0001
LMFL —50.576 1.053 0.563 <0.0001
L2ICL — 11611 1.579 0.370 < 0.0001

LHL left-hand length, LHB left handbreadth, LHGP left handgrip power, LMFL Left Middle finger length, L2ICL left second inter-crease length, LHS left-hand span, RHL
right-hand length, RHB right handbreadth, RHS right-hand span, RHGP right-hand grip power, RMFL right middle finger length, R2/CL right second inter-crease length

between hand length, breadth, span, middle finger
length, and second inter-crease length of middle finger
with handgrip power.
H,: There is no linear relation (§; = 0), H;: There is a
linear relationship (B; = 0)

The intercept (B,), slope (B,), the p-value for the slope,
correlation coefficient, coefficient of determination (R?),
adjusted coefficient of determination (Adj.R?), standard
error of estimate (SEE), and ANOVA test for the model
with p value was determined using StatCrunch. As the
p values (< 0.001) for the slope were less than the level
of significance a = 0.05 (Table 7), the null hypothesis
is rejected. There is sufficient evidence at the a = 0.05
level of significance to conclude that a linear relation
exists between hand length, breadth, span, middle finger

length, second inter-crease middle finger length, and

hand power.

Simple linear models for each hand dimension were

constructed using the intercept and slope (Table 7). The
right-hand breadth (RHB) had the highest coefficient of
correlation (r = 0.744) and coefficient of determination
(R?* = 0.554), which indicates that 55.4% of the variation
of right-hand grip power (RHGP) is explainable by the
variation of RHB with the lowest SEE (6.69) indicating
that RHB is the most reliable for estimating RHGP.

The left-hand breadth (LHB), on the other side, had a
coeflicient of correlation (r = 0.731) and the highest coef-
ficient of determination (R?> = 0.535), which indicates
53.5% of the variation of left-hand grip power (LHGP)
is explainable by the variation of LHB with SEE of 6.45

Table 8 The goodness-of-fit measure of simple linear models predicts hand grip power from hand dimensions

Explanatory variables Model R? Adj. R? SEE. F Pvalue
Height — 77410 4 0.679 Height 0.324 0.322 8.24 175.21 < 0.0001
RHL — 73.052 4 0.747 RHL 0.399 0.396 7.68 24278 < 0.0001
RHB — 67.762 + 1.268 RHB 0.554 0.552 6.69 45433 < 0.0001
RHS — 1864140311 RHS 0.239 0.237 8.74 114.77 < 0.0001
RMFL — 53.704 + 1.129 RMFL 0310 0.309 8.32 164.66 < 0.0001
R2ICL — 6.939 4 1.507 R2ICL 0.112 0111 9.44 46.16 < 0.0001
Height — 73429 4 0.638 Height 0.321 0318 7.78 17315 < 0.0001
LHL — 71.347 4+ 0.571 LHL 0.404 0.403 7.30 248.38 < 0.0001
LHB —64.553 4+ 0.731 LHB 0.535 0534 6.45 42091 < 0.0001
LHS —21.122 40310 LHS 0.253 0.251 8.17 124.08 < 0.0001
LMFL —50.576 + 1.053 LMFL 0317 0315 7.81 170.10 < 0.0001
L2ICL — 11611 4+ 1.579L2ICL 0.137 0.129 878 5817 < 0.0001

Adj. R? adjusted R-squared, LHL left-hand length, LHB left handbreadth, LMFL left middle finger length, L2/CL left second inter-crease length, LHS left-hand span,
RHL right-hand length, RHB right handbreadth, RHS right-hand span, RMFL right middle finger length, R2ICL right second inter-crease length, SEE standard error of

estimate
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which the lowest among left-hand parameters and an
indicator for being the most reliable for estimating LHGP.

Table 8 demonstrates that hand length, handbreadth,
hand span, middle finger length, and second inter-crease
length demonstrated a linear relationship with the hand-
grip power of the respective side.

As there was no significant correlation between hand-
grip power and the ethnicities but in-between gender
was, gender was included in the linear model as an indi-
cator variable where a male was coded as 0 and a female
as 1.

Multiple linear regression is required to test the rela-
tionship between height, hand dimensions, and gender
with handgrip power. The residuals of the test are required
to be normally distributed and the absence of an outlier
to draw inference on the findings of multiple regression.
The test also requires avoiding multicollinearity [51]. The
correlation matrix between the explanatory variables was
performed, and the results are tabulated in Table 9.

The hand lengths had a high correlation with mid-
dle finger lengths and handbreadths. As handbreadth
demonstrated the highest relationship with handgrip
power, hand lengths, and middle finger lengths were
removed from the regression test to avoid the effect of
multicollinearity,

The hypothesis to be tested by multiple regression is

Table 9 Correlation matrix
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H,: There is no relation between handbreadth, hand
span, second inter-crease length, gender, and hand-
grip power (B, = B, = 3 = P, =0)

H;: There is a linear relation between hand dimen-
sions, gender, and handgrip power (at least one {3; = 0)

As the p values of the slopes are much below the sig-
nificant level (Table 10), the null hypothesis is rejected.
Before drawing an inference of the finding, the assump-
tions of the normality of the residuals, equal distribution
of the variances, and absence of outliers were ensured
(Fig. 4).

Hence, sufficient evidence concludes that RHB and
gender have a linear relation with RHGP while LHB and
gender have a linear relation with LHGB (Fig. 5).

The values for the F-statistics are below the signifi-
cance level (p < 0.05), and from Fig. 4 normal distribu-
tion of the residuals indicate the appropriateness of
the models (Table 11). If we put the value of the gen-
der codes (male = 0, female = 1), we get the following
formulas:

Male : RHGP = —18.972 + 7.043 RHB, LHGP = —-11.621 + 5.861 LHB

Female : RHGP = —27.676 + 7.043 RHB, LHGP = —21.01 + 5.861 LHB
Right — handed male : RHGP = —17.566 + 0.089RHB, LHGP = —15.773 + 0.084LHB
Right — handed female : RHGP = —18.02 + 0.089 RHB, LHGP = —15.301 + 0.084LHB
Left — handed male : RHGP = —5.177 4+ 0.217RMFL, LHGP = —0.496 + 0.244LHB

Left — handed female : RHGP = —5.768 + 0.217RMFL, LHGP = —1.06 + 0.244LHB

Gender RHL RHB RHS RMFL R2ICL Gender LHL LHB LHS LMFL L2ICL
RHL — 0683 LHL —0.695
RHB —0.759 0.769 LHB —0.752 0.780
RHS —0.567 0610 0.627 LHS —0.545 0619 0.616
RMFL —0.558 0.901 0678 0.556 LMFL — 0592 0.907 0.693 0.580
R2ICL —0.324 0677 0432 0.371 0.768 L2ICL - 0371 0.710 0478 0.377 0.579
Height —-0.729 0.776 0.606 0.523 0.693 0519 Height —0.729 0.782 0616 0.490 0.704 0.540

LHL left-hand length, LHB left handbreadth, LHGP left handgrip power, LMFL left middle finger length, L2ICL left second inter-crease length, LHS left-hand span, RHL
right-hand length, RHB right handbreadth, RHS right-hand span, RHGP right-hand grip power, RMFL right middle finger length, R2/CL right second inter-crease length

Table 10 Intercepts and estimates of the multiple linear regression model

Response variable Parameter Estimate Std. err. DF T Stat P value

RHGP Intercept — 18972 6.921 365 — 2741 0.0064
Gender — 8574 0.975 365 — 8952 < 0.0001
RHB 6.398 0.938 365 8499 < 0.0001

LHGP Intercept — 11.621 6.467 365 —1.797 0.0732
Gender —9.389 0.896 365 — 10481 < 0.0001
LHB 5.861 0.781 365 7.507 < 0.0001

LHGP left handgrip power, RHGP right-hand grip power
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Table 11 The goodness-of-fit measure of multiple linear regression models predicts hand grip power generally and based on the

dominant hand

Model R? Adj. R? F Pvalue
RHGP = — 18.972 — 8.704 Gender + 7.043 RHB 0.6342 0.6322 212.282 < 0.0001
LHGP = — 11,621 — 9.389 Gender + 5.861 LHB 0.6425 0.6405 327.980 < 0.0001
Right-handed RHGP = — 17.240 — 9.265 Gender + 6.979RHB 0.6832 0.6809 300.803 < 0.0001
LHGP = — 15.773 — 8.907 Gender + 6.303LHB 0.6671 0.6648 279.605 < 0.0001
Left-handed RHGP = 4.754 — 10.386 Gender + 3.829RMFL 0.5360 0.5248 47.940 < 0.0001
LHGP = — 0496 — 10.425 Gender + 4.558.HB 0.5796 0.5695 57.221 < 0.0001

Adj. R? adjusted R-squared, LHB left handbreadth, LHGP left handgrip power, RHB right handbreadth, RHGP right-hand grip power

Discussion
The current study adopted multiple linear regression to
form a practical and achievable model and attempted to
adjust the confounding factors. Researchers advised ran-
domization, restriction, and matching at the study design
level together with stratification and multivariate analysis
at the statistical level to eliminate or adjust confounding
[53]. The present study incorporated all possible ways
to control the confounding. At first, the subjects were
selected through stratified random sampling from four
different ethnic groups and an equal number of males
and females from each ethnic group. Then the subjects
were restricted to a fixed age group who were students
residing within the same campus, leading a sedentary
lifestyle, and having a normal BMI. As it was impractical
to match every stratum, multivariate analysis (multiple
linear regression) models were adopted for adjusting the
confounding at the statistical analysis level.

Some researchers demonstrated a relationship between
the handgrip power and age groups in the Malaysian

population [26, 29]. In a study, the subjects were grouped
at 18-24 years, 25-34 years, 35—44 years, 45-54 years,
and 55-65 years to find the relationship. The study dem-
onstrated that the grip strength had a linear association
with age, peaked in the 18 to 34 age group, and gradu-
ally decreased. The study could not establish a linear rela-
tionship in the dominant left-hand group owing to the
smaller sample size but demonstrated maximum hand-
grip power in age-groups 18—24 years and 35-44 years
[26]. Another study further demonstrated that handgrip
power was progressively lower with increasing age after
the fifth decade in both men and women. Nevertheless,
there was no difference in handgrip strength among the
groups 20-29 years, 30-39 years, and 40—49 years [33].
Another study even found the change after 70 years [34].
Hence, the present study included subjects 18 to 25 years
of age, considering a group of subjects with similar hand-
grip strength.

Likewise, age, BMI also has been adjusted in this
study. Among the studies conducted on the Malaysian
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population, one group of researchers could not find sig-
nificant correlations between grip strength and BMI but
found a significant correlation with weight and height
individually using the Pearson test [26]. The other study,
on the contrary, yielded a regression coefficient that dem-
onstrated that height and BMI were positively related
to grip strength for both sexes [29]. Another study on
the Greek population did not observe any association
between BMI and dominant handgrip power in the total
study sample and male participants. However, the study
found a moderate negative correlation between the dom-
inant hand grip power and BMI in females [54].

The occupation of a person is a vital influencing fac-
tor for handgrip power. A study on the Korean popu-
lation demonstrated that the mean strengths of both
hands in subjects with more physically demanding
occupations were greater than those of subjects with
occupations with medium and low physical demands
[55]. Hence, subjects of the current study were chosen
from the students who were not involved in the games
or activities that require physical strength, more pre-
cisely, gripping and engaging handgrip strength. Occu-
pation is also an essential element of household income
and social status. A study on African American and
White adults revealed that for men aged < 49 years,
men in low-income households had lower grip strength
than men in high-income households [36]. Subjects of
this research are the students residing within the uni-
versity campus where they lead similar income envi-
ronments as those who lack are being supported by the
university either in the form of scholarships or various
support schemes.

The present study inspected the difference in handgrip
power between the male and female respondents, where
males demonstrated significantly higher handgrip pow-
ers than females (Table 3), which corresponds to vari-
ous research findings [26, 29-31]. The present study also
investigated different ethnicities’ differences in hand-
grip power (Table 4). While investigating the difference
among the major ethnicities of Sabah, the present study
demonstrated no significant difference in handgrip power
among the KadazanDusun, Bajau, Malay, and Chinese
populations, which corresponds to other studies on the
Malaysian population [26, 29]. However, the handgrip
power of the respondents of this study was comparatively
higher than a previous study done on the Malay, Chinese,
and Indian populations in West Malaysia [26]. Although
the current study also had Malay and Chinese popula-
tions within the sample frame, their origin is not like
West Malaysia. In East Malaysia, the Malays are mostly
of Bruneian and Kadayan origin [38] while Malay sub-
ethnic groups in peninsular Malaysia are Melayu Kelan-
tan, Melayu Minang, Melayu Jawa, and Melayu Bugis [56].
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Among the Chinese population, the Hakkas are promi-
nent in Sabah, along with Cantonese, Hokkien, Teochew,
Hainanese, and Shantung [38], whereas, in West Malaysia,
Hokkien, Cantonese, Foochows, and other groups are the
majority [57]. This difference in their origin might have
played a role in the difference in handgrip strength. So,
there was no difference while comparing the ethnicities
within the same geographical area, but the difference was
significant while comparing the same ethnicities [26, 29]
from different geographical areas. On the contrary, some
researchers demonstrated ethnic variation influencing
handgrip power within the same geographical area. In a
study, African Americans exhibited stronger grip strength
than Whites [35]. Another study demonstrated Non-His-
panic blacks and Hispanics had higher handgrip power
when compared to Non-Hispanic whites [36].

In a study on the Malaysian population, the handgrip
power was distributed based on the dominant hand [29].
The current study’s findings correspond to all right-
handed males and right and left-handed females of that
study. However, left-handed males in that study demon-
strated higher handgrip strength than the same subjects
in the present study. Since all the subjects’ handgrip
power was demonstrated as average and was not strati-
fied into different ethnicities, this type of generalization
might have contributed to the similarity. On the contrary,
the lower number of left-handed subjects in the current
study than the same group of subjects in that study might
be the reason for the disparity.

The study examined the relationship between hand-
grip power, gender, ethnicity, handedness, height, and
hand dimensions (length. breadth, span, middle finger
length, and second inter-crease length of middle finger)
to assess the possibility of using regression equations to
predict handgrip strength from the explanatory variables.
Among the qualitative explanatory variables, gender (r
= — 0.778) demonstrated the highest relationship with
handgrip power. A similar finding was demonstrated in
a study on the French population [58]. Another study on
20-25 year-old young German males and females dem-
onstrated similar findings where gender significantly
influenced handgrip power [59]. The apparent difference
in handgrip power between males and females could have
influenced the handgrip power.

The highest association was observed among quanti-
tative explanatory variables between handbreadth and
handgrip power (on the right side, r = 0.798 and the left
side, r = 731). A study on Indian inter-university softball
players aged 17 to 25 demonstrated a significant corre-
lation between right handbreadth and length with grip
strength [60]. Another study on Bangladeshi cricket team
batters showed a significant correlation between the
handbreadth and handgrip power for both hands [61].
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On the contrary, the study on the 20 to 25-year-old Ger-
man population did not significantly affect hand length
and handbreadth on handgrip power [59].

The forward selection method was adopted for mul-
tiple regression in the current study, where a variable
was selected to enter the model if p < 0.05. The study
proposed general population models when they were
not stratified based on hand dominance and stratifi-
cation. Under these criteria, gender and handbreadth
entered the model for all subjects when not stratified
according to hand dominance, right-handed subjects,
and left-handed subjects (predicting LHGP). Only
right middle finger length entered instead of the hand-
breadth in the model predicting RHGP for left-handed
subjects, although statistically significant, described
the handgrip power’s lowest (53%) variability. The high-
est percentage (68% and 67%) of handgrip variability
was demonstrated by the model predicting handgrip
power for right-handed subjects, followed by the gen-
eral models, which explained 63% and 64% of the vari-
ability of handgrip power. The study performed in West
Malaysia on the Malay, Chinese and Indian populations
estimated models to predict handgrip for both gen-
ders based on height, weight, and BMI [29]. However,
the study did not reveal the percentage of variability
explained by the models. However, another group of
researchers predicted handgrip strength from height
and weight for both genders, where the r-squared value
ranged from 0.11 to 0.29 [26]. In another study on
Malaysian populations where age, height, job groups,
and diabetes significantly predicted handgrip strength
in the multivariate model for males, while age, weight,
height, and diabetes were the significant predictors for
females [62]. The model for males explained 35% of the
variability of handgrip power, whereas the model for
females explained around 18%. A study on the French
population predicted handgrip from hand circumfer-
ences, where the study could explain 68% of the vari-
ability of maximal handgrip strength [58].

From the literature review, it is evident that hand
circumference is a good predictor of handgrip power.
Although the present study did not include hand cir-
cumference in the model, it could explain more than 60%
variability in general and even more in dominant right-
hand persons of the Sabahan population. The remaining
unexplained variability might be due to some missing
explanatory variables like hand circumference, different
age groups, and others. Again, the study was meant to be
conducted at the community level, but due to COVID-
19, data collection at the community level was not pos-
sible. Instead, the study included the students of the
University who fulfilled the inclusion criteria and were
fully vaccinated, which may not be representative of the
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major ethnic groups of Sabah. Nonetheless, the subjects
were from different parts and major ethnic groups of
Sabah, and they had similar lifestyles, food habits, and
cultures. Again, while selecting samples, the medical
conditions that might influence hand anthropometry
and handgrip power were screened using a question-
naire, and no investigation confirmed it.

Hence, right and left handgrip power of 18 to 25
years old males from major ethnic groups of Sabah can
be predicted using the models RHGP = — 18.972 +
7.043 RHB, and LHGP = — 11.621 + 5.861 LHB and
for females, RHGP = -27.676 + 7.043 RHB and LHGP
= — 21.01 + 5.861 LHB respectively.

Conclusions

The predicted handgrip power would be a key to select-
ing a better player or a better worker or assessing the
prognosis of a disease or the wellbeing of a person. The
study can be further expanded to all ethnicities and ages
of people of Sabah or even Malaysia.
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