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Eugène Sobngwi e, Jean-Claude Mbanya c

a INSERM U780-IFR69, Epidemiological and Biostatistical Research, 16 Avenue Paul Vaillant Couturier, 94807 Villejuif, France
b Univ Paris-Sud, Kremlin Bicêtre, France

c HoPiT Research Group Cameroon, Faculty of Medicine and Biomedical Sciences, University of Yaoundé 1,
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bstract

bjectives: To determine, in a rural and urban population in Cameroon, the prevalence of the metabolic syndrome (MS) using three definitions
nd to assess the association between components of the MS, central obesity and HOMA insulin resistance (HOMA-IR) index.
ethods: A representative sample of 1573 adults (638 rural, 935 urban) were interviewed on their personal medical history. Blood pressure

nd anthropometric measures used standardised methods. After an overnight fast, blood samples were collected before and 2 h after an OGTT
nd plasma glucose, plasma insulin and blood lipids determined. Modified WHO, NCEP-ATP III, and IDF definitions of the MS were used.
esults: Central obesity was the most prevalent component of the syndrome, but prevalence varied widely according to the definition used.
ypertriglyceridemia was almost non-existent. The highest prevalence of the MS was with the WHO definition and the lowest with the

CEP-ATP III definition. Central obesity was more tightly associated with components of the MS than was HOMA-IR.
onclusions: The prevalence of the MS varied greatly by rural/urban residence with the various definitions used. Central obesity appears to be

he key determinant of the prevalence of the MS in sub Saharan Africa. Many MS definitions may not be appropriate for African populations.
2006 Elsevier Ireland Ltd. All rights reserved.
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The metabolic syndrome (MS) is a constellation of inter-
elated risk factors of metabolic origin that are associated
ith the development of atherosclerotic cardiovascular dis-

ase [1]. Several expert groups and institutions have proposed
ifferent criteria to diagnose the MS in clinical practice
2,3]. They include various combinations of central obesity,

igh blood pressure, high plasma glucose, dyslipidemia and
nsulin resistance. One of the most recently published defini-
ions takes into account ethnic specific cut points for central
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besity [2]. However, European cut points are still recom-
ended in African populations where specific data are not

et available.
The underlying risk factors for this syndrome appear to be

bdominal obesity [4] and insulin resistance [3]; other asso-
iated conditions are physical inactivity [5], ageing [6], and
olycystic ovarian syndrome [7]. The contribution of obesity
nd insulin resistance to the criteria defining the MS varies
etween the different definitions. The WHO and EGIR defi-
itions give a central role to insulin resistance, whereas in the

DF definition, a pivotal role is assigned to central obesity,
hich is a mandatory criteria. This conflicting interpretation

nd variation in the components of the MS provide an insight
nto the scientific limitations of our understanding of the MS.
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Africa is currently experiencing one of the most rapid
emographic and epidemiological transitions in world his-
ory. The future impact of this on the prevalence of the MS
s unknown, and is a matter of concern. Although the preva-
ence of individual components of the MS have been reported
rom Sub-Saharan Africa [8–11], we are not aware of any
opulation-based study of the prevalence of the MS in this
art of the world. This study aims to assess the prevalence of
he components of the MS and of the MS itself in Sub-Saharan
frica using three existing definitions, and to compare the

ssociation between the main components of the MS and cen-
ral obesity and Homeostasis Assessment model for insulin
esistance (HOMA-IR).

. Research design and methods

.1. Subjects

The study population, sampling method and recruitment
rocedures have been described previously [8,9]. A total
f 1986 Cameroonians aged 24–74 years from the States
ousing District of Cité Verte in the capital city Yaoundé

urban area), and three villages of Evodoula (rural area) were
ncluded in this study.

.2. Methods

Interviews were conducted by trained and fortnightly
e-certified survey workers on personal medical history of
ypertension, diabetes and dyslipidemia. Clinical exami-
ation included measurements of height and weight with
ubjects in light clothes. The means of three standard mea-
urements of waist and hip circumferences were recorded,
nd the waist-hip ratio (WHR) calculated. Three consecu-
ive diastolic and systolic blood pressures (SBP and DBP)
ere recorded on the right arm using a standard mercury

phygmomanometer with appropriate cuff sizes. The aver-
ge of the second and third readings was used in the present
nalyses. A standard 75 g OGTT was performed in all sub-
ects between 07.00 and 10.00 a.m., after an overnight fast of
t least 12 h. In each subject, 12.5 ml of whole blood was
rawn before and 120 min after the glucose load for the
etermination of plasma glucose, insulin, total cholesterol
nd triglycerides. Blood for insulin determination was col-
ected on ice, centrifuged immediately, separated and stored
t −70 ◦C until assayed. Plasma glucose was determined by
he glucose-oxidase method using a spectrophotometer with
xternal quality control on every fourth sample by a Cobas bio
exokinase fluorometric method. Insulin level was assayed
n the Wellcome Laboratories, Department of Medicine, Uni-
ersity of Newcastle Upon Tyne, England, by ELISA method
sing DAKO kits (Hersteller, UK). The inter-assay coeffi-

ients of variation were low, 8.7%, medium, 2.7% and high
.6% for the insulin assay. Serum cholesterol and triglyc-
rides were measured by enzymatic colorimetric methods in
he same laboratory in Newcastle.
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Overall 1986 subjects (786 in the rural area and 1160 in
he urban area) were invited to participate in the study. The
esponse rate was 95 and 91%, respectively, in rural and
rban areas. At least one clinical variable was not available
or 104 subjects. Fasting triglycerides, total cholesterol and
nsulin were not available for 147 subjects. Analyses were
n 1573 subjects.

.3. Definitions

Homeostasis assessment model for insulin resistance
HOMA-IR) was calculated as: Fasting plasma glu-
ose (mmol/l) × fasting plasma insulin (�U/ml)/22.5. High
holesterol was defined as fasting total cholesterol
5.2 mmol/l [12].
Three definitions of the MS were used after some mod-

fication to account for the fact that HDL-cholesterol and
icroalbuminuria were not available:

WHO 1999 definition [13], impaired glucose tolerance,
impaired fasting glycaemia, diabetes or highest quartile of
HOMA plus two or more of any of the following:
◦ WHR > 0.85 (women) 0.90 (men) and/or BMI

> 30 kg/m2;
◦ fasting triglycerides ≥1.70 mmol/l;
◦ SBP ≥140 mmHg and/or DBP ≥90 mmHg;
◦ fasting total cholesterol ≥5.2 mmol/l.
• NCEP-ATP III definition [14], three or more of any of

the following:
◦ waist circumference >88 cm (women) 102 cm (men);
◦ fasting triglycerides ≥1.70 mmol/l;
◦ SBP ≥130 mmHg and/or DBP ≥85 mmHg;
◦ fasting glucose ≥6.1 mmol/l;
◦ fasting total cholesterol ≥5.2 mmol/l.
• IDF 2005 definition [2], waist circumference ≥80 cm

(women) ≥94 cm (men) plus two or more of any of the
following:

◦ fasting triglycerides >1.70 mmol/l or triglyceride low-
ering drugs;

◦ SBP ≥130 mmHg and/or DBP ≥85 mmHg, or blood
pressure lowering treatment;

◦ fasting plasma glucose ≥5.6 mmol/l, or anti-diabetic
treatment;

◦ fasting total cholesterol ≥5.2 mmol/l.

.4. Statistical analysis

Analyses used STATA® 8.2 Software. All analyses were
tratified by sex. Results are presented as means (standard
rror), percentages (95% CI) and adjusted odds ratios (95%
I). Fasting triglyceride, fasting and 2 h post-load insulin
nd HOMA-IR were non-normally distributed and were log-

rithmically transformed before comparisons. Means and
ercentages between groups were compared using the Stu-
ent’s t-test, and χ2-test or two-sided Fisher exact test. Since
he mean age of study participants was higher in the rural
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Table 1
Age adjusted, gender specific rural–urban characteristics of the study population

Clinical and biological variables Women Men

Rural Urban p Rural Urban p

N 374 513 252 414

Age (years) 46 (13) 37 (9) <0.001 46 (14) 38 (9) <0.001

Anthropometric parameters
Body mass index (kg/m2) 22.1 (0.2) 26.4 (0.2) <0.001 21.7 (0.2) 25.1 (0.2) <0.001
Waist circumference (cm) 81.2 (0.5) 81.3 (0.4) 0.9 79.6 (0.5) 84.4 (0.4) <0.001
Hip circumference (cm) 91.2 (0.5) 103.8 (0.4) <0.001 89.2 (0.5) 98.7 (0.4) <0.001
Waist hip ratio 0.90 (0.004) 0.78 (0.004) <0.001 0.90 (0.004) 0.85 (0.003) <0.001

Blood pressure (mmHg)
Systolic 112.4 (0.9) 114.8 (0.7) 0.007 118.1 (1.1) 123.3 (0.9) <0.001
Diastolic 69.9 (0.6) 74.7 (0.5) <0.001 72.6 (0.9) 81.8 (0.7) <0.001

Plasma glucose (mmol/l)
Fasting 4.1 (0.1) 4.2 (0.1) 0.5 4.1 (0.1) 4.3 (0.1) 0.09
2 h post-load 5.1 (0.1) 4.9 (0.1) 0.2 5.2 (0.1) 5.2 (0.1) 0.8

Insulin (�U/ml)
Fastinga 2.9 (1.0) 5.4 (1.0) <0.001 1.9 (1.0) 4.5 (1.0) <0.001
2 h post-loada 10.5 (1.0) 24.2 (1.0) <0.001 8.2 (1.0) 21.8 (1.0) <0.001

Blood lipids
Total cholesterol (mmol/l) 2.6 (0.04) 3.6 (0.03) <0.001 2.5 (0.1) 3.5 (0.04) <0.001
Triglycerides (mmol/l)a 0.48 (1.0) 0.47 (1.0) 0.2 0.48 (1.0) 0.53 (1.0) 0.001
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OMA-IRa 0.09 (1.0) 0.20 (1.0

ata are means (standard errors of the mean).
a Variables logarithmically transformed before comparisons; non transfor

han the urban area, age-adjusted linear and logistic regres-
ion models were used to compare means and proportions of
ifferent components of the MS within sites of residence,
fter stratification on gender. The trend in the prevalence
f the MS across age classes was tested by the Armitage
est. The association between waist circumference, HOMA-
R and other components of the MS (as dependent variables)
sed linear regression models with adjustments for (1) age,
lace of residence and sex; (2) age, place of residence, sex
nd BMI. The relations hips were expressed as standardised
eta coefficients and the percent increase in the adjusted R2

hen central obesity or HOMA-IR was added to the model
n comparison to the basic models (1) and (2).

.5. Ethical considerations

The study protocol was approved by the National Ethics
ommittee of the Ministry of Public Health, Cameroon. All

ubjects gave informed consent to participate and the authors
ollowed the Declaration of Helsinki on biomedical research
nvolving human subjects.

. Results
.1. General characteristics of the study population

After adjustment for age, all anthropometric parameters
except waist circumference for women and WHR for both

a

o
p

<0.001 0.06 (1.0) 0.10 (1.0) <0.001

lues are expressed for easier interpretation.

exes), SBP and DBP, and all biological parameters (except
lasma glucose and triglycerides for women) were signif-
cantly increased among subjects living in the urban area
Table 1).

.2. Prevalence of the components of the metabolic
yndrome

There was a wide difference in the prevalence of cen-
ral obesity and obesity (Table 2). Central obesity defined
y WHR was three to six times higher in the rural than the
rban area. The prevalence of central obesity using the WHO
efinition (which is based on BMI and WHR) was higher in
he rural region, but this difference was no longer significant
or men after adjustment for age. Age adjusted prevalence of
entral obesity (NCEP-ATP III and IDF definitions, based on
aist circumference) were lower in the rural than the urban

rea (Table 2), and higher in women compared to men.
WHO and IDF definitions gave, respectively, the lowest

nd the highest prevalences of hypertension (Table 2). When
djusted for age, the prevalence of high blood pressure was
wo times higher in the urban compared to the rural area,
rrespective of the definition used. Lowering the diagnostic
riteria of hypertension from 140/90 to 130/85 mmHg dou-
led the prevalence of hypertension in the rural and the urban

rea.

The NCEP-ATP III definition gave the lowest prevalence
f impaired glycaemia (women: rural, 1.1% and urban, 1.2%,
= 0.9; men: rural, 1.2% and urban, 1.2%, p = 1.0) while
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Table 2
Gender specific rural–urban characteristics (unadjusted prevalences and age adjusted odds ratios) for components of the metabolic syndrome

Components of the metabolic syndrome Women Men

Unadjusted prevalences Age adjusted ORs Unadjusted prevalences Age adjusted ORs

Rural Urban p Rural Urban Rural Urban p Rural Urban

Central obesity or obesity
WHR (M > 0.90/W > 0.85) 73.5 13.5 <0.001 1 0.07 (0.05–0.1)* 35.7 13.3 <0.001 1 0.4 (0.3–0.7)*

BMI ≥30 kg/m2 2.4 20.5 <0.001 1 17 (8–37)* 1.2 10.9 <0.001 1 21 (6–74)*

WHO definition 74.1 29.6 <0.001 1 0.2 (0.15–0.3)* 35.7 20.3 <0.001 1 0.8 (0.5–1.1)
IDF definition 58.6 49.5 0.008 1 1.0 (0.8–1.4) 7.5 12.8 0.03 1 3.2 (1.7–6.2)‡
NCEP-ATP III Definition 22.2 23.8 0.6 1 1.4 (0.97–2.0) 2.4 4.4 0.2 1 4.0 (1.3–11)†

High blood pressure
WHO definition 9.4 8.7 0.7 1 2.0 (1.1–3.4)† 14.3 21.6 0.02 1 2.9 (1.7–4.7)*

NCEP-ATP III definition 18.3 15.7 0.3 1 1.6 (1.1–2.5)† 29.1 35.3 0.09 1 2.0 (1.4–3.0)*

IDF definition 19.0 18.5 0.9 1 2.0 (1.3–3.0)* 29.4 37.7 0.03 1 2.3 (1.5–3.3)*

High glucose
WHO definition 6.4 3.2 0.02 1 0.7 (0.6–1.5) 11.5 6.0 0.02 1 0.8 (0.4–1.4)
NCEP-ATP III definition 1.1 1.2 0.9 1 2.1 (0.5–8.8) 1.2 1.2 1.0 1 1.6 (0.3–8)
IDF definition 1.3 2.5 0.2 1 2.8 (0.9–8.7) 1.6 2.4 0.6 1 2.2 (0.6–7.9)

High lipids
High triglycerides 0.3 0.4 1.0 1 1.1 (0.1–13) 0.4 1.4 0.3 1 3.6 (0.4–32)
High total cholesterol 0.3 2.7 0.005 1 13.0 (2–110)† 0.0 2.9 0.006 – –

≥4th quartile HOMA-IR (%) 13.2 37.8 <0.001 1 4.1 (2.8–5.9)* 5.8 31.7 <0.001 1 12 (5–23)*

IR and/or IGR (WHO) 19.7 38.9 <0.001 1 2.7 (2.0–3.8)* 17.1 33.4 <0.001 1 3.7 (2.7–3.8)*

Prevalence of metabolic syndrome
WHO definition 1.8 5.9 0.002 1 6.4 (2.5–16)† 1.9 7.3 0.001 1 13 (4–39)†
NCEP-ATP III definition 0.0 0.2 1.0 1 – 0.0 0.5 0.5 1 –
IDF definition 0.3 1.5 0.09 1 11 (1.3–100)‡ 0.0 1.2 0.08 1 –
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for difference: †<0.05, ‡<0.01, *<0.001. IR: insulin resistance; IGR: i
aemia + diabetes).

he WHO definition gave the highest prevalence (women:
ural, 6.4% and urban, 3.2%, p < 0.02; men: rural, 11.5%
nd urban, 6.0%, p < 0.02). After adjusting for age, the dif-
erences were no longer significant between the places of
esidence.

None of the subjects was taking lipids-lowering drug.
here was no difference between rural and urban area for the
revalence of high triglycerides, while high total cholesterol
as more frequent in the urban area (women: 0.3% rural ver-

us 2.7% urban, p < 0.005 and men: 0.0% rural versus 2.9%
rban, p < 0.006).

.3. Clustering of the components of the metabolic
yndrome

The clustering of the components was assessed using the
CEP-ATP III definition. For two components the most fre-
uent combinations were central obesity and high blood
ressure (81% in women and 52% in men), high blood
ressure and hypercholesterolemia (6% in women and 24%

n men), high blood pressure and hyperglycaemia (6% in
omen and 12% in men). Two combinations of three com-
onents were found: central obesity, high blood pressure,
igh cholesterol and high blood pressure (100% in women),

H
o
a

glucose regulation (impaired glucose tolerance + impaired fasting gly-

igh blood glucose, high triglycerides. No subject had four
omponents.

.4. Prevalence of the metabolic syndrome

The prevalence of the MS, using the WHO definition,
ncreased with age classes in men in rural area and in both
enders in urban area (Fig. 1). The highest prevalences of
he MS were obtained with the WHO criteria (women: rural,
.8% (0.6–3.5) and urban, 5.9% (3.3–7.3), p = 0.002; men:
ural, 1.9% (0.6–4.6) and urban, 7.9% (5.6–11.3), p = 0.001).
hese differences were still significant after age adjustments,
ven if the urban subjects were younger than the rural. No
ubject in the rural area in either gender (NCEP-ATP III
efinition) or men (IDF definition) had the MS while its
revalence in the urban area was under 2.0% (Table 2).

.5. Central obesity, HOMA-IR and the other
omponents of the MS
After adjusting for age, place of residence and sex,
OMA-IR was positively associated with all the components
f the metabolic syndrome. Waist circumference was also
ssociated with components of the MS, except the associ-
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Fig. 1. Relationship between age classes and the prevalence of metabolic syndrome, stratified on gender and place of residence.

Table 3
Standardised beta coefficients of the relation between each component of the metabolic syndrome and (1) waist circumference (2) HOMA-IR after adjustments,
and adjusted R2 associated with the introduction of these terms in the basic models

Waist circumference HOMA-IRa

Standardised β p �Adjusted R2‡ (%) Standardised β p �Adjusted R2§ (%)

Model Ib

Systolic blood pressure (mmHg) 0.25 <0.001 +5.7 0.10 <0.001 +0.72
Diastolic blood pressure (mmHg) 0.26 <0.001 +6.3 0.07 0.006 +0.37
Fasting plasma glucose (mmol/l) 0.02 0.4 −0.01 0.32 <0.001 +8.00
2 h plasma glucose (mmol/l) 0.045 0.08 +0.13 0.25 <0.001 +4.78
Total cholesterol (mmol/l) 0.12 <0.001 +1.4 0.06 0.02 +0.23
Total triglycerides (mmol/l)a 0.16 <0.001 +4.1 0.12 <0.01 +2.04

Model IIc

Systolic blood pressure (mmHg) 0.18 <0.001 +1.16 0.04 0.2 +0.05
Diastolic blood pressure (mmHg) 0.16 <0.001 +0.94 0.001 1.0 −0.06
Fasting plasma glucose (mmol/l) −0.008 0.8 −0.06 0.33 <0.001 +8.09
2 h plasma glucose (mmol/l) −0.013 0.7 −0.06 0.23 <0.001 +4.30
Total cholesterol (mmol/l) −0.006 0.87 −0.05 0.013 0.6 −0.04
Total triglycerides (mmol/l)a 0.15 <0.001 +1.78 0.09 <0.001 +1.13

Variation of adjusted R2 when waist circumference (‡) or HOMA-IR (§) is introduced in the model.
a Variables logarithmically transformed before comparisons.

a
H
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t
f
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p
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3

S
t
p
c
W

b Model adjusted for age, place of residence, and sex.
c Model adjusted for age, place of residence, sex and BMI.

tions with plasma glucose were not significant (Table 3).
owever, apart from fasting and 2 h glucose, the standard-

sed beta coefficients and the increases in the adjusted R2

ere higher for all the components for waist circumference
han for the HOMA-IR. This suggested the association with
hese components of the MS was stronger in this population
or waist circumference than it was for HOMA-IR. After
djusting for BMI, the association between total cholesterol

nd waist circumference was no longer significant, while for
OMA-IR, its association with systolic and diastolic blood
ressure, and total cholesterol were no longer significant
Table 3).

t
d
w
t

. Conclusion

This is the first report on the prevalence of the MS in Sub-
aharan Africa. Although reported at low rates compared

o other developing countries such as India and China, the
revalence of the MS in rural and urban Cameroon varied
onsiderably across definitions and place of residence. The

HO definition which included a measure of insulin resis-

ance, gave the highest prevalence because, HOMA-IR, by
efinition, affected 25% of the population. Central obesity
as more tightly associated with the other components of

he MS than HOMA-IR.
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Potential limitations which may affect the generalisabil-
ty of the findings are that the urban population is ethnically
eterogeneous, while the rural population is homogeneous.
lthough 14% of the subjects were not included in the analy-

es because of missing data, this was not likely to have caused
ias, as the main clinical variables available (age, BMI, wait
nd hip circumference, SBP, DBP) were not significantly dif-
erent between subjects with missing and non-missing data.
DL cholesterol was replaced by total cholesterol as a diag-
ostic criterion. This had no major impact on the prevalence
f the MS, as the prevalence of high cholesterol was very low.

This study provides the lowest reported population-based
revalence of the MS in the literature, compared to preva-
ences found in other developing and developed countries
15].

Many hypotheses could explain this low prevalence of MS.
he first reason is the relatively young age of our population.

t is well known that the prevalence of the MS increase with
ge [6,16–18]. With the ageing of our population, the preva-
ence of MS will probably increase to levels similar to those
escribed elsewhere, notably in African American popula-
ions. The prevalence of the MS components in Cameroon can
rovide another explanation. High prevalences of central obe-
ity and hypertension were balanced by low prevalences of
iabetes and dyslipidemia: hypertriglyceridaemia using the
ame threshold was low in Cameroon (less than 2% in urban
rea), compared to 12.6–24.8% in China and 28.6–32.3%
n India [16–18]. These differences are probably an indica-
or of the temporal pathway from exposure to weight gain
o development of the MS and subsequently diabetes and
ardiovascular disease. The high prevalence of central obe-
ity and hypertension should be considered as indicators of
n imminent surge in the prevalence of diabetes. In fact,
he study subjects Cameroonians were probably not obese
or long enough to develop metabolic complications of obe-
ity. This is illustrated by the lack of association between
aist circumference and glucose in this study. Cameroon is
developing country where undernutrition is common, and

he prevalence of childhood obesity is very low (unpublished
ata). Subjects usually gain weight later in their adult life.
lthough the prevalence of central obesity and obesity was

t the level of developed countries, the mean HOMA-IR in
his population was 10–20 times lower than values found in
eveloped countries [15]. Ethnicity can provide another clue.
lacks are known to have lower body fat for the same BMI

han Caucasians [19]. This has implications on the interre-
ationship between obesity and the other components of the

S, but also raises the question on the use of diagnostic tools
n Blacks based on criteria derived from Caucasian popu-
ations. Urbanization is the last possible explanation. Total
ody fat [20], as well as the prevalence of the components of
he MS has been shown to be related to urbanisation [21,22].

his is substantiated by the high urban-rural difference in the
revalence of MS.

The higher prevalence of the MS in the urban area is in
ccordance with other studies on the components of the MS

t
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is 193 (2007) 70–76 75

8,9,23]. Urbanisation is associated with lifestyles that favour
he development of obesity and the MS. Such changes are
perating already in the rapidly urbanising Cameroonian pop-
lation. As previously reported subjects in rural Cameroon
xhibit higher occupational and leisure time physical activity
23] compared to urban dwellers. This can lead to different
ody composition and body shape [19,24], by influencing the
ercent body fat, and the body build. In contrast, in this study
ural subjects had higher WHR but lower waist and hip cir-
umference, and were less insulin resistant compared to the
rban population.

The prevalence of obesity was ten times higher in women
han in men, irrespective of the definition used. Apart from
enetic and hormonal differences, this can partly be explained
y the high number of deliveries, as well as their lower level
f physical activity [23]. Although more noted in the rural
rea, there was a great disparity in the prevalence of adiposity
ccording to the definition used. WHR measures central fat
eposition but is a poor measure of visceral fat mass, partic-
larly in lean individuals [25], as demonstrated in this study.
herefore, WHR is probably not adapted in this population

o assess central obesity. It appears that the cut-points used
re not adapted to African populations, stressing the need
or studies to identify criteria for obesity and central obesity
uitable for African populations.

Differences in the prevalence of high plasma glucose
etween WHO/IDF-ATP III definitions are explained by the
igh prevalence of IGT in this population [9]. This study
lso confirms previous reports of lower triglyceride and total
holesterol level in African, compared to Caucasian popu-
ations [12,26–28]. Apart from dietary and physical activity
atterns as highlighted by the rural–urban difference in this
tudy, genetic predisposition may explain this variability,
ince even migrant Africans display lower blood lipid values
han Caucasians [27,28]. Further the atherogenic lipid profile
n our population may be different from the one described in
aucasians. This emerging issue has to be addressed in order

o provide successful cardiovascular preventive measures in
his setting.

Central obesity had stronger associations with compo-
ents of the MS than HOMA-IR. Although this was a cross
ectional study, these findings support the central role of
bdominal adiposity in the MS in comparison to IR. This
onclusion has to be taken as IR was arbitrarily fixed at 25%.
lso, the use of the WHO definition in daily practice is not
ossible, as insulinemia is not measured routinely.

This study illustrates the complexity of the application of
iagnostic tools developed in one population to a different
opulation. The three MS definitions have generated a range
f prevalences, not only as a consequence of the real burden of
he MS in this population, but also because of the components
n each definition and cut-off levels used. It is questionable to

ranslate these results as the burden of MS in this population.
he prevalence of individual risk factors and the rural-urban

rends in these prevalences are indicators of the burgeoning
pidemic of the MS and its subsequent consequences in Sub-



7 oscleros

S
m
f
l
t

A

U
w
s
f
D
f
o
h

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

6 L. Fezeu et al. / Ather

aharan Africa. The trends in this phenomenon have to be
onitored in future studies, and specific cut-points, at least

or central obesity, need to be defined for the African popu-
ation. Preventive actions have to be implemented to reduce
he impending impact of the MS in this population.
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