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Metabolic syndrome (MetS) has been reported to predispose to
n increased risk for type 2 diabetes mellitus and coronary heart
isease in adults. Differences in the prevalence rates of MetS in
hildren based on various definitions have been reported [1–3].
rrespective of the definition used to define MetS in children, inves-
igators have shown the presence of MetS in early childhood and an
ncreased prevalence in overweight and obese individuals, and this
oses a serious problem as childhood MetS is thought to persist
hrough adulthood [4,5]. MetS is also observed in normal-weight
ndividuals and those are considered to be metabolically obese
ormal-weight [6,7]. The few studies that have been conducted in
eveloping countries have shown a relatively high prevalence of
etS that is paralleled by the increasing obesity in children and

dolescents [8]. Despite the high prevalence of obesity reported in
outh African children [9], there is limited data on the prevalence of
etS in this population group. The aim of our study was to identify

outh African children from different racial groups with the MetS
sing either the NCEP ATP III or the IDF definitions, and determine
he proportion of normal-weight children that are metabolically
bese.

The study population consisted of 1272 learners aged 10–16
ears that were recruited through a proportionally stratified mul-
istage random sampling technique from government funded
rimary and secondary schools using a list of 107 schools obtained

rom the Western Cape Education Department. As private schools
epresented less than 2% of the total number of schools they were
xcluded from the sampling frame. Fourteen schools participated
n the study and randomization took place at the learner and
lass levels. The response rate was 65% and learners that declined
o participate were approached twice personally. The study was
pproved by the Faculty of Health and Wellness Sciences Ethics
ommittee, Cape Peninsula University of Technology. Finger prick
lood was used for the estimation of glucose and lipid levels using
espectively, the Accutrend GCT glucometer and CardioCheckTM

.A analyzer (Polymer Technology Systems, Inc. USA). Blood pres-
ure measurements were performed using a semi-automatic digital

lood pressure monitor (Rossmax PA, USA) according to WHO
uidelines [10]. The National Cholesterol Education Program, Adult
reatment Panel III [11] and International Diabetes Federation [12]
or ages 10–16 years old were used to define MetS. Overweight
nd obesity were determined as described by the International

021-9150/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.atherosclerosis.2009.01.030
Obesity Task Force [13]. STATISTICA (STATISTCA 8, StatSoft Inc.,
1984–2008) was used to perform all statistical analyses. Descriptive
data are presented as median (interquartile range). For categorical
data group comparisons were performed using Kruskal–Wallis or
Mann–Whitney U-tests. For the purpose of comparing the NCEP
ATP III and IDF definitions to identify subjects with MetS, the test
for equality of proportions of two paired samples was used to cal-
culate the p-values. Results were considered significant if p-values
were less than 0.05.

Black girls had significantly higher BMI’s than the mixed ances-
try (coloured) girls (p = 0.003), and white girls had the widest hip
and waist circumferences, p < 0.05. Females had higher total choles-
terol and lower HDL-C levels than males across all racial groups
(Table 1). Table 2 summarizes the overall prevalence of MetS as
well as the distribution of MetS according to weight. Only 24 (1.9%)
children were identified with MetS using the IDF definition. MetS
was more prevalent in obese subjects using either the NCEP ATP III
(30.8%) or IDF (13.2%) (p = 0.002). In normal-weight children the IDF
definition underestimated MetS, 0.1% versus 2.4% by NCEP ATP III
(p < 0.001), whereas of the 83 (6.5%) children who were identified
with the MetS using the NCEP ATP III definition, 24 (28.9%) were
of normal-weight. Table 3 summarizes the overweight and obe-
sity status, MetS rates and components of MetS according to race
and gender. Overweight was more prevalent in black girls (23.6%)
whilst the coloured girls were the least overweight (16.6%). Using
either definition, MetS rates were higher among Whites followed
by Blacks and Coloured children as well as in males across all ethnic
groups. Low HDL-C was the most common (48.3%) component of
MetS whilst impaired fasting blood glucose the least common 71
(5.6%).

This is the first report on the prevalence of MetS amongst South
African children and the overall rate of 6.5% using the NCEP ATP
III definition observed in this study highlights the growing prob-
lem of the MetS in developing countries. Although South Africa is
a developing country, the rates observed in this study are similar
to recently published rates in the USA by Jollife and Janssen [14]

who reported a prevalence of 7.6% among black, white Caucasian
and Hispanic US adolescents using the NCEP ATP III definition. MetS
is on the rise globally and in some developing countries it exceeds
the rates reported in the USA. In one of the studies conducted in
a large representative national sample from a developing country,

http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
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Table 1
Median levels (interquartile range) of age and metabolic syndrome components in participants by gender and race.

Black (N = 158) Coloured (N = 281) Caucasian (N = 57) p-Value

Males
Age (Y) 14 (3.0) 13 (2.0) 14 (1.0) *, **, ***

BMIa 19.4 (3.5) 17.7 (3.9) 21.6 (3.5) *, **, ***

WC (cm)b 66.3 (9.3) 62.7 (10.8) 72.8 (12.2) *, **, ***

HP (cm)c 85 (12.0) 80.4 (14.0) 91.3 (10.5) *, **, ***

WHRd 0.8 (0.1) 0.8 (0.0) 0.8 (0.1) **, ***

SBP (mm Hg)e 107 (23.4) 105 (18.7) 109.3 (13.3) NS
DBP (mm Hg)f 64.0 (13.3) 64.0 (11.3) 63.0 (16.7) NS
FBG (mmol/L)g 3.8 (0.9) 4.2 (0.9) 4.1 (1.0) *, **

TC (mmol/L)h 3.1 (1.1) 3.2 (1.1) 3.5 (1.3) **, ***

TG (mmol/L)i 0.6 (0.2) 0.6 (0.2) 0.6 (0.5) NS
HDL-C (mmol/L)j 1.0 (0.5) 0.9 (0.5) 0.8 (0.3) *, **, ***

Black (N = 288) Coloured (N = 415) Caucasian (N = 73) p-Value

Females
Age (Y) 13 (3.0) 13 (3.0) 14 (2.0) *, **, ***

BMI 20.7 (5.4) 19.7 (6.2) 20.7 (6.2) *

WC (cm) 67.5 (12.4) 66.6 (13.4) 72.8 (15.2) *, **, ***

HP (cm) 87.8 (14.3) 87.9 (15.7) 90.0 (13.3) **, ***

WHRd 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) *, ***

SBP (mm Hg) 107.3 (18.0) 106 (18.3) 101.3 (15.7) **, ***

DBP (mm Hg) 65.3 (13.0) 66.0 (12.7) 64.3 (10.0) NS
FBG (mmol/L) 3.8 (0.9) 4.1 (0.9) 3.7 (0.7) *, ***

TC (mmol/L)i 3.6 (1.1) 3.7 (1.1) 3.8 (1.2) **, ***

TG (mmol/L) 0.7 (0.4) 0.6 (0.3) 0.7 (0.4) NS
HDL-C (mmol/L) 1.1 (0.4) 1.1 (0.5) 1.0 (0.5) NS

* Significant at p < 0.05 between blacks and coloured.
** Significant at p < 0.05 between blacks and whites.

*** Significant at p < 0.05 between whites and coloured.
a Body mass index.
b Waist circumference.
c Hip circumference.
d Waist hip ratio.
e Systolic blood pressure.
f Diastolic blood pressure.
g Fasting blood glucose.
h Total cholesterol.
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i Triglyceride.
j High density lipoprotein cholesterol.

elishadi et al. [2] reported prevalence rates ranging between 2 and
4% in Iranian children. More recently, Li et al. [15] found a preva-
ence of 3.7% in a national survey of Chinese children using modified
CEP ATP III definition.

Direct comparisons across and within studies are hampered due
o the differences in the definition of MetS. Similarly, in the present
tudy significant differences were observed between the NCEP ATP
II and IDF MetS definitions. This lack of agreement between vari-
us definitions in the same populations has been reported in several
tudies [2,3,11,15]. Ethnic differences have also been reported and

ody fat distribution is thought to account for some of the observed
ifferences [16]. The ethnic differences in body fat patterning and
redisposition to MetS were also evident in our study, with waist
nd hip circumferences significantly higher in white than either

able 2
ifferences in identification of metabolic syndrome in normal-weight, overweight
nd obese by the NCEP ATPIII and IDF criteria.

NCEP ATP III IDF p-Value

ormal-weight (N = 984) 24 (2.4%) 1 (0.1%) 0.0001
verweight (N = 197) 31 (15.7%) 11 (5.6%) 0.0001
bese (N = 91) 28 (30.8%) 12 (13.2%) 0.0022

otal (1272) 83 (6.5%) 24 (1.9%) <0.0001
black or mixed ancestry children which corresponded with higher
MetS rates. Black–white differences in the degree of clustering
of MetS variables have also been observed in previous studies
Bogalusa Heart [17] and the third NHANES studies [18]. Recently, in
a path analysis of components contributing to MetS in blacks and
whites, Chen et al. [19] concluded that the black–white differences
in the relationships of obesity and insulin resistance measures to
other risk variables explain the lower prevalence of MetS in the
black population.

Though MetS is strongly associated with obesity, the impact of
obesity was not similar in all ethnic groups as black African girls
were more vulnerable to overweight and obesity, but with lower
MetS rates. However, this pattern was not observed in learners of
mixed ancestory who were the least overweight but had similar
MetS rates to those observed in black learners. A similar obser-
vation has been reported among African–American adolescents in
the United States in whom, paradoxically a lower prevalence of the
MetS has been reported despite high obesity rates. These findings
suggest that the impact of obesity on MetS may vary with ethnicity.
As in other studies [6,7], 2.4% of learners with MetS were of normal-
weight. Studies in adults suggest that these individuals represent

one end of the spectrum of people with insulin resistance and MetS
[6].

Our study has several limitations. This was not a national study
and was limited to learners attending public schools primarily
located in the lower to middle income areas. Socio-economic sta-



Letter to the Editor / Atherosclerosis 205 (2009) 363–366 365

Table 3
Prevalence of metabolic syndrome and components of metabolic syndrome according to IDF and NCEP ATP III by gender and race.

Black (N = 158) Coloured (N = 281) Caucasian (N = 57)

Males
Overweight 15 (9.5%) 16 (5.7%) 15 (26.3%)
Obese 6 (3.8%) 14 (5.0%) 2 (3.5%)
WC (cm)NCEP ATP III 6(3.8%) 24 (8.5%) 15 (26.3)
WC (cm)IDF 15 (9.5%) 18 (6.4%) 12 (21.1)
SBP (mm Hg)NCEP ATP III 27(17.1%) 22 (7.8%) 3 (5.3%)
BP (mm Hg)IDF 19 (12%) 18 (6.4%) 3 (5.3%)
FBG (mmol/L)NCEP ATP III/IDF 1(0.6%) 21 (7.5%) 4 (7%)
HDL-C (mmol/L)NCEP ATP III/IDF 82 (51.9%) 177 (63%) 12 (21.1%)
TG (mmol/L)NCEP ATP III 16 (10.1%) 16 (5.7%) 10 (17.5%)
TG (mmol/L)IDF 8 (5.1%) 7 (2.5%) 6 (10.5%)
MetSNCEP ATP III 14 (8.9%) 18 (6.4%) 8 (14.0%)
MetSIDF 4 (2.5%) 8 (2.8%) 5 (8.8%)

Black (N = 288) Coloured (N = 415) Caucasian N = 73)

Females
Overweight 68 (23.6%) 69 (16.6%) 14 (19.2%)
Obese 25(8.7%) 37 (8.9%) 7 (9.6%)
WC (cm)NCEP ATP III 30(10.4%) 39 (9.4%) 12 (16.4%)
WC (cm)IDF 35 (12.2%) 43 (10.4%) 15 (20.5)
SBP (mm Hg)NCEP ATP III 32(11.1%) 38 (9.2%) 6 (8.2%)
DBP (mm Hg)NCEP ATP III 34(11.8%) 40 (9.6%) 7 (9.6%)
BP (mm Hg)IDF 20 (6.9%) 20 (4.8%) 5 (6.8%)
FBG (mmol/L)NCEP ATP III/IDF 6 (2.1%) 18 (4.3%) 3 (4.1%)
HDL-C (mmol/L)NCEP ATP III/IDF 114 (39.6%) 190 (45.8%) 39 (53.4%)
TG (mmol/L)NCEP ATP III 30 (10.4%) 41 (9.9%) 5 (6.8%)
TG (mmol/L)IDF 14 (4.9%) 16 (3.9%) 1 (1.4%)
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MetSNCEP ATP III 15 (5.2%)
MetSIDF 2 (0.7%)

us has been associated with higher BMI and a higher incidence of
verweight or obesity. As we also did not consider diet and physical
ctivity status, this could have affected the MetS risk variables. In
onclusion we found a high prevalence of the MetS in children from
ape Town, South Africa which was associated with obesity. Ethnic
ifferences were observed probably due to the varying effects of
besity on MetS variables. In view of the increasing prevalence of
besity in South African children, it is suggested that screening for
he MetS in obese children may heighten its awareness and perhaps
nitiate lifestyle changes.
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