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Abstract

Objective: To investigate relationships between nutri-
tional status and growth among a sample of schoolchild-
ren and adolescents living in a rural district of Kenya.

Design: Cross-sectional nutritional and anthropomet-
ric survey.

Setting: The data are from schools in a rural district of
south-western Kenya.

Subjects: Schoolchildren and adolescents aged between
5 and 17 years of age. Anthropometric measurements and
interviews on dietary intake were carried out in 2001 and
2002 on 1,442 subjects.

Results: In this African rural sample, the degree of
malnutrition differs with age (increasing with age) and
sex (more accentuated in males). Several correlations (P <
0.05) were observed between nutrient adequacy ratios
and anthropometric values, particularly in males. There
were no correlations between anthropometric character-
istics and sodium or vitamin C (in males and females) and
vitamin A or potassium (in females).

Conclusions: Malnutrition was more evident in sub-
jects at puberty. The diet was deficient in sodium, calcium
and potassium. Although weight-for-age (WAZ) and
BMI-for-age (BMIZ) did not show significant relation-
ships with nutrients in girls, the anthropometric variables
were significantly correlated with micronutrients and thi-
amine in boys. To develop effective intervention strate-
gies, it is vital to understand both how changes in malnu-
trition do occur and how different factors influence
nutrient intake. The different growth pattern of boys and
girls could be caused by sexual differences in environ-
mental sensitivity, access to food and energy expenditure.
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APORTE DE NUTRIENTES EN CHICOS
Y CHICAS AFRICANOS DE 5-17 ANOS
EN UN DISTRITO RURAL DE KENIA

Resumen

A pesar de la emergencia en la prevalencia del sobre-
peso en escolares de paises en vias de desarrollo, se sigue
observando una deficiencia de micronutrientes en la
infancia. Algunos estudios realizados en Kenia han notifi-
cado algunos efectos beneficiosos de los suplementos die-
téticos en algunos escolares pero no en otros. De hecho,
estos estudios no detectaban la influencia de la ingesta
nutricional sobre el crecimiento de los escolares por edad
y sexo. Con el fin de investigar las relaciones entre el
estado nutricional y el crecimiento entre escolares y ado-
lescentes, disefiamos un estudio nutricional transversal
que recogia datos de escuelas de educacion primaria en
un distrito rural de Kenia. Los individuos eran nifios de
entre 5y 17 aiios. Se realizaron medidas antropométricas
y entrevistas sobre la ingesta diaria en 2001 y 2002 en
1.442 individuos. En esta muestra rural africana, el grado
de desnutricion diferia con la edad (aumentando con la
edad) y el sexo (mas acentuado en los chicos). Se observa-
ron fuertes correlaciones (P < 0,05) entre las tasas de ade-
cuacién de los nutrientes y los valores antropométricos,
particularmente en los chicos. No hubo correlaciones
entre las caracteristicas antropométricas y el sodio o la
vitamina C (en chicos y chicas) ni la vitamina A o el pota-
sio (en las chicas). La malnutricion fue mas evidente en
individuos en la pubertad. La dieta fue deficiente en
sodio, calcio y potasio. Aunque WAZ y BMIZ no mostra-
ron relaciones significativas con los nutrientes en las chi-
cas, las variables antropomeétricas se correlacionaron sig-
nificativamente con los micronutrientes y la tiamina en
los chicos. El diferente patrén de crecimiento en los nifios
y las nifias podria estar causado por las diferencias sexua-
les en la sensibilidad ambiental, el acceso a la comida y el
gasto de energia.

(Nutr Hosp. 2011;26:765-774)
DOI:10.3305/nh.2011.26.4.4841
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Introduction

Good nutrition during childhood is important for
healthy growth and development. In addition to affect-
ing physical growth and maturation, a child’s nutri-
tional status also influences a number of factors that are
central to his or her educational achievements.
Micronutrient malnutrition remains one of the most
serious nutritional problems worldwide (WHO, 2002;
Chopra and Darnton-Hill, 2006), and children are par-
ticularly vulnerable to micronutrient deficiency owing
to their high nutrient requirements for growth and sus-
ceptibility to infectious diseases such as diarrhoea and
respiratory infections, which can inhibit nutrient
absorption as well as decrease appetite (Ochoa et al.,
2004; Gribble et al., 2009).

Several diet studies have been carried out in Kenya
over the past 30 years. Kigutha et al. (1995) reported a
seasonal influence on energy and nutrient intake
among pre-schoolers from low-income rural house-
holds in Nakuru district, Rift Valley province (central
Kenya). Fujita et al. (2004) examined agricultural and
pastoralist samples of the Ariaal and Rendille ethnic
groups in northern Kenya and found no seasonal
effects of diet in the agricultural populations but sea-
sonality of starch consumption in the pastoralists.
Fujita et al. reported that the transition from pastoral-
ism to sedentism was associated with changes in diet,
seasonality, morbidity and socio-economic differentia-
tion; for example, starch replaced milk in the sedentary
diet.

Neumann et al. (2003), Siekmann et al. (2003) and
Grillenbenger et al. (2006) studied the effect of food
supplementation in primary schoolchildren and found
that growth was positively predicted by energy and
nutrients provided in high amounts and in a bioavail-
able form in milk and meat. Macharia et al. (2004)
studied a sample of 6-59-month-old children from
Makueni district (Kenyan coast). Some children were
supplied with food supplementation and others not. No
significant differences were found, contrary to expec-
tations.

These studies dealt with malnourished subjects but
did not stratify the sample by age and sex. No data are
available concerning the influence of nutritional intake
on the growth of Kenyan schoolchildren.

Therefore, we designed a research project to detect
the influence of malnutrition on the growth of Kenyan
children living in poor conditions. In a preliminary data
analysis (Semproli and Gualdi-Russo, 2007), the
anthropometric values showed a medium-high preva-
lence of stunting (low stature for age values) in girls
between 12 and 14 years and a very high stunting
prevalence in boys 15-16 years old. The prevalence of
underweight (low weight-for-age values) increased
with age but remained low in girls, while there was a
high prevalence in 13-17-year-old boys. Wasting (low
weight-for-height values) was low in girls and high in
boys after 13 years of age. In addition to a higher preva-

lence of wasting in males and underweight in females,
we observed an emerging problem of overweight in the
younger age-groups of both sexes.

The main aims of the present cross-sectional study
were to analyse the relationship between nutrient
intake and child nutritional status, expressed as Z-
scores of height-for-age (HAZ), weight-for-age
(WAZ), weight-for-height (WHZ) and BMI (BMIZ),
and to identify the nutritional factors mainly responsi-
ble for the delay of physical growth in pre-pubertal and
pubertal Kenyan children.

Materials and methods
Subjects

The study was conducted in a rural area of Suba dis-
trict, Nyanza province, south-western Kenya, on the
north-eastern shore of Lake Victoria, in three of the
four divisions of the district: Mbita, Gwassi and Cen-
tral. The morphological characteristics of the land give
this area a high potential for agriculture, although the
inadequate water supply system prevents its full devel-
opment. Thus, only a few crops are available and the
general living conditions are poor..

The data were collected from December 2001 to
March 2002, in the dry season.

The subjects were primary school students in grades
1-8 from 12 public schools. The recruiting was done by
teachers of the schools, who asked students to volun-
teer for some body measurements and an interview
concerning food. Parental permission was required for
each student willing to participate. A total of 1,383 stu-
dents participated in the study: 702 boys (51%) and 681
girls (49%). No subject refused the anthropometric
measurements or interview on dietary intake. How-
ever, cases of dubious date of birth (~4% of the original
sample of 1,442 children) were excluded from the data-
base. The excluded cases concerned some of the chil-
dren in the youngest age-groups and/or orphans; their
date of birth was not available in the school registers
and it was not possible to obtain information from their
families. The subjects were between 5 and 17 years of
age. The data were collected with the local support of a
non-governmental organization that provides assis-
tance to poor children (Saint Margarita Development
Centre).

All experimental procedures were approved by the
Committee of the Science Faculty (University of
Bologna) in 2001, which granted permission to under-
take the project.

Dietary intake
The food intake data were collected by 24-hour

recall interviews, assisted by a local interpreter. To
assist the fieldworker in quantifying the portion sizes
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Table I
Summary of Kenyan boys’ anthropometric characteristics

g?efm ) S;{f/;é‘j H(ecli’jl“ W(eklgj”“ (kljg% ) WAZ: HAZ BMIZ: WHZ
5 10(10) 107.6(6.7) 232(6.1) 190018 LI(L9  03% (14  18Q) 172D
6 19(16) 113.3(14.1) 242(45) 18020)  08(13) 0428) 14018 18012
7 55 (26) 124.5(10.3) 297 (6.0) 186028  12(L1) 04(1.9) 1AL 13(16)
8 49(20) 1263(113) 302(9.0) 18425 06(L1)  -13*(18)  18¥(15)  15(06)
9 51(9) 131.0(102) 317(82) 18723 02(12) 05(1.7) 13(19)  L1(16)
10 60 136.0(10.1) 370(179) 19029  04(L) 05016  08(10)

1 45 136.7+(8.7) 34.5% (6.4) 184(3.0) 0514 -L0*(13)  00%(10)

12 64 142.2(7.1) 39.8(7.2) 198G.0) 0309  -10(10)  04(Ll)

13 78 144.1(13.6) £22(18) 19632 06010  -16(18)  03(10)

14 94 148.6%(147)  44.5%(8.8) 199G.0)  -L0*(13)  -18%(14)  00(12)

15 81 1542¢(94)  487¢(105) 2099  -LI*(1L3)  -19¥(LI)  -0.0(10)

16 51 157.8(9.6) 534(112) VAL LIFQLS) 20512 00(LD)

17 19 163.5(9.6) 57.1(11.3) USEL 1267 -16%(12)  03%(LI)

HAZ: Height-for-age Z-score; WAZ: Weight-for-age Z-score; WHZ: Weight-for-height Z-score.

Values are expressed as mean (standard deviation).
*ANOVA significant values (p<0.05) among ages.
*p <0.05 between boys and girls (t-test).

of food eaten by children, a specially designed kit with
food model aids was used for food quantification
throughout the interviews. This kit included samples of
commonly eaten food items, household utensils, dry
food (e.g. beans) as well as empty containers.

Anthropometric assessment

A single trained fieldworker followed standardized
and internationally accepted methodologies (Weiner
and Lourie, 1981; Lohman et al., 1997) to take each
subject’s height and weight plus several other body
measurements reported previously (Semproli and
Gualdi-Russo, 2007). Height and weight were taken
with a portable anthropometer and a portable electronic
scale, respectively.

Data analysis

The nutrient adequacy ratio (NAR,%) was calcu-
lated for each of 10 micronutrients (sodium, potassium,
iron, calcium, phosphorus, thiamine, niacin, riboflavin,
vitamins A and C), energy, protein, carbohydrate and
total fibre. NAR was calculated as the intake of a nutri-
ent divided by the recommended intake for that nutri-
ent (RNI), based on the WHO/FAO recommended
intakes (2002), set at two standard deviations above the
average requirements, and the Dietary Reference
Intake (DRI, 2002-2005).

The anthropometric data, i.e. Z-scores of height-for-
age (HAZ), weight-for-age (WAZ), BMI-for-age
(BMIZ) and weight-for-height (WHZ), were compared

with those of the US National Center for Health Statis-
tics (HNANES I1II, Kuczmarsky et al., 2000) reference
population according to World Health Organization
suggestions (1986) for international use.

Descriptive statistics (means and standard devia-
tions) were calculated for all anthropometric data and
nutrient groups. All data were normalized when inde-
pendent t-tests (two-tailed) with unequal sample size
were used to compare boys and girls in each age-group.
ANOVA was applied to each variable to detect the
variability among age-groups. Pearson correlation tests
were performed between the anthropometric values
and NARs.

Statistical tests were considered significant at the
95% confidence level. The statistical analysis was car-
ried out with “Statistica” for Windows, Version 5
(2000; StatSoft Italia srl, Vigonza, Padua, Italy).

Results

The main characteristics of the sample are summa-
rized in table I and table II. The detailed anthropomet-
ric data have been published elsewhere (Semproli and
Gualdi-Russo, 2007). One-way ANOVA of the WAZ,
HAZ and BMIZ Z-scores showed that the degree of
malnutrition changed with age in both sexes. The mean
HAZ values of boys and girls were closer to the refer-
ence data values at earlier ages and showed a different
pattern in boys and girls during growth. HAZ was par-
ticularly low in boys from 14 to 17 years. WAZ values
became negative from 11 years in both sexes. Girls
showed an increase from 14 to 17 years while the mean
Z-score in boys continued to decrease until age 17. The

Nutrient intake in African boys and girls
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Table IT
Summary of Kenyan girls’ anthropometric characteristics

?yiem ) S(ngfH]\é‘)’ H(ecl%ll“ W(eklg”“ (];% ) WAZ: HAZ: BMIZ: WHZ
5 16(11) 1163(13.5) 248(6.5) 181(19)  16(LD) 15%26) 1408  14(07)
6 19(17) 1157(11.3) 24.1(43) 18025 09(L1) 02(2.5) 1309 15008)
7 46(29) 121.8(6.8) 28(5.3) 1893.0)  09(12) 04(12) 0742 14009
8 56 (21) 125.6(7.7) 295(5.4) 186(24)  06(09  -04%(13)  09%(08)  14(L0)
9 46(9) 130.5(9.9) 32.1(7.9) 186(26)  03(L1) 05(1.6) 0708  09(09)
10 68(2) 135.0(7.9) 35.6(6.8) 19428 02(10) 05012  07(1.0)  09(14)
1 81(1) 139.8%(7.3) 37.8%(1.1) 1933.0) 0109  064(10)  044(09)  09(0.0)
12 71 143.5(8.4) 409(9.5) 197(34)  -04(12)  -LIALD  03(10)

13 79 1476(8.8) 43709.8) 19931 0512  -14(13) 02009

14 81 153.4%(8.5) 483%(93) 0534 04* (L) -LIFA13) 00(12)

15 64 157.3%(7.4) 528%(10.6) 212035 02¢(15)  07¢(LL)  0.1(16)

16 30 159.3(8.3) 56.7(10.5) 2230 01¥16)  054(13)  00(10)

17 9 163.6(6.8) 65.6(9.5) U536 08408 01+l 0807

HAZ: Height-for-age Z-score; WAZ: Weight-for-age Z-score; WHZ: Weight-for-height Z-score.

Values are expressed as mean (standard deviation).
*ANOVA significant values (p<0.05) among ages.
*p <0.05 between boys and girls (t-test).

male BMIZ values started at a higher mean than the
female values and then decreased below the girls’ val-
ues at 11 years of age and again from 14 to 17 years.
WHZ showed a similar pattern in both sexes. The high
values of WHZ at some age-groups were mainly due to
the low height with respect to age.

Table IIT and table IV show the NARs of individual
nutrients in the children’s diet. Nutrients with a mean
NAR of at least 100% were carbohydrate, thiamine,
vitamin A and vitamin C in both sexes. Riboflavin met
the requirements at all ages only in girls while the NAR
was lower at ages 10-17 in boys. Energy had low NARs
from 10 to 17 in boys and from 11 to 17 in girls. Iron
and niacin had low NARs from age 7 and phosphorus
from age 9 to 17 in both sexes. The mean NARs for
total fibre never met the requirements (except age 6 in
girls) but showed reasonable values, while sodium,
potassium and calcium were too low, i.e. less than 17%
for sodium, less than 58% for potassium and less than
48% for calcium at all ages in both sexes.

In boys (table V), the anthropometric variables were
correlated with the NARs for energy, protein, carbohy-
drate, iron, thiamine and niacin at all ages, with those for
fibre and phosphorus at younger (5-6) and older (10-17)
ages, and with those for potassium, calcium and vitamin
A mainly at the central ages (respectively 10-14, 9-14,
10-11 years). In girls (table V1), the correlations between
anthropometric characteristics and NARs were gener-
ally less significant than in males. There were significant
correlations between the anthropometric values and
NARs of energy, protein, carbohydrate, total fibre, iron,
phosphorus, thiamine, riboflavin and niacin at 7 years
and from 10 to 15 years, and between the Z-scores and
calcium from 12 to 16 years of age (table VI).

Nutrients with little or no correlation with the
anthropometric variables were sodium and vitamin C
in both sexes, and potassium and vitamin A in girls.

Discussion

The anthropometric features of the sample were
characterized by negative Z-scores for height and
weight, showing that the values were skewed to the
left, i.e. there was a high degree of stunting in the
schoolchildren in general and of underweight at the
older ages. The degree of malnutrition appeared to be
higher in boys than in girls during puberty.

Similar values were observed by various authors in
Kenya (Neumann et al., 2003, 6-14-year-old children;
Bwibo and Neumann, 2003, 8-9-year-old children)
and in other countries: Namibia (Vahatalo et al.,
2005, 8-15-year-old children), South Africa (Steyn et
al., 2006, 1-8-year-old children). The pattern of poor
growth performance observed in the Kenyan children
is common in African populations (Bénéfice, 1993;
Monyeki et al., 2000; Zverev and Gondwe, 2001;
Pawloski, 2002; Olivieri et al., 2008) and is probably
related to malnutrition. Stunted height associated
with appropriate weight-for-height and BMI-for-age
is typically found in cases of sufficient energy intake
but chronic poor-quality nutrition (Keller, 1991;
Dewey et al., 2008).

In our sample, certain micronutrients were particu-
larly deficient in the diet, namely sodium, potassium
and calcium. Sodium and potassium are vital minerals
for the human body. However, the sodium levels were
those contained naturally in foods. As sodium is widely
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available among the sample in the form of common salt
(sodium chloride), we assume that the sodium needs
can be assured for everyone. Calcium is another impor-
tant component of a healthy diet. The dietary habits
indicated that the calcium intake was low among all the
children interviewed due to poor access to milk prod-
ucts and the difficulty of keeping them refrigerated.
However, a similar trend was constantly observed in
studies of USA adult populations, with lower potas-
sium and calcium intake (or excretion) in Blacks than
in Whites, with consequent disparities in their health
status (Langford and Watson, 1990; Kant et al., 2007).

Despite the high levels of calciferol (vitamin D) due
to constant exposure to sunlight, we believe that there
is a risk of osteopaenia in the sample. Calcium intake
was not significantly correlated with stunting in boys
(except at 10 and 14 years), while the correlation coef-
ficients were significant in girls during adolescence
(12, 14, 15 years). The highest degree of stunting in
boys (from 11 to 17 years) and girls (12-14 years) was
correlated with thiamine, niacin, phosphorus and iron,
as well as the micronutrients. Iron, phosphorus (only in
boys) and niacin intakes appeared to be adequate
among younger children (5-8 years old) but decreased
drastically with age.

Even though the phosphorus and calcium intakes
were deficient, the P/Ca ratio seemed to be favourable
to calcium absorption and thus at least partially to its
metabolic utilization.

The correlation between underweight and nutrients
followed a similar pattern.

In agreement with the findings for South African
children (Steyn et al., 2006), the weight-for-age and the
BMI-for-age Z-scores did not show significant correla-
tions with nutrients in girls. However, unlike the cited
study, our means were correlated with macronutrients
and thiamine in boys. Therefore, it seems that body size
in boys is sensitive to dietary factors, while the girls’
body size is predominantly influenced by other factors
(most likely genetic). Greater environmental sensitiv-
ity in boys has been hypothesized before (Hiernaux and
Hartono, 1980; Corlett, 1986; Bénéfice and Malina,
1996; Monyeki et al., 2002). Our finding of sex differ-
ences in anthropometric characters, with a more
favourable growth status in girls than in boys, is consis-
tent with previous studies conducted in sub-Saharan
Africa (Corlett, 1986; Bénéfice and Malina, 1996;
Simondon et al., 1998, Olivieri et al., 2008). In addition
to the different environmental sensitivity, this pattern is
probably related to the greater access to food of Suba
girls (involved in cooking activities) and to the higher
energy expenditure of Suba boys (involved in heavy
work activities) (Semproli and Gualdi-Russo, 2007).

Most of the mean micronutrient intakes of Suba chil-
dren are consistent with the results of previous studies
conducted in Kenya and higher than those of Namibian
and South African children. Low intakes of iron,
niacin, riboflavin and calcium have been observed in
previous studies on malnourished children from Kenya

(Neumann et al., 2003; Bwibo and Neumann, 2003;
Gewa et al., 2007), Namibia (Vahatalo et al., 2005) and
South Africa (Steyn et al., 2006). In those studies, the
inadequate micronutrient intake also involved vitamin
A (Neumann et al., 2003; Bwibo and Neumann, 2003;
Vahatalo et al., 2005; Steyn et al., 2006), vitamin C
(Vahatalo et al., 2005; Steyn et al., 2006) and thiamine
(Steyn et al., 2006). Consistent with our findings, ade-
quate energy and protein intakes were previously
observed (Christensen et al., 2002; Neumann et al.,
2003) in different areas of Kenya, while low energy
and protein intakes were observed in Namibia (Vahat-
alo et al., 2005) and other Kenyan regions (Bwibo and
Neumann, 2003; Gewa et al., 2007).

In addition to the deficiencies of certain micronutri-
ents in the examined African children, there was also
little variety of the diet. As suggested by Steyn et al.
(2005), children with low dietary variety have weight-
for-age and weight-for-height Z-scores less than zero
and should be regarded as being at risk of undernutri-
tion.

The present study of age-specific patterns of anthro-
pometric characters and nutrient intake in a large sam-
ple of children has several limitations that should be
considered when interpreting the results.

The accuracy of estimates of energy and nutrient
intakes is dependent on a comprehensive food compo-
sition table for local foods. We used an international
table for these analyses, but this table does not consider
two important factors: (a) the maize (staple food for the
studied sample) in Kenya is a hybrid, as it has been
‘mixed’” with maize from Ecuador to enhance the pro-
tein content (Christensen et al., 2002); (b) the kidney
beans (widely used by the studied sample) are high in
protein content. Since the protein intake of the sample
appeared adequate according to the international table,
the overall outcome of our analyses would have not
changed significantly if we had used a local table, as
the mean protein intake could only increase in view of
the high protein content of the local maize and beans.

Furthermore, the 24-h recall method continues to be
the method of choice in research involving dietary
assessment in Africa and elsewhere. However, rela-
tively high amounts of foods that children eat outside
the home are likely to be missed on a caretaker’s 24-h
recall of the child’s intake, because they may not be
aware of the child’s consumption of many of these
foods. Another limitation of our study was the assess-
ment of foods that children eat outside the home using
the child’s recall, because school children may not
have accurately reported all of them. However, dietary
recalls, with or without memory prompts, have been
shown to be feasible and relatively reliable among
school-aged children, with accuracy levels increasing
with the children’s age or grade (Gewa et al., 2007).

This study was carried out on a large sample of
schoolchildren in a previously unstudied Kenyan area.
The analyses were stratified by age and applied to a
wide age range. This allowed us to evaluate the state of
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growth at different growth phases over a wide age
range and to precisely identify the targets in need of
intervention. Our findings suggest that the physical
growth of Suba children (and probably their cognitive
function and school performance) would benefit from
interventions aimed at enhancing their niacin, phos-
phorus and iron intake from 7 (niacin and phosphorus)
and 9 years of age and at improving the quality of the
diet for children of all ages.
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