Int. J. Curr. Res. Biosci. Plant Biol. (2019) 6(10), 11-21

EXCELLENT
PUBLISHERS

Volume 6 « Number 10 (October-2019) ¢ ISSN: 2349-8080 (Online)

International Journal of Current Research in

Biosciences and Plant Biology

Journal homepage: www.ijerbp.com

Review Article

doi: https://doi.org/10.20546/ijcrbp.2019.610.002

Human anthropometric values and societal factors - A review

Adamu Jibril Bamaiyi* and Kabiru Abdullahi Ladan

Department of Physiology, Faculty of Basic Medical Sciences, College of Health Sciences,

Usmanu Danfodiyo University, Sokoto, Nigeria

*Corresponding author; e-mail: adamu.jibril@udusok.edu.ng

Article Info

ABSTRACT

Date of Acceptance:
15 September 2019

Date of Publication:
06 October 2019

Keywords

Anthropometric index
Growth

Nutritional status
Society

Health workers

Anthropometric measurements have important applications in every aspect and stage of
the human life. It may be used to tell-tale the health or otherwise during pregnancy of the
mother and the unborn baby. During childhood, it can be used to measure growth, health
and nutritional status. In adult life, they may depict level of nourishment and may
connote some disease states. The records are required in drugs prescription and in
designing and choosing the right hospital equipment to use for a patient. Anthropometric
measurements are also required in the design of houses, human wears and most
industrial designs of products for human uses are based on average anthropometric
records of the particular society for which they are meant. A particular anthropometric
index however, may vary widely between apparently normal individuals of the same sex,
age and race when varying from one societal setting to the other and sometimes within
same society based on some factors. These differences often make it difficult to interpret
anthropometric measurements as normal or abnormal. What are the determinants of
these differences? How should these variations be managed by health workers and other
users? The present review intends to present some of these differences in various human
categories and suggest in a compact, yet comprehensive form, how to deal with these
differences in order to optimize the use of the records.

Introduction human body (WHO, 1995). Its measurements

comprise among others, height, weight, mid-upper
To date, anthropometric measurement is the arm circumference (MUAC), occipito-frontal
longest standing measurement of human circumference (OFC), body mass index (BMI) and

variations

(Ulijaszek and Komlos,

20009). body fat mass. Anthropometric records can be used

Although, only in the nineteen century was
anthropometric  measurements quantitatively
documented, the justification to recognize
variations in humans has existed and has being in
use since the existence of mankind (Ulijaszek and
Komlos, 2009). Anthropometric measurements are
easy, cheap, non-invasive, standard and acceptable
procedures for assessing the composition of the

to predict nutritional status, health and survival in
all human categories (WHO, 1995; Albulescu et al.
2012). Some anthropometric variables show
association between stability of physical traits and
personality of the individual (Carmen, 2012).
Moreover, designers and ergonomists also depend
on anthropometric values to design facilities for
the end users (Albin, 2013; Ismaila, 2009).
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The records can be used to evaluate nutritional
status and growth in children (Laghari and
Nizamani, 2009; WHO, 1995; Vickers and Stuart,
1943; Janssen et al. 2004). Maternal
anthropometry may predict her haemoglobin/
haematocrit levels in the third trimester of
pregnancy and it correlates with feto-maternal
outcome and infant morbidity and mortality
(Bamaiyi et al., 2013; Lawoyin, 1997). MUAC has
been reported to be strongly correlated with weight
among healthy non-pregnant women (Bamaiyi et
al., 2015). And when adjusted for age and sex, OFC
showed a positive correlation with brain volume
and cognitive functions (Rollins et al., 2010; Cooke
et al., 1977). However, this relationship rapidly
loses value with decrease in OFC during early
childhood (Vickers and Stuart, 1943).

While there are evidences that Body Mass Index
(BMI), an anthropometric index that is popular in
assessing weight for height, may be affected by age
and gender on one hand, ethnicity or race on the
other hand does not (Gallagher et al., 1996), it has
been shown in another study that race, economic
and dietary factors may interact to influence the
size of children (Vickers and Stuart, 1943).
Similarly, Lagiou and colleagues (2003) reported
that Chinese who migrated to USA are bigger and
their babies tend to have higher birth weight. To
this extent therefore, anthropometric results
requires careful interpretation from one society to
another or one economic class to another, as well
as in the same society, even though the outcomes
of subnormal anthropometries on morbidity and
mortality is well established (Grellety and Golden,
2016). It is therefore necessary that we ask the
question, what will be the criteria for deciding a
reference range for the normalcy of anthropo-
metric results for a specific group of apparently
healthy individuals?

The present review highlights some of the
variations that are obtained in otherwise normal
groups from some selected societal settings. In this
regard, some anthropometric variables in Nigeria
have been compared with some other countries
outside Africa to explore possibility of race and
environmental influences on the records (Vickers
and Stuart, 1943; Sengupta and Karmakar, 2007).
Similarly, variables from the northern and
southern Nigeria have been examined, because
these regions are distinct in many environmental

variables including, weather, level of education and
socio-economic status and may present with
differences in anthropometric characters (Bamaiyi
et al.,, 2016; Bharati et al., 2005; Pingle, 1984).
This review also discussed criteria that may be
used for this purpose, highlighting the pros and
cons.

Variations in anthropometric variables

A range of factors interact at various levels that
result in variation in anthropometric records
between societies even if they are of same race, sex
and age (Luke et al. 1997). To this extent, some
anthropometric variations have emerged following
the interactions of these factors giving a peculiar
phenotype and personality to some groups based
on some defined criteria (Carmen, 2012). It is
therefore necessary to recognize these differences
and when reference ranges for anthropometric
variables are made for a particular society or
group, it should be done to accommodate their
peculiarities. Besides, global westernization with
its associated awareness and improved health
education might have aided consciousness in the
body look, necessitating reconsideration of
anthropometric reference ranges. In the present
review, some anthropometric variables were
compared between three different populations; a
developed country and two different geo-political
regions within Nigeria (a developing country).
These are as shown in Figs. 1-3.

Anthropometric Variables as Indices of
Well-Being/Diseases at Various Stages of
Development

1. During pregnancy

Weight gain: A progressive and optimum weight
gain in pregnancy is not only an indication of the
normalcy of a pregnancy but it may be a fortune
teller on other parameters in pregnancy (Godhia et
al., 2012; Deval et al., 2011; WHO, 2001; Lawoyin,
1997). Whether the weight gain is appropriate or
not may also predict pregnancy outcomes, such as
birth weight, risk of pre-term birth and some
disease condition later during adult life of the
foetus (McDonald et al.,, 2010; Lawoyin, 1997;
Calkins and Devaskar, 2011). Nevertheless, the
values of weekly weight gains considered as normal
may vary when varying from one population of
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pregnant women to another and even among
pregnant women considered as similar (Galjaard et
al. 2013). Some examples are shown in Fig. 1a
below.
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Fig. 1a: Average weight gains in pregnancy (Bamaiyi et
al. 2013; Lawoyin, 1991, Borton, 2009)

BMI: This is a more acceptable measure of obesity
by the World Health Organization (WHO) and the
Institute of Medicine (IOM) (Monte et al. 2011).
BMI values in pregnancy are not only associated
with feto-maternal outcomes but may account for
metabolic diseases in the child in future or what is
regarded as fetal origin of adult diseases
hypothesis of Barker (Calkins and Devaskar, 2011).
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Fig. 1b: Prevalence of obesity in pregnancy (Bamaiyi
et al., 2015; Chigbu and Aja, 2011; Morgan et al., 2014).

Moreover, a systematic review and meta-analyses
have shown that the effects of BMI on pregnancy
outcomes showed variations between developed
and developing countries (McDonald et al. 2010).
As important as this anthropometric variable is in
pregnancy, it is obvious that what is a normal
record in one setting may not be absolutely so in
another category of pregnant women (Monte et al.,

2011; Rasmussen and Yaktine, 2009; Leddy et al.,
2008; Ricalde et al., 1998). See some variations
studied in apparently normal pregnant women in
Fig. 1b.

MUAC: This is the anthropometric variable of
choice for determining womenat risk during
pregnancy (Ververs et al., 2013; Ricalde et al.,
1998). Because it is relatively stable during
pregnancy and it represents the woman’s fat and
lean body mass (WHO, 1991; Bamaiyi et al., 2013).
However, Ververs and colleagues (2013) observed
that pregnant adolescents because of difference in
physiology compared to older women, may have
different MUAC and they also observed that
variations may be observed when varying from one
country to another. Some of these variations
examined are shown in Fig. 1c below.
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Fig. 1c: Average MUAC in pregnancy (Okereke et al.
2013; Bamaiyi et al. 2013; Recalde et al. 1998)

2. During childhood

Weight: This is a good parameter of evaluating
growth and nutritional status during childhood
(Ulijaszek and Komlos, 2009). Similarly, birth
weight is an important factor associated with child
morbidity and mortality as well as organic diseases
during the child’s adult life (Calkins and Devaskar,
2011). It is also a vital instrument for assessing the
health care delivery system of a nation (Onankpa et
al., 2006). Meanwhile, significant differences in
normal weights at birth and weights during
childhood were observed across races in a study
carried out by Wilcox and colleagues (1993).
Moreover, within Nigeria it was for instance
reported that normal child birth weights also vary
from one geo-political region or ethnicity to
another (Patwari et al., 1988; Onankpa et al.,
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2006). These disparities may not be unconnected
with differences in sex of the babies, maternal race
and age, smoking habits, alcohol consumption,
presence of gestational diabetes and socio-
economic status (Amini et al., 1994; Onankpa et
al., 2006; Ndu et al., 2014; Wilcox et al., 1993).
Some birth weights variations studied are as shown
in Fig. 2a below.
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Fig. 2a: Average birth weights (Onankpa et al., 2006;
Olusanya, 2013; Kramer et al., 2001).

Southern Nigeria Canada

Birth length and child height: The neonate’s
birth length like some other anthropometric
measurements correlates with birth weights.
Suboptimum values therefore may account for
prevalence of childhood morbidity and mortality
(Mutihir and Pam, 2006; Onankpa et al., 2006).
Similarly, the child’s height for age pattern is
considered as road to health. Nevertheless, the
value varies according to the environmental,
genetic and epigenetic factors around the any
particular child. Therefore, a single harmonized
value is difficult to arrive at; necessitating setting
normal reference ranges that fit into different
groups. A few variations in different settings have
been compared here and presented in Fig. 2b.
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Fig. 2b: Average birth lengths (Mutihir and Pam, 2006;
Oluwafemi et al., 2013; WHO, 2014).
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OFC: Although its application is limited as a child
grows (Vickers and Stuart, 1943), it is a surrogate
for birth weight (Jonathan et al., 2010). It also
correlates with brain weight and intelligence
quotient (IQ) (Silventoinen et al., 2012; Jonathan
et al., 2010; Cooke et al., 1977). Nevertheless, what
is considered as normal reference range for this
important anthropometric measurement has a very
wide range, as one moves from one human
category to another. Therefore, some models in
earlier studies have been compared and shown in
Fig. 2¢c below.
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Fig. 2¢: Average OFCs at birth (Patwari et al. 1988;
Ndu et al., 2014; CDC, 2001).

MUAC at birth: This is a reflection of maternal
nutrition and anthropometry during pregnancy
(Bob-Manuel and Udoaka, 2008). Although, a
study by Dairo and colleagues (2012) reported that
this is not completely valid. The latter study also
suggested expanding the normal reference range
for MUAC of children to improve its validity.
During childhood, MUAC connote nutritional
status and health status of the child (Bamaiyi et al.,
2015). Some variations in the normal values of
MUAC of neonates at birth have been reviewed and
are presented in Fig. 2d below.
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Fig. 2d: Average MUACs at birth (Eregie, 1991; Achebe
et al., 2014; Figueira and Segre, 2004).

A.J.Bamaiyi and K. A. Ladan (2019) / Human anthropometric values and societal factors - A review 14



Int. J. Curr. Res. Biosci. Plant Biol. (2019) 6(10), 11-21

3. During adulthood

It is important to note that most anthropometric
measurements in  adults exhibit  sexual
dimorphism. To this extent, both male and female
values are presented here separately.

Weight and height: The weight or height as a
measure of anthropometry in the adults is better
presented together, in an index known as body
mass index (BMI= weight/height x height, kg/m?2).
BMI is used to determine risks of organic diseases
like hypertension, type II diabetes and
dyslipidaemia and to  project mortality
(Chittawatanarat et al., 2011; Calle et al., 1999).
The average adult weight or height for a particular
setting is determined by a number of prevalent
factors in such setting. Therefore, socially and
economically stable societies interacting with
genetic and epigenetic factors will have individuals
well-nourished to attain their full growth
potentials, compared to societies that are
characterized by poverty and infectious disease
conditions which will result in stunted growth.

Often, these modifications in the phenotype
stabilize to become a physical trait. In this regard,
the mean values of weights and heights in
apparently normal adults vary from one setting to
another and sometimes within a setting due to
variations in some well-defined confounders. The
present review has verified some of the variations
in the weight and height in apparently normal
subjects and compared these among values
obtained in different settings and are presented in
Figs. 3a and 3b below.
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Fig. 3a: Average adult weights (Ekedigwe et al., 2014;
Algiri et al., 2008; Fryar et al., 2012).

2.5 -

Heights (m) H Male

M Female

Northern Nigeria  Southern Nigeria USA
Fig. 3b: Average adult height (Ekedigwe et al., 2014;
Algiri et al., 2008; Fryar et al., 2012).

Body fat mass index (BFMI): This
anthropometric index may serve as surrogate for
BMI in evaluating risks of diseases of metabolic
syndrome and the associated mortalities (Calle et
al., 1999; Schutz et al., 2002). However, what can
be considered as normal will depend on the sex,
and age of an individual (Olorunshola et al., 2013;
Luke et al., 1997; Schutz et al., 2002). Moreover,
people of same sex and age have been found to
exhibit wide range of values outside what some
reports have set as normal reference ranges, as a
result of interactions of some factors. Some of the
variations obtained in different settings in previous
studies are presented in Fig. 3¢ below.
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Fig. 3c: Average body fat mass indexes (FMI)
(Olorunshola et al., 2013; Luke et al., 1997; Schutz et al.,
2002).

Foot length: The foot length can be used to
predict the hand length and it correlates well with
the stature of an adult individual (Danborno and
Elukpo, 2008; Krishan and Kanchan, 2013; Pawar
and Pawar, 2012). This measurement is important
in reconstructive surgeries, design of footwears
and of other appliances where the length of the
foot requires to be known (Ismaila, 2009, Pawar
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and Pawar, 2012). The average foot lengths in
apparently normal people of different settings
show variations and have been documented in
some previous studies (Fig. 3d).
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Fig. 3d: Average adult foot lengths (Danborno and
Elukpo, 2008; Ismaila, 2009; Pawar and Pawar, 2012).

Waist circumference: It is increased with
increase in body adipose tissues and correlates with
BMI (Adamu et al.,, 2013; Chinedu et al., 2013).
Waist circumference is considered an obligatory
component in defining metabolic syndrome (Ghazali
and Sanusi, 2010) and its inclusion in routine
general medical examination has been advocated
(Ford et al., 2014; Ghazali and Sanusi, 2010). Yet,
what is considered normal reference values varies
from one setting to the other. Some of the waist
circumferences studied is as shown in Fig. 3e.
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Fig. 3e: Average adult waist circumferences (Adamu et
al., 2013; Chinedu et al., 2013; Ford et al., 2014).

Determinants of variations in anthropo-
metric values in different societal settings

While it is clear that anthropometric
measurements may tell-tale the health conditions
of an individual, sub-optimum values obtained

sometimes are not necessarily due to disease or
deficiency conditions. But they might have arisen
because of the interplay of factors around such
person and then stabilized in the phenotype (Wang
et al., 2006; Wang and Chen, 2012). The intensities
of the factors that could affect anthropometric
characters are not uniform across the world nor
are they the same in a given society. In this regard,
in apparently normal persons the anthropometric
records obtained will be a product of the
interactions of the determining factors. The
following are some of the factors that may
determine the  differences observed in
anthropometric variables:

Gender

Many anthropometric variables, especially in
adults display sexual dimorphism (Olorunshola et
al., 2013). Thus, under similar conditions, male
features are often found to be longer, heavier and
wider than their female counterparts (Ekedigwe et
al., 2014; Fryar et al, 2012). Relethford and
colleagues (1980), also found in a study conducted
in Ireland that environmental variations influence
the anthropometric characters of the female
participants more than their male counterparts.

Genetic factors

The phenotype of human body is a product of the
interactions between the genetical make-up and
environment factors (Silventoinen et al., 2012;
Pingle, 1984; Relethford, 1988; Sengupta and
Karmakar, 2007; Balgir, 2003). Moreover, a study
among twins in Minnesota, showed a consistent
correlation between height and OFC and intelligent
quotient (IQ) and it was explained to be due to the
common genetical factors (Silventoinen et al.,
2012).

Geographic location

A geographic setting describes a collection of a
particular population in a location that has some
factors influencing them in common. The factors
together act to influence their body composition
and will confer on them some anthropometric
records which will be at variance with those who
are not from same geographic location with them
(Bharati et al., 2005).
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Environmental factors

The environment, which include accessibilities to
nutrition and modern day technology which
determine growth rate and calories use,
respectively may account for the variations in the
anthropometric characteristics recorded as one
moves from one setting to another (Sengupta and
Karmakar, 2007). To this extent, it was reported
that inter-settlements migrations caused a
reduction in variations in anthropometric variables
between different environments in a study carried
out in Ireland (Relethford et al., 1980; Lagiou
et al., 2003).

Climatic factors

The appearance of the human body is a reflection
of the evolutionary adaptations which were
inculcated over time in order to adjust to the
climatic conditions of where the individual is found
(Adak, 2004). Thus, annual rain intensity, degree
of humidity, altitude and temperature will all entail
human adjustments and will affect the appearance
of the individual that may eventually stabilize into
his/her anthropometric records (Bharati et al.,
2004; Pingle, 1984; Relethford, 1988; Sengupta
and Karmakar, 2007; Balgir, 2003; Adak, 2004).

Anthropometric cut-off points in the light of
accommodating more normal variants and
enhancing user friendliness

Reports have shown that normal variants in
anthropometric records occur on a wide range of
values. Although it is a lot easier to choose a global
cut-off point for anthropometric variables that may
be used to compare records around the world
(Wang and Chen, 2012), but it must be considered
that this may ‘short-change’ some normal variants
who had arisen from adaptations that have
stabilized overtime, due to interactions of some
determining factors around them (Carmen, 2012).
It is also important to acknowledge that the need
to understand the implications of the records
should consider other users and not only among
the statisticians.

Anthropometric records are meant to show
associations not causations to the health or disease
status of individuals (Wang and Chen, 2012; Kuhle
et al. 2015). Therefore, to accommodate the

disparate nature of factors that determine the
records between and within societal settings
coupled with the current trends of changes in
anthropometry in human concomitant with
urbanization in the developing countries,
adjustment in reference cut-off points for
anthropometric variables is due (Dairo et al., 2012;
Wang and Chen, 2012).

Percentiles and Z-scores are the most popular
statistical tools used in expressing reference cut-off
points in anthropometric measurements (Wang
and Chen, 2012). While the Z-scores has the merits
of being handy in handling different variables
among different ages and sex, it may not be
understood easily by the wider public and it is not
a popular tool among clinical users (Wang and
Chen, 2012; Bowman, 2002). The percentile ranks
on the other hand, may require drawing different
population distribution curves for different
variables, ages and sex and therefore lack the
brevity of Z-scores, so it is not popular among
statisticians. The percentiles ranks however, is
easily understood by the public and more
acceptable in the clinical setting (Wang and Chen,
2012). Moreover, the percentiles distribution
curves are based on normal distributions. The Z-
scores values estimate the number of standard
deviations (SD) and the directions (positive or
negative) a particular variable is away from the
population’s mean value, and may therefore be
derived from the percentile distribution curve
around the peak/mean/zero point of the curve
(Wang and Chen, 2012). The percentile to use
however should be guided by the purpose of the
study. In this regard, epidemiological reports may
consider higher percentiles such as 97.7th to g5th
and when disease risk estimation is sought, a more
conservative percentile of <95t may be considered.
It is also important to note that for every percentile
on a normal population distribution curve (which
enhances the understanding), there is a predictable
value corresponding to Z-scores value for it(Wang
and Chen, 2012; Bowman, 2002).

Conclusion

The  present review compared  human
anthropometric values between Northern and
Southern Nigeria and compared these with those
of an advanced country to explain the extent of
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variations. The review also emphasis the need to
expand reference ranges for anthropometric
variables. And it was further suggested the use of
percentile ranks to set cut-off points, because of its
user friendliness and wider conversance.
Furthermore, it has been explained in the review
that the percentile to choose should be dictated by
the purpose of the study (epidemiological study or
risk stratification) (Kuhle et al., 2015). To this
extent, the reference ranges for anthropometric
variables need to be expanded to accommodate the
many disparate normal variants as we hover
between different societal settings. It is also
noteworthy to emphasize that the problem with
‘abnormal’ anthropometric records is not in the
phenotype itself, instead it is the consequence.
Therefore, the range of values that result in
untoward consequences in a scientifically
significant portion of the population under
consideration may be considered as abnormal for
such population.
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