
1Gerber M, et al. BMJ Open 2022;12:e052326. doi:10.1136/bmjopen-2021-052326

Open access 

Is grip strength linked to body 
composition and cardiovascular risk 
markers in primary schoolchildren? 
Cross- sectional data from three 
African countries

Markus Gerber    ,1,2 Serge Ayekoé,3 Bassirou Bonfoh,4 Jean T Coulibaly,4,5 
Dao Daouda,4,5 Bomey Clément Gba,4,5 Benal Kouassi,4,6 Sylvain G Traoré,4,7 
Rosa du Randt,8 Siphesihle Nqweniso    ,8 Cheryl Walter,8 Marceline F Finda,9 
Elihaika G Minja,9 Getrud J Mollel,9 Honorati Masanja,9 Fredros O Okumu,9 
Johanna Beckmann,1,2 Stefanie Gall,1,2 Christin Lang,1,2 Kurt Z Long,1,10 
Ivan Müller,1,2 Nicole Probst- Hensch,1,10 Uwe Pühse,1,2 Peter Steinmann    ,1,10 
Juerg Utzinger1,10

To cite: Gerber M, Ayekoé S, 
Bonfoh B, et al.  Is grip strength 
linked to body composition and 
cardiovascular risk markers 
in primary schoolchildren? 
Cross- sectional data from three 
African countries. BMJ Open 
2022;12:e052326. doi:10.1136/
bmjopen-2021-052326

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2021-052326).

Received 12 April 2021
Accepted 02 February 2022

For numbered affiliations see 
end of article.

Correspondence to
Professor Markus Gerber;  
 markus. gerber@ unibas. ch

Original research

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

AbstrACt
Objectives Muscular strength represents a specific 
component of health- related fitness. Hand grip strength 
(HGS) is used as an indicator for musculoskeletal 
fitness in children. HGS can also be used as a marker of 
cardiometabolic risk, but most available HGS data are 
derived from Western high- income countries. Therefore, 
this study examines whether HGS is associated with body 
composition and markers of cardiovascular risk in children 
from three sub- Saharan African countries.
Design Cross- sectional study.
setting Public primary schools (grade 1–4) in Taabo (Côte 
d’Ivoire), Gqeberha (South Africa) and Ifakara (Tanzania).
Participants Data from 467 children from Côte d’Ivoire 
(210 boys, 257 girls), 864 children from South Africa (429 
boys, 435 girls) and 695 children from Tanzania (334 boys, 
361 girls) were analysed.
Primary and secondary outcome measures Body 
composition (assessed via bioelectrical impedance 
analysis) was the primary outcome. Cardiovascular risk 
markers were considered as secondary outcome. Blood 
pressure was measured with an oscillometric monitor, 
and blood markers (cholesterol, triglycerides, glycated 
haemoglobin) via Afinion point- of- care testing. HGS 
(independent variable) was assessed with a hydraulic hand 
dynamometer. Inferential statistics are based on mixed 
linear regressions and analyses of covariance.
results Across all study sites, higher HGS was associated 
with lower body fat, higher muscle mass and higher fat- 
free mass (p<0.001, 3.9%–10.0% explained variance), 
both in boys and girls. No consistent association was 
found between HGS and cardiovascular risk markers.
Conclusions HGS assessment is popular due to its 
simplicity, feasibility, practical utility and high reliability of 
measurements. This is one of the first HGS studies with 
children from sub- Saharan Africa. There is a great need 
for further studies to examine whether our findings can be 
replicated, to develop reference values for African children, 

to establish links to other health outcomes, and to explore 
whether HGS is associated with later development of 
cardiovascular risk markers.
trial registration number ISRCTN29534081.

IntrODuCtIOn
Muscular strength represents a specific 
component of health- related fitness and is 
defined as the ability to develop maximal 
muscle force.1 Muscle strength plays an 
important role in child development as it 
is the basis for locomotive movement and, 
therefore, can facilitate play and social inter-
action with other children.2

Hand grip strength (HGS) is used as a 
simple indicator to assess the maximum 
voluntary force of the hand,3 but HGS is also 
associated with arm, trunk and leg strength.4 

strengths and limitations of this study

 ⇒ This is one of the first hand grip strength (HGS) stud-
ies with children from sub- Saharan Africa.

 ⇒ The same methods were used across three different 
study sites (Côte d’Ivoire, South Africa, Tanzania).

 ⇒ There is still no consensus on HGS measurement 
protocols.

 ⇒ The children from the three study sites differed with 
regard to age, height and weight, and the samples 
were not representative for any of the countries 
involved.

 ⇒ Future studies should use longitudinal designs to 
explore whether grip strength in childhood is asso-
ciated with later development of cardiovascular risk 
factors.
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Research further shows that HGS is a good indicator for 
musculoskeletal fitness in children.5 Accordingly, assess-
ment of HGS is recommended as part of school- based 
fitness testing and as a screening tool for adequate levels 
of muscle strength and bone health.6

HGS is strongly dependent on age, sex and body mass.7 
The association with age is curvilinear. HGS increases 
through childhood and adolescence and peaks around 
the age of 40 years.3 8 Moreover, boys have higher HGS 
than girls, especially after puberty.3 7 Following puberty, 
there is an exponential progression in muscle strength 
among boys, which has been ascribed to the increase 
of testosterone and which in turn favours the growth of 
lean muscle mass.9 In girls, an increase of total body fat 
was observed after puberty.10 Research has also shown 
that HGS depends on body mass, and that HGS divided 
by body weight is more closely associated with health 
outcomes than absolute HGS values.11

Meanwhile, normative HGS reference values have been 
developed for children and adolescents in several coun-
tries.8 12 For instance, based on normalised HGS measure-
ments from 1326 sixth- grade students (10–12 years), 
Peterson et al13 developed thresholds for high metabolic 
risk and intermediate metabolic risk adolescents living 
in the USA. However, it is doubtful whether such HGS 
norms can be generalised across countries.3 For instance, 
a recent meta- analysis showed that HGS scores are signifi-
cantly higher in high- income compared with low- to- 
middle- income countries (LMICs).14

Furthermore, skeletal muscle has an important role 
for health and disease because it is the primary protein 
store within the body and the primary tissue for glucose 
disposal.15 In line with this notion, HGS has been asso-
ciated with a variety of health outcomes among adults, 
including nutritional status,16 chronic physical conditions 
such as cancer and cardiovascular (CV) diseases, as well 
as CV and all- cause mortality.15 17 These relationships have 
also been observed in people living in LMICs.18 Interest-
ingly, HGS seems to be a better predictor of mortality 
than muscle mass,19 however, the underlying mechanisms 
are not yet well understood.17 20 The association might 
be mediated via CV risk factors such as hypertension, 
diabetes, metabolic syndrome, inflammatory markers or 
risk of arrhythmia.11 21 22 In line with this, a meta- analysis 
showed that CV risk factors indeed attenuated the rela-
tionship between HGS and mortality, but they did not 
fully explain the observed relationship.17

Prior research has corroborated that HGS is a relevant 
health outcome among children and adolescents. For 
instance, a study with 1421 children (M=11.6 years) from 
the USA pointed towards a significant inverse relation-
ship between HGS and blood pressure, cholesterol levels 
and triglycerides.23 Similarly, a study with 2818 Norwe-
gian children (9–15 years) reported that, after adjusting 
for age, sex and puberty, higher HGS was associated with 
lower waist circumference, higher high density lipopro-
tein (HDL) cholesterol, lower triglycerides concentration 
and lower systolic blood pressure.24 These relationships 

were confirmed in Colombian children (M=11.5 years) 
living in low socioeconomic background settings.25 Finally, 
a prospective cohort study with more than a million 
Swedish participants showed that high grip strength in 
adolescence is associated with lower premature death 
later in life (median follow- up period of 24 years).26

In summary, these studies highlight that HGS has the 
potential to be used not only as an indicator of muscular 
strength, but also as a marker of cardiometabolic risk. 
However, most of today’s data are derived from Western 
high- income countries, whereas research in sub- Saharan 
Africa, where rapid social, cultural, economic and urban 
developments are currently occurring, is lacking, partic-
ularly among children. Therefore, the purpose of this 
paper was to examine whether HGS is associated with 
body composition (body fat, muscle mass, fat free mass) 
and markers of CV risk (blood pressure, cholesterol, 
triglycerides, blood glucose (glycated haemoglobin, 
HbA1c)) in primary schoolchildren from three African 
countries (Côte d’Ivoire, South Africa and Tanzania).

MethODs
study design and setting
Data presented in this paper come from the baseline data 
assessment of the KaziAfya cluster randomised controlled 
trial, which was conducted in public schools in Taabo 
(Côte d’Ivoire), Gqeberha (South Africa) and Ifakara 
(Tanzania). The goal of this trial was to implement and test 
two school- based health interventions (physical activity 
promotion, multimicronutrient supplementation) over a 
period of two school years to improve children’s health 
status. All study sites are located in rural and peri- urban 
settings. The Ivorian public primary schools were selected 
from Taabo city and village, located in the rural South- 
central Agnéby- Tiassa region (150 km Northwest from 
Abidjan). Taabo’s economy relies on agriculture (90% of 
the employees), and has two companies in the agricultural 
sector and a power station (hydroelectric dam), which 
produces 2% of the country’s energy. Our project schools 
in South Africa are located in periurban marginalised 
communities in the Eastern Cape (Gqeberha region). 
Only schools with poor ratings with reference to national 
poverty tables, income levels, dependency ratios and 
literacy rates were involved. Our project schools in South- 
central Tanzania are situated in a rural town (Ifakara) 
in the Kilombero District, Morogoro Region (413 km 
from Dar es Salaam). The main economic activity of the 
local population is rice farming, but small businesses and 
animal husbandry are also conducted. As described in the 
study protocol, education authorities were contacted first, 
before contact was made with principals of schools that 
met inclusion criteria. Detailed information was given to 
school principals about the objectives, procedures and 
potential risks and benefits of the study. Based on this 
information, school principals could state their interest 
in being part of the project. Schools were eligible if they 
were public schools, had facilities to implement physical 
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education lessons (free space: lawn, sand or concrete), 
and did not participate in any other research project or 
clinical trial.27

Participants and procedures
Children were eligible if they attended grade 1–4, were 
no older than 12 years, did not participate in any other 
research projects, and did not suffer from clinical condi-
tions that prevent participation in physical activity, as 
determined by qualified medical personnel. Written 
informed consent was obtained from the legal guardians 
before study enrolment, after having provided detailed 
written and oral information about the aims, procedures, 
risks and benefits of the study. The responsible ethics 
committees in Côte d’Ivoire, South Africa, Tanzania and 
Switzerland and the local school authorities approved the 
study. Children who suffered from severe medical condi-
tions and/or malnourishment (as diagnosed by a nurse, 
following national guidelines) were referred to local 
clinics. The data assessment took place between October 
and December 2018 in Côte d’Ivoire, between January 
and April 2019 in South Africa, and between July and 
August 2019 in Tanzania.

Measures
Data assessments took place at children’s schools before 
the start of the intervention. Saehan hydraulic hand 
dynamometers (MSD Europe BVBA; Tisselt, Belgium) 
were used to assess HGS. The children were instructed 
to sit with spine erect, relaxed, and with an arm posi-
tion at a 90° angle. Before the first data assessment, a 
field investigator briefly demonstrated how to hold the 
hand dynamometer. Children were instructed to grip 
the hand dynamometer as hard as possible. Each child 
performed six trials (three with the left, and three with 
the right hand), which were recorded to the nearest 1 kg. 
After each trial and after a 30 s resting period, the hand 
was changed. An overall HGS score was constructed by 
calculating the mean across all six trials, which was then 
divided by the child’s body weight. Previous research 
with children showed that HGS is closely associated with 
total muscle strength,28 and that HGS measures generally 
have a good reliability.29 Body composition was assessed 
via bioelectrical impedance analysis (BIA) using a wire-
less body composition monitor (Tanita MC- 580; Tanita, 
Tokyo, Japan). Children wearing only light clothing were 
asked to stand barefoot on the metal plates of the device, 
being guided by the research assistant to ensure optimal 
contact according to the manufacturer’s instructions. The 
MC- 580 was also used to assess body weight to the nearest 
0.1 kg. Body height was taken to the nearest 0.1 cm with 
each child standing with his/her back erect and shoul-
ders against a stadiometer. Blood pressure was assessed 
with a validated oscillometric digital blood pressure 
monitor (Omron M3; Hoofddorp, Netherlands). Three 
measurements were performed, and the mean of the last 
two measurements were employed as indicators of systolic 
and diastolic blood pressure. Capillary blood sampling 

was used to assess blood markers for CV risk, using the 
Afinion 2 analyser (Abbott Technologies; Abbott Park, 
USA). Total cholesterol, HDL cholesterol, low density 
lipoprotein (LDL) cholesterol, triglycerides and HbA1c 
were assessed using fasting capillary blood sampling.30 
Evidence of the clinical utility and accuracy of this finger 
prick technology has been described previously.31

statistical analyses
Descriptive statistics for all study variables are reported 
separately for each study site (table 1). Normality was 
tested via the Kolmogorov- Smirnov test. Univariate anal-
yses of covariance (ANCOVAs) with Bonferroni post hoc 
tests were calculated to examine differences between 
study sites. Mixed linear regression analyses with random 
intercepts for school classes to account for the nested 
nature of the data (learners assessed in classes) were 
performed separately for each study site to determine 
whether HGS is associated with body composition and 
single CV risk markers (table 2). All regression analyses 
were controlled for sex and height (table 2). Weight 
and age were not considered as covariates to avoid over- 
adjustment and collinearity issues (eg, weight is already 
considered in the body weight- adjusted HGS measure, age 
is highly correlated with height (r=0.71–0.77, p<0.001). 
Objectively assessed physical activity, cardiorespiratory 
fitness (VO2max), dietary diversity, and socioeconomic 
status were considered as additional covariates (online 
supplemental table S1). To compare children with high 
vs low HGS scores, ANCOVAs (controlling for sex and 
height) with Bonferroni post hoc tests were calculated to 
compare HGS quartiles (table 3). Analyses controlled for 
further covariates are presented as online supplemental 
table S2. All analyses were carried out with SPSS (V.26, 
IBM). The level of statistical significance was set at p<0.05 
across all analyses.

Patient and public involvement statement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our study.

results
sample description
As shown in table 1, in Côte d’Ivoire, 467 children 
presented with complete data (210 boys, 257 girls) across 
all study variables. In South Africa, 864 children were 
included (429 boys, 435 girls), whereas in Tanzania, the 
final sample consisted of 695 children (334 boys, 361 girls). 
A participant flow chart is provided in figure 1. Because 
the blood tests and fitness tests took place on different 
days, because of the limited time allocated by schools for 
data collection, and due to a beginning national teacher 
strike in Côte d’Ivoire, a considerable number of students 
of the original sample had missing values and could not 
be included in the analyses.

https://dx.doi.org/10.1136/bmjopen-2021-052326
https://dx.doi.org/10.1136/bmjopen-2021-052326
https://dx.doi.org/10.1136/bmjopen-2021-052326
https://dx.doi.org/10.1136/bmjopen-2021-052326
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Figure 1 Participant flow chart.

Descriptive statistics and between-country differences
Table 1 displays the descriptive statistics, separately for 
each study site. Although none of the metric variables 
were normally distributed, no evidence for severe non- 
normality was found (skewness and kurtosis values of ≥|2| 
and ≥|7|, respectively).32 Therefore, no log- transformation 
of the outcomes was needed. High internal consistency 
across the six HGS measurements was confirmed in 
each study site (Cronbach’s alpha: 0.95–0.98). As shown 
in table 1, significant differences between study sites 
were found in most of the variables, before and after 
controlling for confounders. Children from the Tanza-
nian study site were oldest (M=9.34±1.74 years), followed 
by peers from the South African (M=8.24±1.42 years) 
and Ivorian (M=7.86±2–63 years) study sites. In line with 
this, children from Tanzania were tallest, heaviest and 
had the highest body mass index (BMI) scores. They 

also achieved the highest absolute and weight- adjusted 
HGS scores. Furthermore, children from Tanzania had 
the highest scores for systolic/diastolic blood pressure, 
total cholesterol, as well as HDL and LDL cholesterol. 
By contrast, children from the Ivorian study site had 
higher triglyceride levels, whereas children from the 
South African study site had the highest HbA1c concen-
trations. Differences in HGS, body composition and CV 
risk persisted after controlling for sex, height and weight.

hGs, body composition and CV risk markers
Table 2 shows the results of the mixed linear regres-
sion models, separately for each study site. The results 
consistently show that HGS is positively associated with 
relative muscle mass and fat- free mass, whereas HGS is 
negatively associated with relative body fat. These associ-
ations persisted after controlling for sex and height. The 
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associations also persisted after controlling for further 
confounders (see online supplemental table S1).

Regarding the association between HGS and CV risk 
markers, only a few significant results were found, after 
adjusting for sex and height. More specifically, in chil-
dren from the Ivorian study site, those with higher HGS 
had higher total and LDL cholesterol levels. However, no 
such relationships were found among children recruited 
from the South African and Tanzanian study sites.

Differences between hGs quartiles
Table 3 shows the means and standard deviation for the 
different HGS quartiles. Consistently across all study sites, 
significant between- quartile differences were found for 
relative body fat, muscle mass and fat- free mass. Differ-
ences remained after controlling for sex and height 
(table 3) and further confounders (online supplemental 
table S2). Bonferroni post hoc tests pointed towards a 
clear gradient, indicating that students in the higher HGS 
quartiles had lower body fat levels, higher muscle mass 
and higher fat- free mass. Using the example of muscle 
mass, figure 2 shows that this gradient occurred in both 
girls and boys.

DIsCussIOn
The key findings of this study are that in primary school 
children from Côte d’Ivoire, South Africa and Tanzania, 
higher HGS is associated with lower body fat, higher 
muscle mass and higher fat- free mass. A clear gradient 
appeared in both boys and girls. The level of explained 
variance (3.9%–10.0%) points towards between- quartile 
differences of moderate magnitude. Unlike previous 
findings, no consistent association was found between 
HGS and further (single) CV risk markers (blood pres-
sure, cholesterol, triglycerides, HbA1c). To the best of 
our knowledge, this is the first study carried out with 
children in sub- Sahara Africa and testing the relationship 
between HGS, body composition and CV risk markers. It 
is also one of the few studies carried out with younger 
schoolchildren.

This study corroborates the notion that grip strength 
serves as a dynamic indicator of muscle mass and healthy 
body composition.3 4 33 This also supports public health 
recommendations that children should regularly engage 
in muscle- strengthening activities.34 Schools can play an 
important role in this process as they can reach all chil-
dren, independent of their sex, ethnicity and socioeco-
nomic background via school physical education. On the 
other hand, the association between muscle mass and 
HGS was of limited (moderate) magnitude. This indi-
cates that other factors have an impact on children’s HGS. 
Possible influences are overall dietary quality,35 disease- 
related factors33 and socioeconomic status.36 However, in 
this study, the association between HGS and muscle mass 
persisted after controlling for physical activity, cardio-
respiratory fitness, dietary diversity and socioeconomic 
status.

This study also confirms prior research3 7 8 showing 
that increasing age is positively associated with both abso-
lute HGS (in this sample: r=0.50–0.70, p<0.001, data not 
shown) and body weight- adjusted HGS (r=0.17–0.46, 
p<0.001, data not shown). While chronological and 
biological age can differ,8 similarly strong associations 
were found between children’s height and absolute HGS 
(in this sample: r=0.54–0.74, p<0.001, data not shown) 
and body weight- adjusted HGS (r=0.11–0.36, p<0.01, data 
not shown). Our study also aligns with previous investiga-
tions showing that boys have higher HGS than girls.3 7 9 10 
In the present sample, boys had higher absolute HGS 
(3.0%–4.7% of explained variance, data not shown) and 
body weight- adjusted HGS (3.9%–6.5% of explained vari-
ance, data not shown) than girls.

Regarding the relationship between HGS and CV risk 
markers, our findings are at odds with most previous 
studies with adult11 21 22 and child/adolescent popula-
tions.23–26 Whereas prior research with children and 
adolescents showed that higher HGS are associated with 
more favourable blood pressure, more favourable choles-
terol profiles, lower triglyceride concentrations and lower 
clustered CV risk, it is important to note that not all 
studies found such relationships. For instance, HGS was 
not associated with CV risk markers in a sample of 1642 
Australian children and adolescents (9–15 years).37 The 
fact that in our study no clear association occurred in any 
of the study sites indicates that our results have a certain 
generalisability; however, we can only speculate about the 
underlying reasons. One assumption relates to the (low) 
age of the children and the fact that, on average, risk 
marker scores were relatively low in the present sample.38 
It is possible that the relationship between HGS and 
CV risk markers becomes more pronounced as muscle 
strength increases with age due to changes in muscle 
mass,28 and as the prevalence of CV risk factors increases 
during later childhood and adolescence. In younger chil-
dren, HGS may be more closely associated with other 
(eg, subjective or mental) health outcomes.39 This aspect 
deserves more attention in future investigations, espe-
cially as few studies have so far examined the relationship 
between HGS and subjective/mental health in children/
adolescents. Among adults, the relevance of low HGS as a 
risk marker for CV health seems well established. In line 
with this, a UK Biobank- based study with 403 199 adults 
showed that obesity and lower grip strength are inde-
pendent predictors of higher mortality risk. However, 
all- cause mortality risk was lower for obese but stronger 
individuals compared with non- obese, but weaker indi-
viduals,34 which suggests that ‘improving muscle strength 
may be a more important public health priority than 
reducing adiposity in decreasing mortality risks, although 
excessive adiposity itself is a strong risk factor of mortality’ 
(Kim et al, p. 780). Finally, the relationship between HGS 
and health outcomes may be different in children from 
LMICs.

https://dx.doi.org/10.1136/bmjopen-2021-052326
https://dx.doi.org/10.1136/bmjopen-2021-052326
https://dx.doi.org/10.1136/bmjopen-2021-052326
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Figure 2 Differences in muscle mass between HGS quartiles, separately for girls and boys and for each study site. HGS, hand 
grip strength.

strengths and limitations
The fact that there is still no consensus on HGS measure-
ment protocols complicates between- study compari-
sons.33 For instance, research showed that methodological 
aspects (eg, dynamometer handle position) can have a 
significant influence on the HGS performance of chil-
dren.40 Therefore, the fact that we applied the same 
methods across three different study sites is an advantage, 
as it allows direct comparison of the findings. By contrast, 
the fact that children from the three study sites differed 

with regard to age, height and weight can be seen as a 
limitation. To address this issue, we focused on body 
weight- adjusted HGS, and considered sex and height (as 
a proxy for biological age) as covariates. Nevertheless, 
some questions remain unanswered. For instance, it is not 
entirely clear why—after controlling for sex, height and 
weight—children from Côte d’Ivoire had lower weight- 
adjusted HGS scores than peers from South Africa and 
Tanzania. We further acknowledge that due to the cross- 
sectional nature of our study, no conclusions are possible 
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regarding cause and effect. Researchers have pointed 
to the issue of reversed causality and the fact that poor 
HGS could be considered as a marker of poor overall 
health.17 For future studies, the important question is 
whether grip strength in childhood is associated longitu-
dinally with later development of CV risk factors. We also 
acknowledge that differences between study sites should 
not be (mis)interpreted as between- country differences, 
since the study sites were not representative for any of the 
countries involved. In all three study sites, children were 
recruited from rural and periurban areas and thus repre-
sent rather poor segments of the population, which limits 
the generalisability of our findings.

COnClusIOns
HGS assessment is popular due to its simplicity, feasibility, 
practical utility and high reliability of measurements. 
Assessments are quickly obtainable by a range of different 
health professionals. They can also be easily implemented 
as part of school- based fitness testing and as a screening 
tool for adequate levels of muscle strength and bone 
health.

Our study highlights that higher body weight- adjusted 
HGS is associated with healthy body composition (lower 
body fat, higher fat- free mass) and higher muscle mass. 
To the best of our knowledge, this is the first HGS study 
with children from sub- Saharan Africa. Hence, there is a 
great and continued need for further studies to examine 
whether our findings can be replicated (eg, with older 
primary school students), to establish links to other 
health outcomes (eg, nutritional status, mental health), 
to explore longitudinal relationships, and to develop 
reference values for African children and adolescents. It 
will also be important to understand whether HGS is a 
predictor of the level of CV/metabolic risks in specific 
populations in different countries of sub- Saharan Africa, 
and to consider how CV/metabolic risk can be improved 
in these populations in the longer term.
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