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Abstract

Background—There are few data describing the relative height and weight patterns of children
and adolescents in rural Nigeria, despite a prevalence of stunting of over 38% among children
younger than five years.

Aim—To document the height and weight patterns relative to international standards among
children and adolescents aged 5 to 20 years in rural Nigeria.

Subjects and methods—Children 5 to 20 years of age were enrolled from two rural villages.
Height and weight were measured; body composition was estimated using bioelectrical impedance
analysis. Z-scores and centiles for height and body mass index were calculated; prevalences of low
relative height (ie, > 2 standard deviations below mean for age and sex) and weight by sex and age
were estimated.

Results—A total of 623 participants (326 male and 297 female) were enrolled. The mean height-
for-age z-score for males younger than 19 years was —2.1 and prevalence of low relative height
was 50%. Among females, the mean height-for-age z-score was —1.2 during adolescence; only
15% of adolescent females were of low relative height. Based on BMI-for-age, 37% of the
adolescent males and 23% of females were underweight. No children or adolescents were
overweight based on BMI-for-age.

Conclusions—Low relative height and underweight occur in a large proportion of children and
adolescents in rural Nigeria, with the lowest relative heights and weights occurring in mid-
adolescence and among males.
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Introduction

It is estimated that worldwide more than 200 million children under 5 years old are stunted,
i.e., height more than two standard deviations below an accepted reference standard
(Frongillo, 1999). Stunting is most commaonly the result of protracted undernutrition often in
combination with frequent infections and diarrhea (Allen, 1994). Linear growth faltering
early in life has been linked to functional disadvantages such as poor cognitive and school
performance (Mendez & Adair, 1999; Walker et al, 2000) and relatively poor reproductive
outcomes later in life (Neumann & Harrison, 1994). Due to the associated reduction in years
of schooling (Victora et al, 2003) as well as the decreased learning per year in school
(Glewwe et al, 2001; Walker et al, 2005), significant losses in adult income have been
reported (Grantham-McGregor et al, 2007). As expected, stunting and related consequences
are most prevalent in developing countries (Frongillo, 1999).

National and international surveillance of stunting has tended to focus on early childhood,
i.e., 5 years of age and younger. While patterns of stunting, as well as the potential for catch-
up growth, are established early in life (Martorell et al, 1994b; Shrimpton et al, 2001),
faltering of linear growth among adolescents has been documented in populations of sub-
Saharan Africa, including South Africa (Cameron et al, 1994; Richardson, 1977), Senegal
(Simondon et al, 1997; Simondon et al, 1998), Kenya (Leenstra et al, 2005) and Tanzania
(Lwambo et al, 2000). A similar growth pattern was evident in each of these countries
whereby increasingly negative z-scores in height-for-age were recorded into the teen years.
Girls appeared to reach a nadir in relative height-for-age at 12—-13 years; boys at age 15-16
(Cameron et al, 1994; Leenstra et al, 2005; Lwambo et al, 2000; Simondon et al, 1998).
There typically followed a delayed and prolonged increase in height, termed “compensatory
growth” by Cameron et al. resulting in adult heights that were not dramatically different
from international means (Cameron, 1991). The concept of compensatory growth implies
that the delay in linear growth observed among adolescents of developing countries is a
long-term adaptation to the environment rather than the result of a change in diet or illness
status (Cameron et al, 1994), whereas the phrase “catch-up growth” indicates that an
acknowledged deficit has been corrected and the child has regained a normal growth
trajectory.

Nigeria is the most populous African country with an estimated population of more than 140
million (Secretariat, 2008) and a reported prevalence of stunting in children under 5 years of
age of 38.3% (National Population Commission (NPC) [Nigeria] and ORC Macro, 2004).
The Nigeria Demographic and Health Survey documented significant regional variation in
stunting, ranging from 19.7% in the southeast to 55.3% in the northwest (National
Population Commission (NPC) [Nigeria] and ORC Macro, 2004). Higher rates were
observed among rural children and the urban poor, whereas height among privileged school-
aged children in urban areas did not differ from international means (Janes, 1974; Walker et
al, 1996).

As in many developing countries, there is a need to document the health and nutrition status
across the lifespan of Nigerians in order to provide the basis for future policy decisions
regarding allocation of health care resources. Adolescents are frequently left out of the data
mix as they typically are assumed to be healthy relative to more vulnerable age groups
(Blum, 1991; Paxman & Zuckerman, 1987; Senderowitz, 1995). To date, there are few
anthropometric data available for adolescents or young adults in Nigeria and no studies on
relative height and weight for this age range. As a component of the International
Collaborative Study of Hypertension in Blacks, we have previously reported anthropometric
measurements in adults from Nigeria in relation to other populations of African origin
(Rotimi et al, 1995); we have not, however, presented data for children and adolescents. In
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this report, we present anthropometric and body composition data for children, adolescents
and young adults of rural southwestern Nigeria and compare these data against international
references (Centers for Disease Control and Prevention (CDC) & National Center for Health
Statistics (NCHS), 1996; Kuczmarski et al, 2000).

This study was conducted in two communities in rural southwestern Nigeria, Igbo-Ora and
Idere, in which the predominant ethnic group is Yoruba. Igho-Ora and Idere are the two
main towns in Ibarapa Central Local Government Area of Oyo State and have a combined
estimated population of 67,000. The primary source of income for most of the residents is
the production and trade of agricultural products (Salami et al, 2003). Settlement patterns
are based around extended family compounds of about 150 residents, which in turn are
grouped into quarters associated with different founding ancestors. The local diet is based
around starches, primarily cassava but also yam, which are both processed in various forms.
A maize porridge, eko, is the basic weaning food and is often consumed by all ages for
breakfast (Brieger, 1985).

The participants in the present study were recruited and enrolled in the Study of
Hypertension in Populations of West African Origin (HL45508), a multi-site survey on
hypertension and its associated risk factors (Cooper et al, 1997). Recruitment was based on
compound-to-compound canvassing by local staff members. All families in Igho-Ora and
Idere with members of at least two generations available for measurement were invited to
participate in the baseline survey. In the longitudinal component of the baseline survey,
individuals and their family members, aged 14 years and older, had blood pressure and
anthropometrics measured at baseline, with plans to re-examine them bi-annually. Children
younger than 14 years were enrolled in a separate survey of body composition and insulin
sensitivity; blood pressure and anthropometrics were measured using the same protocol as
the larger family study (data unpublished). For the present analyses, data from the surveys of
participants between the ages of 5 and 30 years were included. The protocols were reviewed
and approved by the Ethics Committee of University College Hospital in Ibadan, Nigeria,
and the Institutional Review Board of Loyola University, Maywood, IL, USA. The studies
were explained in the Yoruba language, and informed consent was obtained from all
participants. Parental consent and verbal assent from the child was obtained for children
younger than 18 years.

Anthropometric measurements

Participants arrived at the clinic in Igbo-Ora between 7:00 a.m. and 8:00 a.m. having fasted
from at least 10:00 p.m. the previous evening. Weight was measured to the nearest 0.1 kg on
a calibrated beam balance (Health-O-Meter, Bridgeview, IL, USA) while participants were
shoeless and wearing light clothing. Height was measured to the nearest 0.1 ¢cm using a
metal tape measure attached to a vertical wall with a wooden headboard. Body mass index
(BMI) was calculated as weight in kilograms divided by height squared in meters.

Body composition, i.e., fat-free mass and fat mass, was estimated using bioelectrical
impedance analysis. A tetrapolar placement of electrodes was used, with current electrodes
placed on the dorsal surfaces of the right hand and foot at the distal metacarpals and
metatarsals, respectively, and the detector electrodes placed at the pisiform prominence of
the right wrist and at the anterior surface of the true ankle joint (Lukaski & Bolonchuk,
1988). Total body water was calculated using an equation developed and validated in this
sample (Leman et al, 2003). Fat-free mass (FFM) was calculated by dividing total body
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water by an age-specific hydration factor (Fomon et al, 1982; Wang et al, 1999). Fat mass
was calculated as the difference between body weight and FFM.

Statistical analysis

Results

Means and standard deviations were calculated for all anthropometric variables by age and
sex. Differences between the sexes were assessed for significance by two-tailed t-tests.
Participant height-for-age and BMI-for-age centiles and associated z-scores were calculated
for participants 5 to 20 years of age based on standards from the National Center for Health
Statistics and the World Health Organization (NCHS/WHO) (Kuczmarski et al, 2000) using
EPI Info 2000 (Dean, 1999). Z-scores were calculated for participants between 21 and 30
years of age using the age- and sex-specific means and standard deviations for height and
BMI for African Americans from the National Health and Nutrition Examination Survey
(NHANES) 111 (Centers for Disease Control and Prevention (CDC) & National Center for
Health Statistics (NCHS), 1996). Statistical significance was defined as p<0.05.

A total of 623 children and adolescents, 326 males and 297 females aged 5 to 20 years, were
recruited from the villages of Igbo-Ora and Idere. As all of the children were from the
Yoruba ethnic group, the examinations were conducted in the local language. An additional
125 men and 111 women from the parent study, between the ages of 21 and 30 years, were
included in order to extend the analysis of height and BMI into young adulthood. The
characteristics of the participants are presented in Table 1 by age group and sex. As can be
observed, until the age of 13 years there were few differences in mean height, weight, BMI
or body composition between the sexes. Between the ages of 13 and 16 years, females were
taller, weighed more and had higher body fat levels. While the males surpassed the females
in height by 17-18 years of age, weights were comparable as adults, and the females
continued to have significantly higher mean body fat levels.

Data in Table 2 suggest that height stagnated in the teen years for both the males and
females, with greater deficits relative to NCHS/WHO standards observed among the males.
Mean height-for-age among males was between the 171" and 25™ percentile of NCHS/WHO
standards until the age of 11. At this age, it dropped to below the 51 percentile and did not
increase to prior levels until the late teens. This pattern was mirrored in the mean z-scores
across the age groups, being less than —2.0 between the ages of 11 and 18 in the males.
Although the mean difference between measured height and international standards
decreased after the age of 18 (mean difference of 7.4 cm), Nigerian males were much shorter
than African-American males, as represented by NHANES |11 data, even in young
adulthood (Figure 1). Height in the females remained, for the most part, between the 20-25t
percentiles of the NCHS/WHO standards from 5 to 18 years, although a nadir was reached
between 13-14 years (Table 2). The mean adult heights of the female participants,
particularly after 25 years of age, were not different from NHANES 111 standards (Figure 2).

With stunting defined as having a z-score for height of <—2.0, more than 60% of the males
between the ages of 13 and 16 years could be considered stunted; yet, only 12% of the adult
males between 21 and 30 years had heights more than 2 standard deviations below the
reference mean (Table 3). A similar, though less striking pattern of low relative height was
observed in the females with less than 5% being more than two standard deviations below
the mean height-for-age in young adulthood—a proportion similar to that of the US. These
data suggest that the males in rural southwestern Nigeria experience puberty-related growth
quite late in adolescence relative to the pattern observed in the West.
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Among the males, BMI-for-age relative to NCHS/WHO standards did not exhibit as great a
variation as height, with the mean z-score for BMI-for-age staying between —1 and —1.8,
again with the lowest z-scores being between 13 and 18 years (Table 2). BMI was lower
relative to standards for the females during the early teen years, catching up in the late teens
and early adulthood. However, if underweight is defined as having a BMI-for-age z-score of
<-2, arelatively high proportion of the participants in the present study were underweight in
adolescence (Table 3). The prevalence of underweight peaked at 36.8% among the males at
13-14 years of age and at 22.7% among the girls at 11-12 years of age. Although a
relatively large percentage of participants were underweight as defined by BMI-for-age,
average % body fat was not excessively low in either males or females at any age (Table 1).

Fifteen percent of the adults had BMI's less than 18.5, indicating some level of chronic
energy deficiency (James et al, 1988). However, most of the BMI's in this group fell
between 17.5 and 18.4. Only 4.3% of the adult sample had BMI's less than 17.5, indicating
moderate chronic energy deficiency, and none had a BMI z-score of <—2 relative to
NHANES I11. None of the children under 20 years of age were overweight or obese (Cole et
al, 2000). However, 4% of the young adult males and 15.3% of the adult females were
overweight (BMI = 25 and < 30), and 0% and 5.4%, respectively, were obese (BMI > 30).

Discussion

Children in rural southwestern Nigeria exhibited substantially shorter height compared to
reference means as well as a relatively high degree of underweight in childhood, reaching
the greatest prevalences in the adolescent years. The males continued to be shorter than
African-American males up until the late teens and into their early 20's. By young
adulthood, however, the entire deficit in height among the females and much of that in the
males had been recovered. While heights of more than two standard deviations below the
age-specific reference means occurred in over 60% of the boys and 35% of the girls aged 13
to 14 years, less than 10% would be considered ‘short’ as young adults. Although it was not
possible to estimate peak height velocity from these cross-sectional data, it appeared that
linear growth began to increase around 13 to 14 years of age in females and 16 to 17 years in
males. The average z-score of BMI-for-age was consistently lower than standards in both
males and females, but did not exhibit a faltering pattern as striking as that observed for
height. By young adulthood there was a relatively low prevalence of underweight, or chronic
energy deficiency as defined by BMI cut points, combined with an almost equal rate of
overweight.

The patterns of low relative height and underweight documented in these rural Yoruba
children and adolescents appear to be generalized phenomena in sub-Saharan Africa and
have been reported among other rural and/or economically disadvantaged population
samples (Cameron, 1991; Cameron et al, 1994; Cameron et al, 1992; Jooste et al, 1997;
Lwambo et al, 2000; Neumann & Harrison, 1994; Oyemade et al, 1981; Prazuck et al, 1989;
Richardson, 1977; Simondon et al, 1997; Stoltzfus et al, 1997; Walker et al, 1996). The
lowest mean height-for-age z-scores consistently occurred during adolescence, between 14
and 17 years, with males exhibiting greater degrees of growth faltering and delayed
compensatory growth. The etiology of the linear growth faltering observed in sub-Saharan
adolescents is unclear, though the combination of poor nutrition and recurrent infection is
most often cited as the primary cause among young children (Cole, 2000; Martorell et al,
1994a). Malaria and helminth infections and anemia from either nutritional or infectious
causes are common in the children of sub-Saharan Africa (Abioye-Kuteyi et al, 1997;
Beasley et al, 2002; Hautvast et al, 2000; Lwambo et al, 2000; Stoltzfus et al, 1997).
Although the home environment for most children does not overtly change as they enter
their teens, and the risk of infection remains high, the allocation and consumption of foods
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in households is likely modified as children increase in age and are more capable of
procuring their own foods (Brieger, 1997). In the communities of Igbo-Ora and Idere, only
about one-third of secondary school-aged children attend school; the remainder are
apprentices in various trades, laborers, traders, farmers or drivers (Brieger, 1997). By their
mid- to late-teens, some of these youths would have access to cash while others would still
be dependent upon their families or employers for food or money for food.

Based on the prevalences of low relative height and underweight in these communities, the
quantity and/or quality of energy and nutrient supplies available to younger children appear
limited; whether this is due to economics or cultural practices is unknown. The fact that a
smaller proportion of adults, especially women, were underweight compared to the children
suggests that cultural dietary practices including mother-child interaction, length of breast-
feeding and post-lactation childcare may contribute to delayed growth (Cole, 2000).
Historically, children tend to follow the international growth standards during breastfeeding
but begin to falter upon weaning (Martorell et al, 1994a). The primary weaning food in this
region is eko, a maize porridge of relatively low nutrient density. After weaning, the main
energy sources for all ages are cassava, yam, rice, and beans (Erinoso et al, 1992). Animal
protein, including milk, is relatively limited particularly for children. Based on focus groups
held among parents in the villages, it is commonly believed that meat fed to young children
will induce them to become thieves (Salami, personal communication). In addition to a low
protein diet, 24-hour dietary recall data from our group indicated a very limited variety in
the foodstuffs available to most people. Limited variety in the diet is potentially associated
with micronutrient deficiencies and, when combined with a low intake of protein-rich foods
and milk, could negatively impact growth (Jooste et al, 1997).

In contrast to reports of very delayed menarche among stunted and underweight females in
Senegal (Simondon et al, 1997), several studies conducted amongst the Yoruba indicated
that menarche may not be significantly different from international means, with the average
age being 13.6 years (Abioye-Kuteyi et al, 1997; Fakeye & Adegoke, 1994; Odujinrin &
Ekunwe, 1991; Thomas et al, 1990). It is about this age that the difference in height between
international standards and the girls in the present study begin to diminish. We did not
collect data on puberty status due to cultural sensitivities and this is a limitation of the
present study. It is likely that the late increase in height among the males may be due to
delayed puberty. Zinc nutriture has a relatively sex-specific effect on maturation, with males
being more negatively impacted by deficiency than females (Allen, 1994; Prasad, 1967).
The best sources of zinc in an omnivore's diet are animal proteins.

Clearly, increased availability of foods and health services afforded by improved economic
conditions impacts the nutritional status of children. As early as the 1960's, differences in
growth were noted between advantaged and disadvantaged children in Nigeria (Janes, 1970).
In 1974 Janes described a significant degree of stunting among poor urban children in
southwest Nigeria while the growth curves of “elite” urban children did not differ from
British Tanner growth charts (Janes, 1974). The same positive impact of improved social
and economic status on the health and growth characteristics in African youths has been
reported more recently. In Ibadan, Nigeria, low heights and weights relative to NCHS/WHO
standards were found among rural and poor urban schoolchildren while comparable values
were recorded among the middle and upper classes (Walker et al, 1996). Likewise, in South
Africa “normal” growth curves were demonstrated among children of the black elite
(Cameron et al, 1992).

The slow growth and development of the children, adolescents and young adults in rural
southwest Nigeria may represent an adaptation to the relatively poor nutritional
environment, typified by low nutrient-dense carbohydrates, small amounts of animal protein
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and very little variety of foodstuffs. Preliminary data suggest that dietary patterns may
change in the early teen years to increase the protein intake of young adolescents. It may be
that with or without a change in diet, the increased hormones in adolescence combine with
increased sensitivity at target sites to overcome the adverse environment and allow more
complete expression of genes dictating adult stature (Cameron et al, 1994). It is also quite
possible that these patterns of height and weight represent the natural history of growth and
development in these populations, rather than a pathological state.

The relatively better performance of females with respect to height and weight in the early
years may be indicative of the child rearing practices in southwestern Nigeria. Even though
male children are culturally preferred over females (Akande, 1989), these data could suggest
that this preference does not translate into selective ‘over-feeding’ of the males compared to
the females. It may be that female children tend to be trained by their mothers, especially in
the kitchen, and simply have more access food.

In conclusion, there was a substantial prevalence of low relative height and low relative
body mass among adolescents in rural southwestern Nigeria. These conditions were more
severe in males than females. Based on these cross-sectional data, it appeared that
compensatory growth occurred in late adolescence so that young adults were close to mean
heights and weights of African Americans. More data are needed in order to determine the
etiology of growth faltering in adolescence and its impact on future health.
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Figure 1.

Mean (+ SD) difference between male participants' measured height and mean reference
standard of height-for-age. For participants aged 5 20 years, the reference standard was
CDC/NCHS sex-specific height-for-age standards (reference); for participants 21 30 years,
the reference standard was the National Health and Nutrition Examination Survey 111 age-
and sex-specific height standards for African-Americans (reference).
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Figure 2.

Mean (+ SD) difference between female participants' measured height and mean reference
standard of height-for-age. For participants aged 5 20 years, the reference standard was
CDC/NCHS sex-specific height-for-age standards (reference); for participants 21 30 years,
the reference standard was the National Health and Nutrition Examination Survey 111 age-
and sex-specific height standards for African-Americans (reference).
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Height & Body Mass Index Compared to Standards* by Sex & Age Group — mean (SD)

Table 2

Age Group Height Centile  Height z-score  BMI Centile  BMI z-score
Males
5-6y (n = 10) 17.6 (21.0) -1.8(1.7) 17.8 (17.9) -1.4 (1.3)
7-8y (n = 20) 18.7 (21.4) -1.6 (1.5) 22.0 (20.9) -1.0 (0.8)
9-10y (n = 20) 237 (27.1) -1.0 (1.3) 18.1 (17.4) -1.2(0.9)
11-12 y (n = 16) 4.4(6.1) -2.2(0.9) 145 (13.7) -1.3(0.7)
13-14y (n = 54) 7.5(16.2) -2.1(1.0) 10.9 (13.8) -1.7 (1.0)
15-16y (n = 57) 9.5 (18.3) 21(1.2) 11.6 (16.0) -1.8 (1.1)
17-18y (n = 85) 8.9 (14.4) 2.0 (1.1) 14.1 (17.7) -1.6 (1.2)
19-20'y (n = 64) 15.8 (15.0) -1.3(0.8) 13.2 (15.2) -15(1.2)
21-30y (n = 125) - -1.0 (1.1) - 0.9 (0.4)
Females
5-6y (n=12) 30.7 (26.7) 0.9 (1.2) 33.6 (30.1) 0.6 (1.1)
7-8y (n=23) 207 (22.1) -1.2 (1.0) 28.0 (20.3) 0.7 (0.8)
9-10y (n = 19) 19.8 (22.7) -1.3(1.1) 16.3 (12.6) -1.2(0.7)
11-12 y (n = 24) 22.5(24.7) -1.1(1.2) 17.9 (17.8) -1.3(1.0)
13-14y (n = 38) 16.8 (21.8) -1.6 (1.3) 20.7 (23.5) 1.2 (1.1)
15-16 y (n = 78) 23.3(24.7) -1.0 (1.0) 26.4 (25.1) 1.1 (1.4)
17-18 y (n = 56) 22.3(20.2) -1.1(1.3) 40.7 (28.6) -0.3(L.1)
19-20y (n = 47) 36.3 (29.1) 0.5 (1.0) 34.1(27.8) -0.6 (1.0)
21-30y (n = 111) - 0.3 (1.0) - -0.6 (0.6)
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For ages 5-20 years, centiles and z-scores were calculated using NCHS/WHO growth standards; for ages 21-30 years, mean height and BMI
standards for African American adults from NHANES I11 were used to calculate z-scores.
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Table 3

Prevalence of Low Relative Height and Underweight™ - by Sex & Age Group (%)

Age Group Stunting Underweight

Males Females Males Females

56y 30.0 16.7 10.0 16.7
7-8y 35.0 21.7 10.0 44
9-10y 25.0 15.8 20.0 21.1
11-12y 438 20.8 18.8 227
13-14y 63.0 36.8 315 15.8
15-16y 57.9 15.4 36.8 15.4
17-18y 447 3.6 32.9 73
19-20y 143 6.4 22.2 12.8
21-30y 11.9 45 0 0

Low relative height defined as more than 2 standard deviations below the standard mean height-for-age or a height z-score of <—2.0. Underweight
defined as more than 2 standard deviations below the standard mean BMIfor-age or a BMI z-score of <—2.0. For ages 5-20 y, z-scores were
calculated using NCHS/WHO growth standards; for ages 21-3 0y, z-scores were calculated using mean height and BMI standards for African-
American adults from NHANES I11 were used to calculate z-scores.
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