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Abstract

Background: Cardiovascular and metabolic consequences of obesity in children, unlike adults, are still not well
understood nor have they been subject to extensive research in Africa. We aimed to identify the cardio-metabolic
complications associated with childhood obesity at the early phase of the management of obese children in a
reference center in Cameroon.

Methods: In this cross-sectional study conducted from November 2013 to September 2014 and based on World
Health Organization (WHO) classification of Obesity (BMI > 3SD under 5 years and BMI > 2SD from 5 and above),
we included children aged 3 to 17 years who were being followed up for obesity at the pediatric endocrinology
unit of the Mother and Child Center of the Chantal BIYA Foundation in Yaounde, Cameroon. A control group
composed of children with normal BMI coming for a routine check up or vaccination was matched to the
obese subjects. In both groups, we measured waist circumference (WC), blood pressure, fasting lipid profile
and fasting glycaemia. We also considered the presence or absence of acanthosis nigricans. Data were
analyzed using STATA software version 11.0, and presented as means, medians, compared with parametric
and non-parametric statistical tests.

Results: We enrolled 38 obese children and 38 controls matched for sex and age. The majority of our
participants were boys with a sex ratio of 1.24, and median age was 9.9 years. The median Z score of BMI
was 3.21 in obese children. Approximately (n = 35) 90% of obese children (<6% in controls p < 0.001)
presented with an abdominal obesity (WC/height ratio > 0.5) and 58% (n = 22) had acanthosis nigricans
(5% (n = 2) in controls, p < 0.001). Type 2 diabetes mellitus was found in one participant, hypercholesterolemia in
about 16% (n = 6) and high blood pressure in 25% (n = 8) of participants. Metabolic syndrome was present in 19%
(n = 4) of obese children aged >10 years.

Conclusions: Obesity in children is associated with early onset metabolic disorders such as dyslipidemia, high blood
pressure and type 2 diabetes. The screening and management of these complications is therefore recommended.

Background
In the past few decades, obesity has been on a sharp
increase in children and adolescents [1]. According to
WHO statistics, there were about 43 million obese children
worldwide in 2011 with 35 million of them living in
developing countries [2]. There is a paucity of data on
childhood obesity in Sub-Saharan Africa. Notwithstanding,

in Cameroon, the 2011 Health and Demographic Survey
(DHS) revealed that 6% of children below 5 years were
obese [3], and 10 to 15% of adolescents were affected in
urban areas [4–6].
Early and late complications of childhood obesity are

numerous and severe. They include metabolic diseases
[7], cardiovascular diseases [8–11], bone deformities and
respiratory problems [1, 12]. Moreover, childhood obes-
ity is likely to persist throughout adulthood, thereby
exposing obese subjects to cardiovascular, metabolic,
respiratory, musculoskeletal and psychosocial problems.

* Correspondence: eunicevannono@gmail.com
1Higher Institute of Health Sciences, Université des Montagnes, Bangangte,
Cameroon
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Chedjou-Nono et al. BMC Pediatrics  (2017) 17:129 
DOI 10.1186/s12887-017-0880-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-017-0880-2&domain=pdf
mailto:eunicevannono@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


And such illnesses may lead to an increased morbidity
and mortality in this population [9].
There is currently very few data on the metabolic

status of obese children in sub-Saharan Africa. Therefore,
the aim of this study was to identify cardio-metabolic ab-
normalities in obese children who attended the pediatric
endocrinology outpatient clinic of the Mother and Child
Centre of the Chantal BIYA Foundation in Yaounde,
Cameroon, comparing them with matched children with
normal Body Mass Index (BMI).

Methods
Study design, setting and participants
This cross-sectional study received ethical approval from
the institutional ethical committee of “Université des
Montagnes” (number 2014/047/UdM/PR/CAB/CIE). Par-
ticipants were included from the pediatric endocrinology
unit of the Mother and Child Centre of the Chantal
BIYA Foundation in Yaoundé from November 2013 to
September 2014. The Center is a multidisciplinary pediatric
hospital located in the capital and second most populous
city of Cameroon; it hosts the only pediatric endocrinology
unit of the country. This unit allocates two separate
rooms to metabolic investigations.

Selection of cases
We carried out a consecutive sampling of children and
adolescents aged 2 to 17 years with obesity defined
according to WHO recommendations as a body mass
index (BMI) > 3 Z-score for children below 5 years and
BMI > 2 Z-score for those from 5 years and above [13].

Selection of control subjects
The control group was made up of children with normal
BMI (−2 Z-score < BMI < +1 Z-score). They were
selected among healthy children who came for a routine
checkup or vaccination and were matched with patients
for age and sex.

Data collection and definition of terms
The waist circumference (WC) in centimeter (cm) was
measured with a non-stretchable tape at a point midway
between the costal margin and the anterior superior iliac
spine, and the standing height (H) in cm with a wall-
mounted stadiometer. The weight in kilogram (kg) was
measured with a Seca® brand bathroom scale. The BMI
was calculated as the weight in kg divided by the square
of the height in meter. Abdominal adiposity was defined
as waist-to-height ratio (WHtR = the waist circumfer-
ence in cm divided by the height in cm) ≥ 0.5.
The blood pressure (BP) was measured at rest with an

appropriate cuff for each child with a manual Spengler®
sphygmomanometer, and the average of three measures
taken at 10 min intervals was considered and then

translated in percentile with the Baylor College of
Medicine software [14]. Blood pressure was classified
according to recommendations of the American Acad-
emy of Pediatrics as follows: hypertension for a BP ≥ 95th
percentile, pre-hypertension for BP between the 90th
and the 95th percentile [15]. The presence or absence of
acanthosis nigricans was used as the insulin resistance
indicator.
Parameters of the fasting lipid profile (total cholesterol,

triglycerides, High Density Lipoprotein (HDL)-cholesterol,
and Low Density Lipoprotein (LDL)-cholesterol calculated
by the Friedewald formula) were measured in a 2 ml blood
sample using a dry chemistry method in a Vitros® 350
automaton from Ortho Clinical Diagnosis, USA. Lipids
abnormalities were defined according to age, following the
recommendations of the American Academy of Pediatrics
[16]. Fasting plasma glucose level was measured by the
colorimetric method in the Vitros® 350 automaton. Dia-
betes was defined as a fasting plasma glucose ≥126 mg/dl
(7 mmol/l). Impaired fasting glucose (IFG) was defined as
a fasting plasma glucose level between 100 and 126 mg/dl
[17]. Metabolic syndrome was defined according to Inter-
national Diabetes Foundation (IDF) as an association of at
least 2 metabolic disorders to abdominal obesity [18].
All control subjects underwent similar physical as-

sessments with measurement of anthropometric param-
eters and blood pressure. Point-of-care devices were
used to measure their biochemical parameters: cardio
Check® (Polymer Technology System, USA) for capil-
lary lipid profile analysis [19], and Accu Chek Active®
(Roche Diagnostics GmbH, Germany) for capillary
blood glucose [20].

Ethical approval
Before inclusion into the study, a written informed
consent was signed by parents of all participants, and
children above 12 years gave their assent. We also
obtained ethical approval from the institutional ethical
committee of “Université des Montagnes” (number 2014/
047/UdM/PR/CAB/CIE).

Statistical analysis
Data were analyzed with STATA® software version
11.0 (Lakeway Drive, Texas, USA). Results were pre-
sented as mean (standard deviation: SD) for quantita-
tive data and median (interquartile range: IQR) for
qualitative data. The chi-square test was used for
comparison of categorical variables. The CardioCheck®
device has a lower value detection threshold for
quantitative analysis; hence we considered this lower
value in controls whose values were under that
threshold. We used non parametric tests when vari-
ances were not homogeneous. Statistical significance
was set at p value <0.05.
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Results
General characteristics of participants
We included 38 out of 42 eligible participants (4 partici-
pants were excluded due to incomplete data) who were
receiving care in the unit, 21 of whom were boys
(55.5%). The mean age was 9.9 years (range 3–17 years).
Table 1 summarizes the general characteristics of study
participants and control subjects.

Cardiometabolic profile
Out of the 31 participants who had blood pressure values
during the first consultation, 14 (45%) had high values
(>90th percentile).; among these, 8 (25% of all participants)
had hypertension (>95th percentile): 5 girls and 3 boys, all
aged above 10 years and 6 had pre-hypertension(Fig. 1a). In
the control group, 2 subjects had pre-hypertension (BP
between the 90th and 95th percentile) but none had hy-
pertension (BP > 95th percentile) (Fig. 1b). The difference
in prevalence of abnormal blood pressure was significant
between the two groups (p < .0001).
The median fasting blood glucose level (87 mg/dl) was

similar in the two groups. However, one obese child was
diagnosed of Type 2 diabetes mellitus and 4 children
were diagnosed of IFG whereas there was none in the
control group (p = 0.054) (Fig. 2). Compared to control
subjects, obese children had higher WHtR, higher sys-
tolic and diastolic blood pressures, higher total cho-
lesterol, LDL cholesterol, and HDL cholesterol levels
(Table 2). The proportion of children with high total
cholesterol, triglycerides and LDL cholesterol was higher
in the obese than in the control group, whereas the
proportion of children with lower HDL cholesterol level
was higher in the control group (Fig. 2). Acanthosis nigri-
cans lesions were significantly more prevalent in patients
(22/38) than in control subjects (2/38) (p < 0.00001).
Excluding HDL cholesterol level, all other metabolic

abnormalities were associated with the presence of
abdominal obesity (Fig. 3). Out of the 21 obese chil-
dren aged >10 years, 4 (19%) met the criteria of
definition of metabolic syndrome while there was
none in the control group.

Discussion
In this study, we have found a higher prevalence of
elevated blood pressure, dyslipidemia, and blood glucose
abnormalities, as well as higher occurrence of acanthosis
nigricans in obese children compared to their age and
sex-matched lean counterparts.
Childhood obesity has been on a steep rise worldwide

for the past few decades and the likelihood that this
population of obese children becomes obese during
adulthood is very high [9]. This phenomenon has affected
developed as well as developing countries, Cameroon
inclusive. Recent studies carried out in Cameroon have re-
ported an ever-increasing prevalence of childhood obesity

Table 1 General characteristics of study participants

Variable Obese Control P value

N 38 38

Boys N (%) 21 (55.3) 21 (55.3)

Age (years)a 9.7 ± 3.6 10.1 ± 3.7 0.729ǂ

Weight (Kg)a 65.6 ± 13.7 35.2 ± 27.5 <0.0001ǂ

Z-score-Height 1.27 [0.29 - 1.91] −0.15 [−0.74 - 0.60] <0.0001¶

BMI (Kg/m2)a 29.3 ± 7.3 17.4 ± 2.4 <0.0001¶

Z score-BMIb +3.3 [2–7] 0 [−1.5 + 1] <0.0001¶

WC (cm)b 88.5 [80.0-96.5] 61.0 [56.0-65.0] <0,0001¶
amean ± SD; b median [IQR]; ǂ t-test; ¶ Man-Whitney test

a

b

Fig. 1 a Representation of percentiles of blood pressure in patients.
b Representation of percentiles of blood pressure in controls

Fig. 2 Histogram showing the numbers of children who had
abnormal glucose and lipid levels
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[3–6]. It has been observed that childhood obesity is
associated with numerous and often severe short-term
and long-term complications including cardiovascular,
metabolic, respiratory, musculoskeletal and psychosocial
problems [7–11]. However, obesity is considered as a sign
of healthy living, beauty and wealth in many African
cultures. As such, most parents do not consider taking
their obese children to hospital for a medical check-up
and follow-up [21].
The prevalence of hypertension in our study was one

out of four children and about 20% had pre-hypertension.
A study carried out in Bolivia found a similar prevalence,
though only the systolic blood pressure was considered
[22]. But another study carried out in Thailand found a
lower prevalence of hypertension in obese children
(20.2%) [23]. Studies have shown that the prevalence of
hypertension is higher in people of African ancestry than
in Asians and Europeans [24]. The difference observed is
probably due to this genetic predisposition of people of
African ancestry. Also, only two children in the control
group had pre-hypertension (~6%). This is evidence to
suggest that the high prevalence of elevated blood pres-
sure (about 1 in 4 children) was related to obesity in
these children.
Blood glucose impairment was found in 13% of obese

children in our study population whereas none of the

children in the control group were affected. This is
further evidence to suggest that obesity in these children
predisposed them to cardiometabolic abnormalities.
Studies carried out elsewhere found 10.5% and 17.8% of
blood glucose impairment in Thailand [23] and United
States of America [25] respectively. The difference with
the United States National cohort study could be due to
the fact that we did not carry out an oral glucose
tolerance test, thereby probably ignoring some cases of
glucose intolerance.
The proportion of children with high total cholesterol,

triglycerides and LDL cholesterol was higher in the
obese than in the control group. This is in line with
other metabolic problems which were found in this
group such as glucose impairment and the presence of
acanthosis nigricans (seen in about 60% of obese chil-
dren compared to only about 5% in the control group).
Acanthosis nigricans is a strong indicator of insulin
resistance which is a very important element in the de-
velopment of Type 2 diabetes mellitus. This study identi-
fied a case of Type 2 diabetes and the evidence will
suggest more cases of Type 2 diabetes in this group in the
near future, especially if adequate measures are not put in
place to combat these complications of childhood obesity.
However, we were surprised to find that the proportion of
children with lower HDL cholesterol level was higher
in the control group. This may suggest either the need
to redefine normal standard values in children, or that
the rapid test we used may not have enough accuracy
and specificity to be adapted in a pediatric population.
Moreover, the cardiometabolic complications observed

were mostly related to abdominal obesity. Therefore,
abdominal obesity measured by the WHtR could be
suggested as a quick method of identification of children
with high cardiovascular risk [25].
A bigger sample is however necessary to test sensitiv-

ity and specificity. We have also studied an essentially
urban sample and the results could be different with a
less sedentary rural population.
We acknowledge the following potential limitations in

our study: we used different laboratory analyses in testing

Table 2 Cardio metabolic status in the study population

Variable Obese Control P value†

WHtRa 0.59 [0.52–0.65] 0.44 [0.42–0.46] 0.0001

SBP (mmHg)a 110.0 [102.0–126.0] 100.0 [96.0–110.0] 0.002

DBP (mmHg)a 73.3 [68.0–79.0] 64.1 [60.0–70.0] 0.05

Glycemia (mg/dl)a 89 [83.7–91.0] 85.5 [79.5–93.0] 0.68

Total cholesterola 164.5 [142.7–187.7] 115.0 [100.0–136.3] 0.0001

Triglycerides (mg/dl)a 81.0 [61.0–111.0] 61.5 [50.0–71.0] 0.08

LDL cholesterol (mg/dl)a 102.5 [81.5–127.5] 72.0 [64.8–85.3] <0.0001

HDL cholesterol (mg/dl)a 42.0 [33.8–52.0] 28.0 [24.0–36.3] 0.04
amedian [IQR]; † Man-Whitney test

Fig. 3 Number of children with metabolic abnormalities with
respect to the abdominal obesity status
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lipid profile and blood glucose in the two groups under
study but some evidence showed the accuracy of rapid
photometry methods (used in control groups in our study)
in the follow-up of patients affected with diabetes or
dyslipidemia [19, 20].

Conclusion
Metabolic disturbances are prevalent in obese children
in Yaounde, as compared to those with normal BMI.
One quarter of obese children have high blood pressure,
21% of dyslipidemia and 13% of glucose intolerance with
a case of type 2 diabetes. The metabolic syndrome
affects 19% of our adolescents and girls seem to be more
at risk. The various abnormalities are associated with the
presence of abdominal obesity. Prevention should be
emphasized not only on the occurrence of complica-
tions, but better still on the occurrence of obesity in
children, given the cardiovascular and metabolic risk
and the heavy socio-economic repercussion in develop-
ing countries such as Cameroon.
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