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ABSTRACT

Skinfold measurements have long been considered as a valid anthropometric indicator of subcutaneous fat.
Nonetheless, percentile ranges for population-based skinfold thicknesses for Nigerian children and adolescents are
notavailable. The present study developed new age- and sex-specific percentile reference curves for biceps, triceps,
subscapular and suprailiac skinfold thicknesses in a representative sample of healthy Nigerian children and
adolescents. The sample comprised 3,413 boys and 3,496 girls aged 3 — 19 years, randomly selected from rural and
urban communities in Nasarawa State, Nigeria. The LMS method was used to fit percentile curves for biceps,
triceps, subscapular and suprailiac skinfold thicknesses and the LMS parameters were generated for calculating
standardized Z-scores. Subjects were classified as being underweight or having normal weight based on their BMI
values using the WHO 2007 reference. The new reference percentile ranges for biceps, triceps, subscapular and
suprailiac skinfold established age- and sex-specific of subcutaneous fat distribution. Comparison of centile curves
of the underweight and normal weight children indicate higher subcutaneous adiposity in subjects with normal
weight than the underweight. The present study has for the first time presented age- and sex-specific skinfold
percentiles and parameters for calculating standardized Z-scores of Nigerian children and adolescents. The
tabulated percentiles and Z-scores can be useful indicator of subcutaneous fat and local reference for
anthropological studies.
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INTRODUCTION

As malnutrition in all its forms continues to threatened
the world as the leading cause of poor health and death,
Nigeria is one of the six countries that account to half of
global child death from malnutrition'’ and is a direct or
underlying cause of 45% of all death of under-five
children ™. Skinfold is a fold of skin formed by pinching
or compressing 2 layers of the skin and its underlying
subcutaneous layers in order to measure fat in specific
part of the body. Skinfold has long been used as a
measure of nutritional status . Skinfold thicknesses
evaluation are inexpensive, non-invasive and simple
anthropometric technique for assessing body
composition, body somatotype and nutritional status
" Because of the likely striking inequalities in
anthropometrics due to genetic, demographic, sex, age,
socioeconomic status and cultural divide and for the
purpose of comparison, it is important to develop
reference values.

Abnormal accumulation of subcutaneous adipose
tissue assessed with skinfold thicknesses has been
found to be related to dyslipidaemia which increased
the risk of atherosclerosis, coronary heart disease,
metabolic syndrome, stroke and hypertension ”'*'*. In
2007, the World Health Organization published growth
reference curves for anthropometric measurements
including triceps and subscapular skinfolds were
collected from Brazil, Ghana, India, Norway, Oman
and the USA"". Such international reference values are
of immense advantage in that they allow for cross-
national comparisons, although it is not clear how well
they fit children and adolescent populations whose data
were not included in the reference population. In
addition to skinfold data of Nigerian children and
adolescents not included in generating the reference
curves, to our knowledge, Nigeria has no national
reference data generated from the six geopolitical
zones. Despite being recommended for use by countries
around the world """, the published reference data by the

Journal of Anatomical Sciences 2021: Vol. 12 No. 1 23



"Nwankwo M, *Danborno B, *Musa SA and’Abubakar AS

WHO may not have accounted for the peculiarities
(demographic settings, genetics, culture and
socioeconomic inequities) in Nigeria and therefore,
making it non-applicable to Nigeria. It is expected that
variabilities may exist at subnational levels
(geopolitical zones and across states within and
between these zones).

Some countries have developed their reference values
from national studies ™ '* . In Nigeria, to our
knowledge, there is no national reference values for
skinfold thicknesses for children and adolescents. The
few available studies in which skinfold were measured
were not rigorous and robust enough and are flawed in
many respects especially in their methodological
design such as sampling method, for instance use of
non-representative data from regions, heterogeneity of
measurement techniques and sampling and poor

.. . . [1820]
statistical power in some age categories .

Because of the inherent use of skinfold thickness as a
nutritional status screening indicator, absence of
established national reference for Nigerian population
and the need to fill the gap in knowledge, herein, we
aimed to generate reference percentiles for biceps,
triceps, subscapular and suprailiac skinfold thicknesses
for Nigeria children and adolescents. In order to allow
for the possibility to calculate the corresponding age
and sex-specific standardized Z-scores (standard
deviation from the mean), LMS parameters from the
transformed data were provided. The secondary
objective of this study is to compare these reference
percentiles to that of individuals identified as
underweight defined by 2007 WHO recommended
body mass index (BMI)-for-age cut-off points to learn
more on the potential differences in skinfold
thicknesses based on nutritional status.

MATERIALSAND METHODS

Communities and participants: The study was
conducted in rural and urban communities of Nasarawa
State, Nigeria. Nigeria is divided into six geopolitical
regions — northeast, northwest, northcentral, southeast,
south-south and southwest. This region is located in
northcentral geopolitical region. The study was
conducted in two local governments areas (LGAs),
Lafia (being the state capital) and Doma (24 km from
Lafia). The urban samples were collected from Lafia
while the rural samples were collected from Doma.
Samples were collected from preschool, nursery,
primary and secondary (junior and senior) schools. The
rural samples display homogenous ethnic (primarily
Alago, Eggon and Tiv), cultural, sociodemographics
and economic attributes. Agriculture is the mainstay of
Doma and Lafia and the entire State's economy with the
production of cash crops. The State is also rich in solid
minerals such as baryte, bauxite and salt, although these
resources are being mined at the moment by artisanal
miners. The major means of livelihood of most parents
in Doma is farming and trading. The urban samples are
predominantly Hausa, Bare-Bari, Alago, Eggon,

Migili, Fulani and Gwandara. Although the urban
sample are rather more ethnic diversity, they display
similar cultural and sociodemographics when
compared to the rural sample. Lafia has a much larger
(pop. 330,712) population and higher socioeconomic
status than Doma (pop. 139,607). Parents of most of the
participants in Lafia are traders or agriculturalists.
Others are civil servants, artisans with few
professionals. All of the participants both in Lafia and
Doma attended school.

School-aged children and adolescents aged 3 — 19 years
were recruited in the study. Before participation in the
study subject must be free from: chronic disease that
might affect growth (such as anaemia-related, renal,
cardiac diseases, etc.) and absence of psychological or
physical disability. Additionally, because of the low
prevalence of overweight in our sample, which is
reflected in the small number of overweight and no
obesity, these subjects were excluded from the analytic
population. Subjects were randomly selected using
two-stage sampling technique. All schools (public and
private) were sampled and stratified by urban/rural
setting. In the second stage, all children and adolescents
within the required age group within the sampled
schools make up the sampling frame. Selection of
children and adolescents for the survey was by
stratified random sampling, the stratification variables
being classes.

Anthropometric data: Anthropometric
measurements were taken as per standard procedures
detailed by the International Society for Advancement
of Kineanthropometry (ISAK) protocol *" and were
taken with Harpenden Skinfold Calliper (graduation
0.2 mm, range 80 mm, model: HSB-BI). All
anthropometric measurements were taken by
designated researcher throughout the study period.
Weight, height and four skinfolds (biceps, triceps,
subscapular and suprailiac) were measured for all
participants. Height was measured in centimetres using
a portable stadiometer with the subjects standing in
upright position on flat ground without shoes and head
in horizontal Frankfurt plane. Similarly, weight was
also measured without shoes in light clothing and was
measured in kilograms using a portable weighing scale,
FitScan BC-585F, (TANITA Corporation, Tokyo,
japan) placed on a level ground.

All skinfolds were measured to the nearest | mm with
the subject in an upright position. The skinfold
thickness for each site was pinched to raise two layers
of skin and the subcutaneous adiposity excluding the
muscle. Bicep skinfold was measured in front side of
middle upper arm, triceps skinfold was picked up at the
posterior midline of the left arm, over the triceps
muscle, at the lower margin of the olecranon process of
the ulna with the subject's arm at his/her side,
subscapular skinfold was measured on the left side, just
below the inferior angle the shoulder blade whereas
suprailiac (otherwise known as iliocristale) skinfold

24 Journal of Anatomical Sciences 2021: Vol. 12 No. 1



Reference Ranges for Skinfold Thicknesses in Nigerian Children and Adolescents Aged 3 — 19 years

was measured above the ilium of the hip bone.

Body mass index (BMI = weight (kg)/height (m)’) was
derived and converted to Z-scores using the SPSS
macro based on the WHO 2007 growth reference. BMI
z-scores (BAZ) were categorised into dichotomous
variables as normal weight and underweight by
collapsing BMI z-scores < -2 (thinness) and < -3
(severe thinness) into total underweight and all others
as normal weight. This is because of the relatively small
size of those classified as overweight (BAZ > +1) and
obese (BAZ > +2), and those with BAZ exceeding 3 in
absolute value were automatically excluded (flagged)
as outliers from the final dataset.

Reliability/Quality control: After initial training, data
for intra-observer reliability were collected on two
consecutive days by performing a measurement
reliability study. Measurements of 50 children from the
first school visited by individual research assistants for
the selected variables were made. The minimum
acceptable intraclass correlation coefficient *” between
any pair of trained raters of these measurements was set
as R=0.97. Note that “R” is defined as the proportion of
the variance of an observation as a result of between
subject variance in an error free score .

Ages: To determine chronological (decimal) age,
participants were asked to enter date of birth as
recorded in their birth certificate. Those without birth
certificate were asked to inquire from their parents. For
children in nursery or primary schools, date of birth was
recorded by their parents or caregiver. To calculate
chronological age of each child, SPSS date and time
wizard was used to calculate the difference between
date of birth and date of investigation (expressed in
months).

Participants/Ethical Clearance: Ethical approval
was received from Ahmadu Bello University, Zaria
Research Ethics Board. Permission was also obtained
from authorities of participating schools while
participants (parents) received consent form outlining
the study protocol. Only those who provided signed
informed consent to participate in the study were
included.

Statistical analyses: Data for 3,413 boys and 3,496
girls aged 3 — 19 years from Lafia and Doma LGAs
collected between 2018 — 2019 were used to produce
age- and sex-specific centiles of four skinfolds. The
data were analysed by the LMS method " to generate
smoothed percentile values and curves fitted for each
sex across age for each skinfold. Natural cubic splines
were fitted by maximum penalized likelihood * to
create three smoothed curves across each age #: L(7)
representing the Box-Cox power; M(7), the median and
S(?), the coefficient of variation. At each stage of
modelling, raw data for each skinfold and sex was used
to generate the smoothed percentiles and their
corresponding L, M and S parameters across age

category. Percentile curves at age t were then computed
as:

Pty = M (t) [1 = L (t) S (1) Za]l/ut)

Z, = denotes the normal equivalent deviation for tail
area a, P,,,.(t) represents the percentile equivalent to Z,.
The reciprocal of the equation above expresses any
given skinfold thickness as a Z-score:

4 (SF/M)F —1
L xS

Where the values for L, M and S are specific for the
child's age, sex and skinfold thickness.

Equivalent degree of freedom (edf) measures the
complexity of each fitted curve and the following edf
were chosen to model the smoothed L, M and S for each
sex and skinfold thickness: 1, 5 and 2 for biceps skinfold
thickness in boys; 1, 5 and 3 for biceps skinfold thickness
in girls; 1, 6 and 3 for triceps skinfold thickness in boys;
1, 8 and 3 for triceps skinfold thickness in girls; 1,3 and 2
for subscapular skinfold thickness in boys; 1, 5 and 3 for
subscapular skinfold thickness in girls; 1, 4 and 2 for
suprailiac skinfold thickness in boys; 1, 3 and 2 for
suprailiac skinfold thickness in girls respectively. Global
goodness-of-fit of the final model was assessed with
worm plots and Q tests ***”.

For each skinfold thickness, seven fitted percentiles of
3rd, 10th, 25th, 50th, 75th, 90th and 97th were computed
within 6 months age units from 3.00 to 19.49 years.
Individuals with BMIZ < -2 and < -3 were categorised as
underweight using the 2007 WHO growth reference
data. This was done using the WHO SPSS macro (for
Windows). Because the 2007 WHO growth reference
data was for children and adolescents 5 — 19 years old,
this is the age group whose nutritional status was defined
using the reference data. The LMS smoothing
algorithms similar to the population curves was used to
fit smoothed percentiles for individuals identified as
underweight across ages for comparison.
LMSchartmaker Pro version 2.54 program (Medical
Research Council, London, UK, 2011) was used to fit the
smoothed percentiles. All other statistical analyses were
performed with Statistical Package for Social Sciences
(IBM SPSS, Illinois, Chicago, USA) version 26.

RESULTS

The smoothed age- and sex-specific percentiles and their
corresponding LMS parameters for biceps, triceps,
subscapular and suprailiac skinfold thicknesses are
presented in Tables 1 —4 and some of the corresponding
curves are presented for better appreciation in Figures 1
— 3 for boys and girls separately. The tables show the
median (M), the Box-Cox power to remove skewness
(L) and the coefficient of variation (S) based on sex and
age separately for each skinfold. All the reference curves
for the four skinfolds were modelled without skewness
except triceps skinfold for girls which was found to be
positively skewed and as a result requires a negative
power (L) to remove the skewness from the data (Table
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2). The percentile values are indication of subcutaneous
adiposity distribution pattern across age and sex.
Comparison of the smoothed median and higher skinfold
percentiles across all age between boys and girls
revealed that girls consistently have higher values than
boys for the four skinfolds. All measured skinfold
showed relatively steady increase with age especially in
girls.

Inboys, median biceps increased from 3.33 mm (3 years)
and peak at age 19 years. An initial slow decrease in
median biceps was noticed from 3 years to 10 years, then
rebounds at 10.5 years and increased steadily to age 19
years. Compared to the median, higher percentiles have
earlier rebound after initial decrease in skinfold
thickness. For girls, median biceps increased from 4.35
mm at 3 years to 6.61 mm at 19 years while the 97th
percentile increased from 7.25 mm at 3 years to 15.53
mm at 19 years. After an initial decrease of median
percentile from 3 years (3.80 mm) to 8 years (3.77 mm),
it begins to rebound from 8.5 years and peak at 19 years
(6.61 mm). Both the 90thh and 97thh percentiles showed
similar pattern of decrease in from age 3 years but began
to increase 1 year earlier (7.5 years) than median
percentile.

For triceps skinfold thickness in boys, median percentile
decreased from 5.81 mm (3 years) to 5.00 mm (9 years)
then begins to increase at age 9.5 years steadily to 19
years. Similarly, the 97th percentile decreased from 9.47
mm (3 years) to 8.59 mm (8.5 years), then rebounds from
9 years and continues to increase steadily up to
adolescence. In girls, median and 97th percentiles of
triceps skinfold thickness decreased ab initio then
rebounds and continues to increase steadily to
adolescence.

Median subscapular skinfold for boys showed minimal
changes with age. It however plateaus at age 8.50 and 12
years. Ninety-seventh percentile increased from 6.43
mm (3 years) to 8.67 mm and peaks at 19 years. At first, it
decreases continuously from 3 years to 6 years then
increased appreciably from age 6.5 years to 19 years.
Median subscapular skinfold in girls first showed slight
decrease from 5.43 mm (3 years) to 5.41 mm (4.5 years),
then begins to increase from age 5 years, plateaus at 5
and 8.5 years and peak at 19 years. Ninety-seventh
percentile increased appreciably from 3 years and peak
at 19 years. It however, plateaus at young age (3 and 7
years).

Median suprailiac skinfold thickness for boys decreased
from 4.93 mm (3 years) to 4.76 mm (7.5 years), then
begins to increase appreciably from 4.77 mm (8 years) to
6.93 mm (19 years). It plateaus at age 11 and 13.5 years.
ninety-seventh percentile increased steadily from 3
years and peak at 19 years. Both median and 97th
percentiles for girls showed appreciable increase from 3
years (4.89 vs 7.48 mm) and peak at 19 years (11.84 vs
34.41 mm) respectively.

The skinfold thicknesses for individuals considered

underweight were in general, consistently lower across
ages, especially in girls. Figures 1 (A and B) gives the
comparison of biceps skinfold for underweight and
normal weight individuals for boys and girls
respectively. Comparison of 97th percentiles between
the underweight and normal weight showed that the
centiles for the underweight were far below that of their
normal weight counterparts for both sexes. The median
biceps skinfold for underweight boys was below the 25th
percentile for the normal weight while median
underweight for girls tracks slightly above the 25th
percentile for normal girls.

Figures 2 (C and D) compares triceps skinfold for
underweight and normal weight boys and girls. Median
triceps skinfold thickness for underweight boys and girls
are consistently below the 25th percentile of normal
weight individuals. The 97th percentile for boys
approximates the 75th percentile at several ages. At age
~ 14 years, the 97th percentile tracks upwards. The cause
of such deviation is not explained but less likely due to
artefact during smoothing process. In girls, the 97th
percentile also approximates the 75th percentile at early
age. At age ~ 11 years, the 97th percentile for the
underweight tracks steadily below the 75th percentile for
the normal weight. Again, although the reason for such
discrepancy is not explained, that it occurred in girls
suggests the tracking may more likely be empiric than
artefact during modelling.

The median subscapular skinfold thickness for
underweight boys approximates median skinfold for
normal weight (Figure 3E). The 97th percentile for
underweight individuals however tracks below 75th
percentile of the normal weight across all ages. In girls,
median subscapular skinfold for the underweight
approximates the 10th percentile for the normal weight
(Figure 3F). Ninety-seventh percentile for the
underweight approximates the 75th percentile from
lower age to = 9 years, it then consistently continues to
diverge below the 75th percentile of the normal weight
across the remaining ages.

The median suprailiac skinfold of underweight boys
(Figure 4G) was initially slightly above the 10th
percentile of the normal weight individuals at age 5 to
~11 years then approximates the 10thh percentile up to ~
16 years then continues tracking below the 10th
percentile. The 97th percentile for the underweight
diverges below 90thh percentile of those with normal
weight then continues slightly above the 75th percentile.
At= 16 years, it crosses the 75th percentile and continues
below it. In general, suprailiac skinfold percentiles
underweight and normal individuals didn't track
properly. In girls, median suprailiac skinfold thickness
of individuals identified as underweight was
consistently below the 10th percentile of girls with
normal weight (Figure 4H). The 97th percentile of the
underweight initially approximates the 75th percentile
of normal weight girls up to = 9 years, then begins to
track appreciably below the 75th percentile of normal
weight girls.

26 Journal of Anatomical Sciences 2021: Vol. 12 No. 1



Reference Ranges for Skinfold Thicknesses in Nigerian Children and Adolescents Aged 3 — 19 years

Bicep skinfold-for-age variables and percentiles by age and sex

Table 1
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Triceps skinfold-for-age variables and percentiles by age and sex

Table 2
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Reference Ranges for Skinfold Thicknesses in Nigerian Children and Adolescents Aged 3 — 19 years

Subscapular skinfold-for-age variables and percentiles by age and sex

Table 3
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Suprailiac skinfold-for-age variables and percentiles by age and sex
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Reference Ranges for Skinfold Thicknesses in Nigerian Children and Adolescents Aged 3 — 19 years
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Figure 1: Comparison of smoothed percentile curves of biceps skinfold-for-age curves for boys (A) and girls (B)
across age. Solid lines represent percentile curves for Nigerian children and adolescents; dotted lines are
corresponding curves for individuals classified as underweight [BMI (kg/m”) Z-score between < 2 and < 3] using
the 2007 WHO growth reference.
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Figure 2: Comparison of smoothed percentile curves of triceps skinfold-for-age curves for boys (C) and girls (D)
across age. Solid lines represent percentile curves for Nigerian children and adolescents; dotted lines are
corresponding curves for individuals classified as underweight [BMI (kg/m”) Z-score between < 2 and < 3] using
the 2007 WHO growth reference
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Figure 3: Comparison of smoothed percentile curves of subscapular skinfold-for-age curves for boys (E) and girls
(F) across age. Solid lines represent percentile curves for Nigerian children and adolescents; dotted lines are
corresponding curves for individuals classified as underweight [BMI (kg/m®) Z-score between < 2 and < 3] using
the 2007 WHO growth reference.
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Figure 4: Comparison of smoothed percentile curves of suprailiac skinfold-for-age curves for boys (G) and girls
(H) across age. Solid lines represent percentile curves for Nigerian children and adolescents; dotted lines are
corresponding curves for individuals classified as underweight [BMI (kg/m”) Z-score between < 2 and < 3] using the

2007 WHO growth reference.

DISCUSSION

This cross-sectional study is the first and largest to
present age- and sex-specific smoothed curves for
skinfold thickness percentiles based on randomly
selected sample of 6,909 children and adolescents aged
3 —19.49 years in Nasarawa State Nigeria. The study
provides a reference data for four skinfold thicknesses
and parameters for calculating their Z-scores and as a
simple and non-invasive means of estimating
subcutaneous adiposity in Nigerian children and
adolescents aged 3 — 19 years. Although BMI have been
routinely used to assess underweight, the percentile and
z-scores of skinfold thicknesses presented in this study
makes for improved understanding of both truncal (in
this case the subscapular and suprailiac) and peripheral
(the biceps and triceps) fat distribution. Skinfold
thickness and BMI percentiles have long been
recommended by the WHO for use globally as
indicators of nutritional status *. These percentiles
were generated based on US data. The WHO 2007
skinfold percentiles although developed from data from
other countries in addition to the US, only considers
children 3 — 60 months old. Potential problem and
weakness with the WHO published triceps and
subscapular skinfold percentiles include its
applicability to Nigerian population is unknown, its
ability to predict future health risk is not clear and no
specific recommendations were made for adolescent
skinfolds. Demographics, socioeconomics and cultural
practices are some factors responsible for variabilities
ofanthropometric variables across races.

We observe sexual dimorphism in biceps, triceps,
subscapular and suprailiac skinfold thicknesses.
Compared with other published references of skinfold
thicknesses, we found lower skinfold thicknesses from

[3.16,17,29,30]
our sample .

Both the percentiles and Z-scores generated from the
present study will enhance analyses of truncal and
peripheral distribution of subcutaneous fat. Skinfold
thicknesses while receiving considerable attention in
recent years, has not been widely adopted in selecting

31]

risk factors than BMI for children aged 4 — 9 years '
and the wide spread use of BMI expressions for
estimating percentage body fat in children than skinfold
thickness ", While skinfold thickness is an indicator of
whole-body adiposity and is sensitive to variations in
nutritional status "', a study found that BMI to correlate
with cardiovascular disease complications than
centralized deposition of body fat determined by
skinfold . Therefore, the choice of including both
BMI and skinfold thicknesses depends on what is being
assessed.

Bearing in mind that there is no national reference that
the current study can be compared to, data for the new
reference curves are generated based on careful
measurements of skinfold thickness with minimal
erroneous measurements. Training of research assistant
was performed prior to the commencement of the study
and comprised repetitive measurements of the same
participants by the research assistants until the
measurement procedures were standardized.
Therefore, high quality measurement is a sine qua non
for high intra-observer reliability and reliability of the
study outcomes. It is our hope that other investigators in
Nigeria willing to conduct studies on skinfold thickness
are encouraged to toe the line of high-quality control
during skinfold data collection.

No study has been conducted in Nigeria to assess these
four skinfold thicknesses and to establish their centile
patterns either at national, subnational or by
investigators. The skinfold Z-scores from this study
will ease age- and sex-specific comparisons by other
investigators. We have provided formula and the
various required L, M and S parameters in Tables 1 —4
for calculating the right age- and sex-specific skinfold
Z-scores. The Z-scores will indicate how many
standard deviations individual skinfold thickness is
from the mean in either positive or negative direction.

The skinfold reference data provided in this study
provide the prevailing skinfold thickness of children
and adolescents in Nasarawa State, Nigeria and should
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not be considered as standard of skinfold thickness or
growth standard of children in Nigeria since
participants were not recruited based on “optimal
conditions” such as healthy environmental conditions
rather the data should be considered as a reference for
future studies both in Nigeria and sub-Saharan Africa.
Needless to say, to our knowledge, study is one of the
first in Nigeria and sub-Saharan Africa to develop
centile curves for four skinfold thicknesses that adopts
a methodology in keeping with current
recommendations regarding sampling techniques and
curve fitting by the WHO . Without considering these
curves are based on children and adolescents from
Nigeria, we believe that they can also be useful in other
regional countries with similar sociodemographic and
economic settings.

Our results showed that only few individuals in the
present study were overweight and none were
identified as obese. Although obesity is a growing
global phenomenon "**"' as well as in many developing
countries ™" it seems that the double burden of
undernutrition and overnutrition problems is still not
the case in urban and rural settings of Nasarawa State.
Notwithstanding, as seen from Figures 1 — 4, the
median and 97th percentiles of subjects classified as
underweight by BMI criteria do not track properly and
in some instances the chart for the underweight crosses
that of normal weigh subjects. Therefore, the patterns of
median skinfold presented in this study are inadequate,
nevertheless to determine the cut-off point of skinfold
percentiles to accurately classify underweight in
children and adolescent should not be adopted for this
goal. Rather, to determine the maximum skinfold
percentile cut-points to classified underweight would
require another screening or diagnostic tool known as
the receiver operating characteristics or its proxy.

Major strengths of our study are its standardized
measurements, accommodation of wide age range,
relatively large sample size that results in curves with
stable extreme percentile. Unfortunately, some of the
limitations of our study include its use of cross-
sectional data collection and limited sample size.
Longitudinal data are more appropriate for determining
subcutaneous fat distribution in growing children than
cross-sectional as the former has the advantage of
showing changes in fat distribution during child growth
and development than the latter. The flexibility that
goes with Box-Cox Power transformation smoothing
techniques may lead to curves with slightly different
fitting based on the choice of parameters entered by the
investigator. In addition, data collection began at age 3
years, makes it impossible to capture changes in
skinfold thickness among younger children especially
for children under five years.

Further Research: Further research is needed to
determine the skinfold reference data at national,
geopolitical and state levels. Furthermore, further
research is needed to explore the use of skinfold

thicknesses for nutritional diagnosis of undernutrition
(perhaps due to food insecurity or crisis) among
children and adolescents and to investigate whether
adiposity assessed via skinfold thickness is an aetiology
of cardiovascular disease. This is so because effective
undernutrition prevention and treatment programmes
and efforts require reliable identification of the risk
population. Also, future research should investigate
plausible means of separating body mass from
subcutaneous fat distribution.

CONCLUSION

In conclusion, the present study provides for the first-
time age- and sex-specific standardized reference
percentile ranges and Z-scores for biceps, triceps,
subscapular and suprailiac skinfold thicknesses.
Because the reference centiles and parameters for
calculating the Z-scores were developed from data
collected from representative sample of children and
adolescents in Nigeria, they provide an essential
assessment tool and reference excerpt both locally and
to other sub-Saharan countries with similar cultural,
ethnic and sociodemographic settings to Nigeria.
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