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ABSTRACT

Introduction: Normative data on handgrip strength (HGS) and body mass index (BMI) are scarce among
adolescents in the Nigerian context. The aims of this study were to evaluate patterns of HGS in relation to
gender and age in Nigerian adolescents and its correlation with BMI.

Methods: This cross-sectional study involved 1966 participants (1275 males) and (691 females) aged
12-20 years in Northern Nigeria. Body mass and height were measured. HGS was assessed using a
dynamometer.

Results: The right HGS (RHGS) was significantly higher than the left HGS (LHGS) (t = 21.337, p < 0.05).
There were significant age differences in the RHGS and the LHGS (p < 0.05); however, no significant dif-
ference occurs at 12-14 years. Males participants aged 16-20 years had significantly higher RHGS values
than females of the same age (p < 0.0038). Conversely, males aged 15-20 years had significantly higher
LHGS values than females of the same age (p < 0.0038). There was a significant interaction between gen-
der and age for the RHGS (F = 72.2, p < 0.05) and the LHGS (F = 92.1, p < 0.05). There was a significant
correlation between the BMI and RHGS (r = 0.480, p < 0.01) and the LHGS (r = 0.465, p < 0.01).

Conclusion: There are gender and age difference in the HGS of Nigerian adolescents, with the domi-
nance of the RHGS in both genders. HGS correlated with BMI. This normative data on HGS may serve as
baseline data for future comparative studies assessing HGS among the adolescent population in Nigeria.
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INTRODUCTION reaction-time, aiming, hand-preference, hand
The hand is the most dynamic and interactive  stability, finger-tapping speed, arm stability, and
part of the upper limb in humans (1). The hands  wrist-flexion (2). The importance of the hands in
have the ability to perform several tasks such as  sporting and/or physical activities, most especially
that involves catching, lifting, and throwing, is
*Corresponding author: Yahaya Abdullahi, Faculty of Education, ¥nc0ntes.tab1e. I_)edmed handgr}P_Stre_ngth (HGS)
Department of Human Kinetics and Health Education, Ahmadu is associated with reduced stability, line tracking,
Bello University, Zaria, Nigeria. E-mail: abdulne@gmail.com firmness, and aiming and tapping abilities (1).
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cognitive, and psychosocial traits, as well as with
intense sexual and reproductive maturation (3).
Biologically, the social context of family, media,
schools, and neighborhoods plays a role in shap-
ing the growth and development of the ado-
lescents (4,5). Adolescence commences with a
well-defined, puberty, maturational event, and ends
with an imprecise manner (5,6). Chronologically,
adolescence age typically ends at age 20, but
proficiency in the psychological tasks of adoles-
cence remains into young adulthood (3,6). The
phases of adolescence development are subdi-
vided into four segments: Preadolescence (11-13
years), early adolescence (13—15 years), middle
adolescence (15—17 years), and late adolescence
(17-19 years) (5,7,8).

HGS measurement is a well-established and
approved measurement of static strength (9-12).
Previous studies have shown that HGS reaches
its peak in the fourth decade of life in both gen-
ders and then begins to decline thereafter (13).
Discrepancies exist in HGS depending on age, sex,
and race (10,11); consequently, it is indispensable to
generalize standardized reference value (14). HGS is
measured for the normal populace in many coun-
tries and the normative reference data are depen-
dent on age and sex is used in most clinical prac-
tices (10,11). Similarly, male has greater HGS than
their female counterparts at all ages (10) and HGS
is superior in the right-hand than the left-hand in
both gender (15). Several studies have shown
that HGS is positively associated with body mass
index (BMI) (14,16-21). Previous studies have
shown that thin individuals (BMI <18.5 kg'm2)
have low HGS compared to individuals with a
normal BMI (14,16,17,19,20). HGS is positively
associated with mineral density in women with
natural bone health after menopause (9,22), diag-
nostic tool for women suffering from osteoporo-
sis (23,24), and used to predict mortality resulting
from heart disease and cancer for men (25-27).

HGS is a good health measure for all per-
sons (28-30). Clinically, it is useful in the assess-
ment of rehabilitation (31), evaluation of muscu-
loskeletal function, weakness, and disability (32),
and serves as a reliable predictor of subsequent
post-operative complications in older female
patients (33,34).
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Published normative data for HGS of adolescents
are available from many countries segregated by
age and gender. However, there are no age-based
reference data for HGS in relation to BMI in
Northern Nigeria. Therefore, the purpose of this
study was to establish normative data for right
HGS (RHGS) and left HGS (LHGS) and BMI of
adolescents between 12 and 20 years in Northern
Nigeria; and secondly, to assess the correlation
between HGS and BMI.

METHODS

Research design
A cross-sectional descriptive study of 1966 ado-
lescents attending public secondary schools in

Northern Nigeria was carried out to examine the
association of HGS with the BMI.

Sample and sampling procedure

The minimum sample size for the categorical data
was established using the Cochran’s sample size
formula, at an alpha level of 0.05 and power of
95% (n = z’pqg/d*, where; n = the sample size,
z = standard normal deviate, p = proportion in the
target population expected to have the required
characteristics, q = 1-p) (proportion in the target
population not having the required characteristics,
d = degree of accuracy required, which was set at
0.05 level) (35,36). The sample size values were
achieved based on per 1000 determination (37)
(considering 5% margin of error, 95% confidence
level, in every 1000 population 278 participants
were sampled. Therefore, 278 multiplied by 7 =
1946 participants + 20 girls = 1966). Due to the
high number of secondary schools in the nine pur-
posively sampled states (out of the 18 northern
states of Nigeria), five public secondary schools
within the metropolis of two major cities of each
state were randomly selected. In each school,
participants were selected based on proportional
sampling, that is, the number of participants per
school = (the entire students within a school x
the size of the sample)/the entire students in a
particular state (10 selected schools). At each
school, the students were selected from all levels
(class 1 - 6). Similarly, the participants selected
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from each class were formed based on the pro-
portional sampling method, that is, the number of
participants per class = (the entire students in class
x the total selected from the school)/the entire stu-
dents in the school. School records of birth were
used to establish the ages of participants in the
study. Participants were randomly selected using a
balloting technique. Thus, 2160 participants were
expected for the study, but only 1966 participants
completed the testing.

Inclusion criteria

The inclusion criteria for the study were: (a) Age
between 12 and 20 years old and (b) healthy and
free of illness (i.e., hand pain, osteoarthritis, and
rheumatoid arthritis). While, the exclusion crite-
ria include: (a) Age below 12 and those above 20
years old and (b) physical deformity or having
ailments.

Ethical considerations

The study was guided according to the ethical
principles of the Declaration of Helsinki, and
the ethical guidelines and approval of the Health
Research Ethics Committee of the Ahmadu Bello
University, Zaria, Nigeria. Permission was obtained
from the participating schools and from vari-
ous Local Governments Education Authorities.
Before data collection, the nature and scope of the
study were explained to the children and their par-
ents, who gave written informed consent.

Anthropometric measures

Body mass and height measurements fol-
lowed the standard procedures as prescribed by
Marfell-Jones et al., (38). Body mass was mea-
sured to the nearest 0.5 kg, while on a Frankfort
position using Seca mass-height Scale, Hamburg,
Germany. Height was measured barefooted to the
nearest 1.0 cm. BMI was calculated using the for-
mula weight (kg)/height (m?).

Handgrip-strength measurement

The HGS of the participants was measured while
on a Frankfort plane position (39,40) with the
arm fully extended and away from the body using
Hand Grip Meter 6103, Tanita, Tokyo, Japan. The
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participants were verbally cheered to generate
their maximal HGS. Three trials were given, with
2—-4 seconds of maximal contraction and 30 sec-
onds rest periods in-between each trial. The con-
tralateral side was then examined according to the
same process. The first tested side was random
based on the choice of the participant. The results
were recorded as kilograms taken from the display
of the dynamometer to the nearest 0.1 kg. The dis-
play of the dynamometer shows the maximum
strength within a trial and the value was reset to
zero before each subsequent measurement. HGS
was measured thrice for each hand and the best
of the three readings was recorded and used for
analysis.

Statistical analysis

The data were cross-checked for normality by
means of the Shapiro-Wilk test. For significant dis-
parities in HGS between the LHGS and the RHGS,
a paired sample f-test was used. Subsequently,
two-way ANOVA was computed to ascertain if
age and gender have significant effect or inter-
action on HGS of the participants. Similarly, the
Tukey’s Honest Significant Difference (HSD)
test, is a post-hoc test based on the studentized
range distribution, was computed to analyze spe-
cifically where the differences lie and the groups’
means (compared with each other) are different.
A sequence of independent sample #-test was also
computed to ascertain the disparities between the
genders’ based on the age group to determine age
and gender difference HGS. Similarly, percentiles
based on a class interval of five were computed to
establish the values for RHGS and LHGS based
on the age-group analysis. In addition, the Pearson
product-moment correlation (PPMC) was com-
puted to ascertain the correlation between HGS
and BMI. All statistical analyses were computed
using the IBM-SPSS (version 24) software for
Windows.

RESULTS

One thousand two hundred seventy-five males
(14.7 £ 1.2 years; 159.2 £ 12 cm; 53.3 + 13.7 kg)
and 691 females (15.4 + 3.6 years; 154.3 + 14 cm;
50.1 + 13 kg) participated in this study. Shown in
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Table 1 is the descriptive data for height, mass,
BMI, and RHGS and LHGS stratified by gender
and age. The paired sample #-test showed that the
RHGS was significantly higher than the LHGS
(t=21.337, p < 0.05).

The two-way ANOVA show that there was an effect
for age in the RHGS (F = 570.1, p < 0.05), and in
the LHGS (F = 611.2, p < 0.05). Post hoc analysis
using Tukey’s HSD showed that there were signifi-
cant disparities between all ages in the RHGS and
the LHGS (p < 0.05); however, the disparities were
not significant between participants aged 12 and 14
years (Figure 1).

The two-way ANOVA revealed that the male partic-
ipants had a significantly greater RHGS (F = 561.5,
p <0.05) and the LHGS (F = 621.4, p < 0.05) com-
pared to the females. Equally, the two-way ANOVA
revealed that there was a significant interaction
between gender and age for the RHGS (F = 72.2,
p <0.05) and the LHGS (F = 92.1, p < 0.05).

The percentile values for both RHGS and LHGS
according to age and gender, as shown in Table 2. Males
had significanty higher values of the RHGS than
females of the same age (p < 0.0038) at 16-20 years.
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Similarly, at ages 15-20 years, males exhibited signifi-
cantly higher LHGS values than females of the same
age (p < 0.0038). There was a significant correlation
between the BMI and RHGS (r = 0.480, p < 0.01)
and the LHGS (r = 0.465, p < 0.01) (Table 3).

DISCUSSION
The primary purpose of the current study was to
establish reference values of the RHGS and LHGS

for adolescents in Northern Nigeria and to assess
the correlation between the HGS and BMI. There

—— Males' Right handgrip —#— Males' Left handgrip

Girls' Right handgrip Girls' Left handgrip

15 16

Age (Years)

17 18 19 20

FIGURE 1. Gender and age differences in handgrip strength of
the participants.

TABLE 1. Height, body mass, body mass index, right, and left handgrips strength of the participants stratified by gender and age

Age G N Ht (cm) BM (kg) BMI (kg m) RHGS (kg) LHGS (kg)
12.0-12.9 M 174 1469 36.9+6.0 17.4+2.9 14.5+4.9 14.0£5.4
F 70 13910 35.0+£8.3 18.0+2.9 14.0£5.0 14.2+4.4
13.0-13.9 M 275 1437 39.2+10.2 19.1+4.1 16.3£3.8 15.5+3.6
F 98 14248 36.4+6.5 18.1£2.7 16.5+4.2 16.1+4.1
14.0-14.9 M 238 148+10 43.6+12.8 19.7+4.9 19.4+7.6 17.9+4.9
F 64 147+9 42.8+9.6 19.6£3.5 19.1+4.2 18.1+4.1
15.0-15.9 M 190 15749 50.5+14.5 20.3+4.8 23.4471 224471
F 120 1557 48.7+10.2 20.2+34 217454 20.2+5.4
16.0-16.9 M 154 1648 55.8+13.5 20.7x4.0 29.7+8.8 27.6+8.2
F 9N 15916 54.6+8.9 21.5x3.2 21.9+5.0 20.7£5.1
17.0-17.9 M 12 1669 60.0+14.5 21.5x4.3 34.5+9.5 32.5¢7.8
F 162 161+6 56.6+10.4 21.7£35 24.4+53 22651
18.0-18.9 M 52 172+7 63.2+13.1 21.3£39 38.548.7 36.3+8.3
F 50 16246 58.8+11.1 22.5+4.1 259453 24.1£5.0
19.0-19.9 M 42 17129 67.5+14.7 23.0£3.9 41.8+8.2 39.4+8.1
F 24 163+21 59.5+10.8 22.6x3.7 251455 234449
20.0-20.9 M 38 16619 63.5+12.2 22936 42.2+9.7 41.4%10.0
F 12 1615 58.6£7.9 22.5%2.8 27.6%5.9 25.7%6.0

M: Male, F: Female, G: Gender, Ht: Height, BM: Body mass, BMI: Body mass index
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TABLE 2. Handgrip strength percentiles of the participants based on gender and age
Percentiles G Age (years)
12.0-12.9 13.0-13.9 14.0-149 15.0-159 16.0-16.9 17.0-17.9 18.0-189 19.0-19.9 20.0-20.9
R L R L R L R L R L R L R L R L R L

95 M2 219 23 22 30 27 37 35 45 41 52 47 53 51 56 53 61 62
F 24 22 24 23 27 26 30 3 31 29 33 31 3 32 33 31 38 3H4
90 M 19 19 21 20 27 24 33 32 42 38 45 44 49 47 53 49 58 56
F 21 20 22 20 26 24 28 26 28 28 31 29 33 31 31 30 36 33
85 M 18 18 20 20 24 23 31 30 40 37 42 40 47 45 52 47 53 S
F 19 19 20 20 24 22 27 25 27 26 30 28 31 30 30 28 34 32
80 M 18 17 20 19 23 22 29 28 37 36 40 37 45 42 48 46 48 49
F 19 17 19 19 22 22 26 25 26 25 29 27 30 28 30 27 34 A
75 M 17 16 19 18 22 21 28 26 35 34 38 36 43 40 47 44 4T 47
F 18 17 19 18 22 21 26 24 26 24 28 26 29 28 29 27 32 30
70 M 16 16 18 17 21 20 26 25 35 33 37 35 43 40 46 44 46 46
F 17 16 18 18 21 20 24 22 24 23 271 25 29 27 28 26 31 29
65 M 16 15 18 17 20 19 256 24 33 31 36 34 41 39 44 43 45 45
F 17 16 18 18 20 19 24 22 24 22 26 24 28 26 27 25 30 28
60 M 15 14 17 16 20 19 24 23 32 30 35 33 40 37 4 41 4 4
F 16 15 18 17 20 19 23 21 23 22 26 24 27 25 27 25 28 26
55 M 14 14 16 16 19 18 23 22 30 29 34 32 39 36 43 41 43 43
F 16 16 17 17 19 18 22 21 22 20 25 23 26 24 26 24 271 25
50 M 14 13 16 15 19 18 22 21 29 27 33 31 38 36 4 40 41 H
F 14 14 16 16 18 17 21 18 21 20 24 22 25 23 25 23 26 24
45 M 14 13 16 15 18 17 21 21 28 26 32 31 37 35 41 38 40 40
F 14 14 16 16 18 17 21 19 21 20 24 22 25 23 25 23 26 24
40 M 13 12 15 14 18 16 21 20 27 24 32 30 36 34 40 36 39 39
F 13 14 16 16 18 17 20 19 20 19 24 22 25 23 24 22 26 24
35 M 12 12 15 14 17 16 20 19 25 24 31 29 35 33 39 36 39 37
F 13 13 1 15 18 17 19 18 19 19 23 20 24 22 23 22 25 23
30 M 12 12 14 14 16 15 19 18 24 22 31 28 34 32 38 34 36 35
F 12 11 1% 13 17 16 19 18 19 18 22 20 23 22 23 21 24 22
25 M 12 1 14 13 16 15 18 18 23 21 30 27 33 30 37 34 3B H
F 1 1 14 13 16 16 18 17 18 17 21 19 23 21 22 20 24 22
20 M 1 10 13 13 165 14 17 17 22 20 28 27 32 30 34 32 34 32
F 1 10 14 12 16 15 18 17 17 16 21 19 22 20 21 19 23 21
15 M 10 10 12 12 14 13 16 16 21 18 27 25 30 29 33 31 33 3H
F 10 10 13 12 15 14 16 16 17 15 20 18 21 20 20 18 22 20
10 M 10 9 11 1 13 12 16 15 18 17 25 24 28 27 31 30 31 30
F 10 9 10 M1 14 13 16 14 16 14 18 17 20 18 18 17 20 19
5 M9 g8 10 10 M1 10 15 13 16 16 22 22 26 24 28 271 21 27

F 7 7 9 9 12 1 13 M 14 13 15 14 17 16 16 15 19 17
M: Male, F: Female, G: Gender, L: Left, R: Right

was a significant correlation between HGS of both  The dominance of the RHGS among the partici-
hands and the BMI. The RHGS was greater than  pants (=98%) is not surprising because most people
the LHGS in both male and female participants.  are generally right-handed in their daily activities.
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TABLE 3. Pearson correlation of body mass index and handgrip strength of the participants

Body mass index Right handgrip strength Left handgrip strength
Body mass index 1 0.480* 0.465*
Right handgrip strength 0.480* 1 0.998*
Left handgrip strength 0.465** 0.998** 1

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

Consistent with Amaral et al., (41) RHGS was
greater than the LHGS in both male and female
participants, and the left lateral domination was
8.0% among the participants. In addition, other
studies reported similar findings concerning the
gendered dimension of the superiority of the
RHGS over LHGS in both male and female par-
ticipants (10,11,42,43).

In this study, 15-year-old males and older had sig-
nificantly higher HGS values for both hands than
their females’ counterparts of similar age groups.
This could be attributed to the fact that at the age
of 13—15 years, most males begin to develop mus-
cle mass (physique), unlike their female counter-
parts. Previous studies have reported disparities in
HGS among males and females at the age of 12
and 13 years (44,45). While males at the age of
12 and 13 years begin to develop heavier bones;
more muscle mass and advanced hemoglobin
levels than their female counterpart as a result of
testosterone secretion (45), the females develop a
broader pelvis, more fats, and an enlargement in
breast size as a result of estrogen secretion (44).
Similar findings were reported by other research-
ers (10,11,41-43). A recent study reports the supe-
riority of male dominance in both the RHGS and
the LHGS compared to the female (41).

The present study revealed age and gender differ-
ences in HGS; however, there was no significant
difference in the HGS of both genders at ages 16
and 17 years. It is plausible that males and females
tend to develop more muscle mass at this stage,
thus, more muscle strength at the adolescence age
which is characterized by significant growth and
development, particularly at the start of the ado-
lescent years and afterward. Several studies have
attested to the biological age synchronization of
HGS in both genders with advancing age. For
example, one study revealed that older adoles-
cents aged 17-19 years exhibited superior HGS
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values than their younger at aged 14-16 years in
both males and females (42). Similarly, another
study indicates that HGS improves with age
for both genders (46). An earlier study revealed
a decline in HGS at the age of 30 years for men
and 50 years for women (43). However, one study
indicated that HGS attains peak at 35-39 years,
and afterward decreases in both sexes, and HGS
significantly correlated with height, weight, and
BMI (10).

Limitations

The most obvious limitation of this study is that it
presents the values as reference-ranges for the LH
and RH’s instead of dominant and non-dominant
hands, respectively. The cross-sectional nature of the
study limits ascertaining a causal relationship in the
HGS among the participants. Moreover, the results
of this study cannot be generalized to the entire
Northern region in Nigeria because most of the
areas were inaccessible at the time of data collection
due to insecurity (communal crisis and insurgency).
Similarly, as a result of poor girl-child enrolment in
the region, the ratio of male and female was dispro-
portionate up to 1.85, which may cause normative
norm deviations in the results.

CONCLUSION

There are gender and age variations in the HGS of
adolescents in Northern Nigeria. The HGS values
provided in this present study will serve as a ref-
erence for HGS among adolescent students with
healthy upper limbs in Northern Nigeria and might
be possibly used in clinical settings and rehabilita-
tion programs for adolescents within the age ranges.
In addition, the handgrip normative data would aid
in assessing the handgrip, upper body, and overall
strengths of adolescents. The present study con-
firmed the direct correlation of HGS with BMI
of the participants. Future studies should conduct
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a population-based study involving children and
adolescents in other parts of the country to establish
normative HGS values of children and adolescents

in Nigeria.
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