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Abstract

Background:Growth references (growth charts) are used to assess the nutritional and growth status of children. In
developed countries, there are growth charts based on the country’s national surveys. However, many developing
countries do not have their own growth references, so they usually use WHO and US CDC references. In such cases,
it is known that the growth statuses of the subject are underestimated or overestimated. This study sought to
accurately assess the growth status of children by developing a local growth chart for children living in the
Southern Province of Zambia.

Methods: Anthropometric measurements were conducted on 1135 children aged 2–19 years in the target area. The
height and weight data for each sex and age were smoothed using the LMS method, and a percentile curve of height
and weight was developed. Based on the US CDC reference, three indicators of undernutrition (stunting, underweight,
and thinness) were calculated to determine the proportion of those who are undernourished (z-score <� 2).

Results:The 50th percentile curve of height and weight in the growth chart of the target population was equivalent
to the 5–25th percentile curve of the US reference, and the children of Zambia were both small and of low weight.
Conversely, although many subjects are small and of low weight, it was found that there were few poor nutritional
statuses as judged by BMI. Through comparison with a previous study in the Southern Province of Zambia, a secular
change in the growth of children over 20 years was found. Although there was no significant increase in height and
weight in the older age group, there was a significant increase in height and weight at an earlier age. This is thought
to be due to an increase in the growth rate of children due to improved socioeconomic conditions, women’s
education level, and improvement in health care standards.

Conclusions:The subjects were small and of low weight compared to the US population, but the nutritional status
was not poor by BMI. The height and weight at an earlier age increased compared to 20 years ago.

Keywords:Zambia, Secular trend, Growth chart, Nutritional status

Background
Child growth is internationally recognized as an import-
ant indicator for monitoring nutritional status and
health in populations [1]. Poor circumstances in early
childhood are associated with an increased risk of
chronic diseases and their underlying risk factors, which
affect life-long health [2, 3].

Undernutrition in developing countries has been an
internationally important issue, as exemplified by the
launch of the Scaling up Nutrition (SUN). In particular,
previous research [4] described that sub-Saharan Africa
has an undernutrition problem. In Zambia, located in
sub-Saharan Africa, the rates of stunting and under-
weight for children under 5 years were 45% and 15%, re-
spectively, according to the national investigation [5].
This means that in Zambia, child undernutrition is a
problem, as in other sub-Saharan countries.
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One of the important events in considering the nutri-
tional status of Zambian children is the relocation of
people for the construction of the Kariba Dam during
the late 1950s to the early 1960s. Children who were
forced to relocate for the dam construction were sur-
veyed on nutritional status and growth before relocation
(1957–1958) and about 35 years later (1993) [6, 7].
Comparing children aged from 8 to 13 years between
two surveys, it was concluded that there was no differ-
ence in the height and weight of children in rural areas
and that there was no secular change in about 35 years
from the late 1950s to the early 1990s [6, 7]. However,
since the early 1990s, there has been no research on the
growth of children in the region, and the secular change
in the growth of children over the past 20 years from
the early 1990s to the present is unclear.
Generally, growth references are used by doctors and

nurses involved in the care of individual children in
medical assessment to evaluate the growth status of a
child. Furthermore, growth references are used as a pub-
lic health tool to summarize and compare anthropomet-
ric data among groups of children [8]. While an
international reference may be needed for comparison of
height and weight between regions or countries, local
references best reflect the characteristics of the popula-
tion. Therefore, the current trend in many countries is
to develop their local references or for use in the clinic
[9]. Nevertheless, there are no national-level growth ref-
erences in Zambia, and there are limited studies on the
growth chart of children, such as Gillett (1995) and Gil-
lett and Tobias (2002) [6, 7].
Therefore, this study aimed at the following three

points to evaluate the growth status of children living in
the Southern Province of Zambia: (1) develop a local
growth chart and compare it with international refer-
ences and previous studies in other Saharan countries,
(2) evaluate the growth status by focusing on sex differ-
ences, and (3) compare this with previous research [6] in
the same region 20 years ago to ascertain whether there
was a change in the growth of children living in the
Southern Province of Zambia.

Methods
Study area
The Republic of Zambia is located in a semi-arid tropical
zone in the southern part of Africa. It has two seasons: a
rainy season (December to March) and a dry season
(April to November). The average elevation within the
country is approximately 1300 m, and the annual rainfall
is about 500–1500 mm. Traditional farming in rural vil-
lages depends on rainfall, and food production is likely
to be affected by climatic variations such as drought or
heavy rain.

Zambia is the second-largest copper producer in Af-
rica and achieved middle-income country status in 2011.
The human development index in 2011 was 0.430, life
expectancy at birth was 49.0, and population living
below the national poverty line was 59.3% [10]. For so-
cioeconomic status, 94.0% of primary school-age chil-
dren enrolled in primary education [11]; 48% of women
and 49% of men engaged in agricultural occupations
[12].

The study area is located in the Southern Province of
Zambia

Subjects
The survey included 1135 children (576 boys, 559 girls)
who lived in the Sinazongwe district in the Southern
Province of Zambia. Anthropometric measurements
were taken of children attending five primary schools
near the city of Sinasese. These five primary schools and
children were randomly selected. Among the subjects,
the preschoolers (2 to 6 years old) and older children
who had quit or graduated from school lived in four vil-
lages around the school (7 to 19 years old). All children
assigned ages from 1.5 to 2.4 were grouped as 2 years
old. Another age group was also determined according
to this approach. Pregnant and lactating girls were ex-
cluded from the study because of the weight effects of
these conditions. Our sample has the same ethnicity
which is called Tonga people and the same socioeco-
nomic characteristics like property, family structure, and
business. For instance, their houses were brick and with
a straw-thatched roof. Furthermore, our sample’s
mothers were mainly housewives, and they had several
siblings.
The main livelihood of the study area is agriculture,

which is supplemented by animal husbandry, hunting
and gathering, and cash earning. The market that is the
easiest to access from the study area is about an hour’s
walk away. Daily necessities can be purchased in the
town. Maize is mainly cultivated as a staple food crop in
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the study area, and it is cooked in various forms and
eaten. Especially for “Nshima,” made from ground maize
powder and hot water, it is observed the most.

Measurements
All anthropometric measurements, including height and
weight, were conducted by an experienced researcher
using standard procedures [13]. Height was measured to
the nearest 0.1 cm using a portable stadiometer (model
213 Seca, Germany). Weight was measured to the near-
est 0.1 kg using a digital scale (TANITA, Japan). From
the data, body mass index (BMI, kg/m2) was calculated.
The data were collected twice, from August to Septem-
ber 2011 and August 2012. At this time, subjects mea-
sured in 2011 were excluded from the study in 2012.
The age of the subjects was determined based on the

“under 5-year clinic card” and/or the children’s know-
ledge, which was confirmed or revised based on the in-
formation provided by the school’s attendance book.
Through this information, we could confirm the date of
birth of the subjects and clarify the exact age of them.
Children who did not know their date of birth were also
confirmed with their mothers.
The study was approved by the Ethics Committee of

the Graduate School of Health Sciences, Hokkaido Uni-
versity. Participation in the study was voluntary, after
the study had been explained to the participants and
care persons in local languages. Consent was obtained
from the children, their parents, and/or the schoolmaster
and teachers.

Curve smoothing
The LMS method [14] was used to develop sex-specific
smoothed growth curves for height and weight. The
LMS method is a mathematical smoothing method that
involves a process to normalize the original data using a
Box-Cox transformation. This method contains three
distribution curves representing the median (M), coeffi-
cient variance (S), and skewness (L) as a Box-Cox power.
The fitting process was performed by changing these
three values (L, M, and S) to smooth the data across
each age and standardize the original dataset as a normal
distribution. The goodness of fit of the curve was estab-
lished using the Q test [15, 16] and worm plotting [17].
The LMS Chart Maker Pro ver.2.2 program (Medical
Research Council, UK) developed the LMS model. Three
smoothing curves of 5th, 50th, and 95th percentiles were
developed for the height and weight of Zambian children
and compared to the corresponding percentile curves of
the US reference [18]. For girls’ height, the smoothing
curves of the 25th percentile were added (Figs. 1 and 2).
The height-for-age z-score (HAZ), weight-for-age z-

score (WAZ), and BMI-for-age z-score (BMIAZ) were
calculated using the Center for Disease Control and

Prevention (CDC) 2000 reference [18]. A z-score
below − 2 was defined as undernutrition [19], stunting
(HAZ < − 2), underweight (WAZ < − 2), and thinness
(BMIAZ < − 2). Additionally, the growth status of the
subjects was evaluated by determining the z-score.
For age-specific height and weight, the subject’s data

were compared to the literature data [6, 7] using the Z
test. The existence of secular change in children’s height
and weight was confirmed.
All values are shown as mean ± standard deviation

(SD). All statistical analyses were performed using the
JMP 10.0.2 software package (SAS Institute Inc.). The
level of statistical significance was set at P < 0.05.

Results
Growth patterns
In boys, the height and weight curves for Zambian chil-
dren almost corresponded with the 5th percentile of the
CDC curves. In girls, the height curves were positioned
between the 5th and 25th percentiles of the CDC curves
and weight curves positioned between the 5th and 50th
percentiles of the CDC curves. The average height at the
age of 19 was 168.9 ± 7.3 cm for boys and 156.4 ± 3.5
cm for girls (Table 2). Compared to the results of previ-
ous studies on adults in the same group (males 165.3 ±
9.0 cm, females 156.7 ± 5.5 cm [20]), boys were slightly
taller, and girls were comparable. Conversely, the aver-
age weight at the age of 19 was 59.4 ± 5.6 kg for boys
and 53.8 ± 2.9 kg for girls, which was heavier for both
men and women compared to previous studies (males
54.3 ± 9.1 kg, females 51.5 ± 7.5 kg [20]).
The height and weight growth curves (50th percentile)

of the target population are compared with the US refer-
ence [18] and six sub-Saharan countries [21–26]
(Botswana [urban], Botswana [rural], Kenya, South
Africa, Tanzania, Zimbabwe) in Figs. 3 and 4. Except for
Kenya, both men and women were below the 25th
percentile of the US reference in height and weight. The
growth curves of the height and weight of the
populations in the sub-Saharan countries were similar
(Figs. 3 and 4).

Growth status
Table 1 shows the average of the three z-scores, standard
deviation, and percentage of those with undernutrition
(z-score < − 2). “Stunting” (HAZ < − 2) was the highest
percentage in both sexes, followed by “underweight”
(WAZ < − 2). Conversely, the ratio of a low BMI (thin-
ness: BMIAZ < − 2) was less than 10%, which was lower
than the other two indicators. In other words, although
many subjects were small (stunting) and of low weight
(underweight), it was found that many subjects were
normal as judged by BMI. Among all indicators, boys
had a higher percentage of undernutrition than girls,
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and sex differences were seen in nutritional status, but
there were no significant differences.

Secular change
Sex- and age-specific growth data (mean and SD) of this
study were compared to those of a previous study (mea-
sured in 1993 [6] and measured in 1957–1958 [7] in Ta-
bles 2 and 3). The subjects of this study were taller and
heavier than children in the region 2 years ago except
for 9 years, 10 years, and 16 to 19 years in boys and 9
and 17 to 19 years in girls. Boys’ height was significantly
higher than that of previous subjects, except for boys at
9 years, 10 years, and 16 to 19 years. Similarly, for girls,
except for the ages of 9 and 17 to 19 years, it was signifi-
cantly higher than in previous subjects. Conversely, in
terms of body weight, boys were significantly heavier
than previous subjects, except for those at 10 years of
age, and girls were significantly heavier, except 18 and
19-year-olds.

Discussion
Local references best reflect the current ethnic charac-
teristics of a particular population [9]. By developing and
adapting local references, the growth status of children
living in the population was assessed. The production of
local reference standards in a developing country has
many difficulties, such as the lack of materials and skills
of the measurer to conduct a highly accurate anthro-
pometry survey; therefore, the absence of reliability
would be a severe problem. In this survey, an experi-
enced researcher conducted anthropometric measure-
ments using a highly accurate stadiometer and scale.
Furthermore, by using the LMS method, which can draw
smoothed growth curves [14], a reference chart was
developed.

Growth status from the growth chart and z-score
The 50th percentile curve of the target population’s
height and weight corresponds to the 5–25th percentile
of the US CDC reference (Figs. 1 and 2), and the

children of the Southern Province of Zambia were gen-
erally recognized to have short height and low weight.
This was also the case in previous studies in sub-
Saharan countries [21–26] (Figs. 3 and 4).
Indeed, one fifth to one third of the subjects were de-

termined to be “stunted” (HAZ < − 2) and “underweight”
(WAZ < − 2), while those with a low BMI were below
10%. BMI is an indicator of overall nutritional status. In
other words, although the subjects were small and of
low weight compared to the US CDC references, they
had sufficient weight for their height, suggesting that
their growth status was not poor. Of course, we under-
stood that there are limitations of BMI as a nutritional
status assessment tool; for instance, BMI does have limi-
tations in its ability to assess adiposity, and its use in ac-
tual clinical practice is quite limited [27]. However, BMI
has strengths in that it is cheap and relatively easy to
use. Therefore, in this survey, it was appropriate to use
BMI to assess the growth status of children because we
were in a situation of limited resources.
In Figs. 3 and 4, we compared Zambian children to 6

areas in sub-Saharan countries, and it revealed that the
growth curves of height and weight of the populations in
the sub-Saharan countries were similar and Zambian
children are almost in middle status. Therefore, it was
found that the growth status of Zambian children was
roughly moderate in all sub-Saharan countries (Figs. 3
and 4). The height and weight curves of sub-Saharan
countries were below the 25th percentile of the CDC
curves. Generally, sub-Saharan children were recognized
as “smaller” than US children because of the retardation
of growth velocity [21] and the effects of poor living
conditions [26].

Sex differences in growth status
Regarding the sex differences, in the three indicators of
undernutrition (stunting, underweight, and thinness),
the proportion of undernourished children was higher in
boys than in girls. A similar trend has been reported in

Fig. 1 Comparison of height and weight percentile curves for rural Zambian boys with the CDC reference (n = 576)
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previous studies in other sub-Saharan countries such as
Kenya [23] and Nigeria [28].
The reasons why boys showed a higher undernutri-

tion rate than girls were (1) differences in occupation
activity in traditional society and (2) biological differ-
ences in sexes. In traditional society, adults tend to
label boys as more sturdy, self-confident, and self-
reliant, whereas girls are labeled as more fragile, fear-
ful, and dependent [29].
This recognition might have affected the sex differ-

ences in occupation activity in traditional society and
caused definitive differences in nutritional status be-
tween boys and girls. In traditional society, boys are
more involved in heavy work activities such as gathering

vegetable foods, trapping rabbits and hares, and killing
birds [24], whereas girls had greater access to food be-
cause they helped with cooking [23]. Consequently, it is
suggested that boys are relatively large in energy con-
sumption, and simultaneously, women’s food intake in-
creases, which results in sex differences in indicators of
undernutrition.
Biologically, in sub-Saharan Africa, male children are

consistently more likely to become “stunted” than fe-
males, which might suggest that males were more vul-
nerable than females [30]. Male physiology in early life is
inherently less robust than that of females [31], which
implies the biological vulnerability of boys. According to
the Zambia Demographic and Health Survey (ZDHS),

Fig. 2 Comparison of height and weight percentile curves for rural Zambian girls with the CDC reference (n = 559)

Fig. 3 The mean height and weight of boys compared with subjects from different sub-Saharan countries
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