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PREVALENCE OF METABOLIC SYNDROME
AND ITS RELATED Risk FACTORS IN THE CITY
OF ORrAN, ALGERIA: THE ISOR StuDY

Background: Aging and lifestyle changes had
led to an epidemiological transition, with a
significant impact on the incidence of cardio-
vascular diseases in North Africa.

Objective: The aim of this study was to
determine the prevalence of metabolic
syndrome and its associated factors, which
were unknown, among an urban population
in Algeria.

Methods: During 2007-2009, 787 individu-
als aged 30-64 years, randomly selected from
the list of insured persons residing in the city
of Oran, participated in a clinical, anthro-
pometric and biological survey. Participants
were classified according to the National
Cholesterol Education Program - Adult
Treatment Panel (NCEP-ATP) Il definition of
metabolic syndrome.

Results: The prevalence of metabolic
syndrome was 20%, higher in women than
men (25.9 vs 13.7%; P<.0001). Among the
components of the syndrome, the most com-
mon risk factors observed in women were a
low high-density lipoprotein (HDL) choles-
terol concentration (60.4% vs 44.2% in men)
and abdominal obesity (46.8% vs 30.1%

in men) whereas men displayed more high
blood pressure (42.5% vs 34.8% in women).
In men, metabolic syndrome was more
frequent in married and highly educated
participants. In contrast, women with a high
level of education and who had an interme-
diate level of physical activity seemed to be
protected.

Conclusions: Metabolic syndrome, prevalent
in the urban population of North Algeria,

is associated with a high proportion of low
HDL-cholesterol and abdominal obesity,
especially among women. There is a need
for prevention strategies involving promotion
of physical activity for the whole population
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INTRODUCTION

Metabolic syndrome is an impor-
tant clustering of metabolic abnormali-
ties and anthropometric characteris-
tics. Being partially or fully expressed,
the characteristics include high blood
pressure, low level of high-density li-
poprotein  (HDL) cholesterol, high
triglycerides level, high plasma glucose
concentration, and abdominal obesi-
ty."> Metabolic syndrome, a major risk
in type 2 diabetes and cardiovascular
diseases, is underlined by insulin resis-
tance or hyperinsulinemiae.” It is also
associated with other causes of mortali-
ty and has become a global health prob-
lem with an economic burden in both
developing and developed countries.®”

In 2001 and for the first time, the
Third Report of National Cholesterol

Education Program Expert Panel on
Detection, Evaluation, and treatment
of High Blood Cholesterol in Adults
(Adult Treatment Panel III) (NCEP-
ATP III) drew attention to the im-
portance of metabolic syndrome and
provided a working definition of this
syndrome.® According to these criteria,
metabolic syndrome prevalence varies
from 8.2%’ to 41.1%"’ among adults
throughout the world. However, most
data on metabolic syndrome are based
on studies from Western countries.

Metabolic syndrome is a multifac-
torial disease that implicates both envi-
ronmental and genetic factors. Several
modifiable risk factors including obe-
sity, low level of physical activity, high
alcohol intake, cigarette smoking, and
certain deleterious dietary factors, are as-
sociated with a higher risk of this disease

and screening for hypertension among men.
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and its consequences.''* According to
the American Diabetes Association and
the ATP III, the primary goals in treat-
ing metabolic syndrome focus on life-
style changes with prevention of type
2 diabetes and cardiovascular events.®

In Algeria (North Africa), a socio-
economic, nutritional and epidemio-
logical transition has been ongoing for
three decades. Several environmental
factors including rapid urbanization,
physical inactivity and new dietary pat-
terns contribute to the increase in dif-
ferent chronic diseases and abnormali-

1he aim of our study was
to assess the prevalence
of metabolic syndrome
... and to describe the
prevalence of its related
risk factors ... in the city
of Oran (North Algeria).

ties constituting metabolic syndrome.
A national study conducted in 2005
showed a high prevalence of hyperten-
sion (24.9%) and diabetes (12.2%) in
the adult Algerian population.' Over-
weight has also become a real public
health problem, particularly in women
where 66.5% are overweight and 30.1%
are obese.”” Cardiovascular diseases and
diabetes accounted respectively for
26.1% and 4.4% of deaths in 2002."
However, very few data on metabolic
syndrome are available in Algeria."”

The aim of our study, InSulino-
résistance 4 ORan (ISOR) Study, was

to assess the prevalence of metabolic
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syndrome according to the NCEP ATP
III diagnostic criteria, and to describe
the prevalence of its related risk factors
among a sample of 787 insured adults

living in the city of Oran (North Algeria).

METHODS

Participant Characteristics

The ISOR study was carried out in
the city of Oran, an urban area located
in the northwest region of Algeria; it is
the second largest city in Algeria and
one of the most important in north-
ern Africa. According to the 2008 Na-
tional Census in Oran, approximately
685,300 individuals lived in Oran.
The ISOR study is a population-based,
cross-sectional study, conducted be-
tween 2007 and 2009 at the medical
laboratory of social insurance (CNAS).
The participants (n=1428) were select-
ed at random from social security rolls,
were aged between 30 and 64 years,
and lived within the city of Oran. In-
dividuals who were pregnant, or with
fever, infection, complicated type 2
diabetes, chronic disease (cancer, renal
failure, etc.) and those who were under
treatment  (corticoids, immunosup-
pressive drugs) were excluded (n=287).
Also, 277 subjects (19.4 %) did not
respond by the third request and 77
of the eligible subjects refused to par-
ticipate. In all, 787 subjects (378 men
and 409 women) met the inclusion cri-
teria for a participation rate of 55.1%.

The study’s objectives and proce-
dures were approved by the indepen-
dent ethics committee at the Algerian
National Agency for the Development
of Health Research (ATRSS, ex-AN-
DRS). The subjects consented freely

to participation in the study and all
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health examinations and treatment
were free of charge. Data were analyxed
anonymously. Other details of the stud-
ies have been described elsewhere.'

Those with body mass index (BMI)
> 30 kg/m? were classified as obese.
Type 2 diabetes was defined according
to the American Diabetes Association
(ADA) definition (ie, fasting plasma
glucose > 7.0 mmol/L and/or treat-
ment for diabetes including diet and/or
oral antidiabetic drugs and/or insulin
to achieve glycemic control).” Hyper-
tension was defined according to the
WHO criteria (average systolic blood
pressure [SBP] > 140 mm Hg and/or
average diastolic blood pressure [DBP]
> 90 mm Hg) and/or self-reported
current treatment for hypertension
with anthypertensive medication.”

The identification of metabolic syn-
drome was based on the NCEP-ATPIII
diagnostic criteria® where at least three
of the following factors have to be pres-
ent: abdominal obesity (waist circum-
ference > 102 cm in men and 88 cm in
women); hypertriglyceridemia (serum
triglycerides level > 1.69 mmol/L (150
mg/dL) (fibrate treatment excluded);
low HDL-cholesterol (<1.04 mmol/L
[40 mg/dL] in men and 1.29 mmol/L
[50 mg/dL] in women), high blood
pressure (SBP> 135 mm Hg and/or
DBP> 85 mm Hg or treatment for
hypertension) and high fasting glucose
(serum glucose level > 6.1 mmol/L
[110 mg/dL] or treatment for diabetes).

Statistical Analysis

Statistical ~analyses were per-
formed with SAS software (version
9.1, SAS Institute Inc, Cary, NC,
USA). Intergroup comparisons of
means were performed with a gen-

eral linear model. Data on triglyc-
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Table 1. Anthropometric, biochemical and clinical characteristics of the participants

Parameters

Age, yrs

Height, cm

Weight, kg

BMI, kg/m2

Waist, cm

Waist-to-hip ratio

Fasting plasma glucose, mmol/L
Fasting insulin, uUl/mL
HOMA-IR

HOMA-B

Total cholesterol, mmol/L
Triglycerides, mmol/L
HDL-cholesterol, mmol/L
LDL-cholesterol, mmol/L

SBP mm Hg

DBP mm Hg

Inbreeding

Hypertension known
total

Type 2 diabetes known
total

Obesity
Metabolic syndrome

All, n=787 Men, n=378 Women, n=409
Mean SD Mean SD Mean SD P
44.0 10.1 45.0 10.9 43.0 9.3 <.0001
165.5 9.6 172.8 6.4 158.6 6.7 <.0001
71.3 14.6 73.5 14.2 69.3 14.7 <.0001
26.1 5.1 24.6 4.2 27.5 5.5 <.0001
87.7 12.4 89.1 11.5 86.4 13.0 <.0001
.86 .09 .90 .07 .83 .09 <.0001
5.34 1.85 5.49 1.84 5.20 1.85 <.0001
8.44 6.54 7.14 5.93 9.64 6.84 <.0001
2.08 2.27 1.80 2.05 2.33 2.43 <.0001
132.43 126.31 96.72 94.51 165.42 142.15 <.0001
4.45 91 4.45 .76 4.44 1.03 .92
1.17 .51 1.21 .55 1.13 47 .04
1.25 .31 1.27 .30 1.23 .32 .10
2.68 .87 2.64 .73 2.72 1.10 .19
123.6 18.1 125.4 17.7 122.1 18.4 .01
76.9 9.9 77.7 9.7 76.1 10.0 .02
n % n % n %
197 25.9 92 25.0 107 26.8 .57
97 12.3 34 9.0 63 15.4 <.0001
160 20.3 80 21.2 80 19.6 .58
59 7.5 30 7.9 29 7.1 .15
80 10.6 42 11.6 38 9.7 .39
167 21.2 34 9.0 133 32.5 <.0001
155 20.0 51 13.7 104 25.9 <.0001

Data are expressed as the mean = SD; P is used for comparison between men and women.

erides, glucose and insulin levels,
Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR) and
Homeostatic Model Assessment of
Beta-cell function (HOMA-B) were
log-transformed to obtain a nor-
mal distribution. Estimated means
were subsequently back—transformed
for presentation in the tables. Chi-
squared tests were used for categorical
variables. Odds ratios were obtained
by multivariate logistic regression
analyses. The threshold for statisti-
cal significance was set to P<.05.

RESsuULTS

General Characteristics of
Participants

Many anthropometric, biochemi-
cal and clinical characteristics showed
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significant differences when compar-
ing men and women (Table 1). Men
displayed higher levels of blood pres-
sure for both SBP and DBD, fasting
plasma glucose and triglycerides, and
had higher waist circumference and
waist-to-hip ratio than women. Wom-
en were found to have a higher BMI,
higher levels of fasting plasma insulin,
HOMA-IR and HOMA-B than men.
Obesity was more frequent in women
(32.5%) than in men (9%). The over-
all prevalence of metabolic syndrome
was 20%, and was higher in women
than in men. Both men and women
had similar prevalence rates of type
2 diabetes (-11%) and hypertension
(-24%), however, among hyperten-
sive men, 63.4% were unaware of
their hypertension status. Finally,
inbreeding was found among more
than a quarter of the sample (-26%).

Prevalence of Metabolic
Syndrome and its Components

The prevalence of metabolic syn-
drome increased with age (P<.0001),
with the highest prevalence among
those aged 60—64 years (35.8%) (Ta-
ble 2). As expected, the frequencies
of all the abnormalities of metabolic
syndrome increased with age. Low
HDL-cholesterol levels, high blood
pressure and abdominal obesity are
the most frequent components present
in the whole sample. Men had a high
proportion of hypertension (42.5%)
whereas women presented more low
HDL-cholesterol ~ levels  (60.4%)
abdominal obesity  (46.8%).
HDL-cholesterol levels are negatively

and

correlated with waist circumference
(r=-.21, P<.0001). However, the con-
centration of HDL cholesterol was
lower in women than in men when
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Table 2. Prevalence of metabolic syndrome and its clinical abnormalities according to age-groups and sex

Age-grou N Mets, Abdominal _ High Low HDL- High Blood High Fasting
ge-group % Adiposity, % Triglycerides, %  Cholesterol, % Pressure, % Glucose, %
30-39 314 9.9 20.1 9.5 44.6 22.3 12.1
40-49 226 19.0 33.6 14.2 48.2 38.9 15.5
All 50-59 167 34.1 41.9 17.4 46.1 52.1 32.9
60-64 67 35.8 35.8 17.9 23.9 79.1 49.2
Overall 774 20.0 30.1 13.3 44.2 38.5 20.8
30-39 146 8.2 9.6 15.7 26.7 30.8 17.1
40-49 93 9.7 11.8 16.1 28.0 35.5 20.4
Men 50-59 84 20.2 13.1 17.9 30.9 48.8 27.4
60-64 49 26.2 18.4 18.4 16.3 79.6 429
Overall 372 13.7 12.1 16.7 26.6 42.5 23.7
30-39 168 11.3 29.2 4.2 60.1 14.9 7.7
40-49 133 25.6 48.9 12.8 62.4 41.3 12.0
Women 50-59 83 482 71.1 16.9 61.4 55.4 38.5
60-64 18 61.1 83.3 16.7 44 .4 77.8 66.7
Overall 402 25.9 46.8 10.2 60.4 34.8 18.2

waist circumference was higher than
72 cm. Thus, for 86% of the women,
the HDL-cholesterol was lower than
in men. Similar results have been ob-
tained with BMI (data not shown).

Environmental Risk Factors

Concerning  environmental risk
factors of metabolic syndrome, there
was no evidence of influence of house-
hold income on metabolic syndrome
in the whole sample (P=.89). In con-
trast, being older increased the risk to
develop metabolic syndrome by five-
fold among all participants, by four-
fold in men and 12-fold in women.
In the same way, unemployment in-
creased the risk by two-fold among all
participants and in women (Table 3).
Education was associated with a de-
creased risk of metabolic syndrome by
two-fold for both all participants and
women. In contrast, highly educated
men (professional or university) had an
increased risk of metabolic syndrome.
Moreover, in men, marriage increased
metabolic syndrome risk by four. Physi-
cal activity decreased the metabolic risk
by 61% amongall participants. Strange-
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ly, smoking status was associated with
a decreased metabolic syndrome risk,
but this association disappeared after
further adjustment for age and BMIL

DiscussioN

Metabolic syndrome, as defined by
the NCEP-ATPIII criteria, is a growing
health problem affecting all populations
in various proportions. To our knowl-
edge, our study is the first population-
based study of metabolic syndrome
and its relationships with risk factors
conducted in Algeria. The prevalence
of metabolic syndrome and associated
risk factors were analyzed among adults
living in the city of Oran. Given that
social insurance covers more than 70%
of the inhabitants in Oran, the ISOR
sample can be considered as a represen-
tative of the Algerian urban population.

The prevalence (20%) of metabolic
syndrome in the ISOR study is similar
to that reported for the French popu-
lation (20%),”" and the Arab popula-
tion from Gaza* and North America
(23%).% It is lower than in other Medi-
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terranean countries such as Tunisia®

(30%), Turkey” (33.4%) and Iran.*®

In the ISOR study, the prevalence of
metabolic syndrome was twice as high
among women compared with men
(25.9% vs 13.7%). This sex difference
is similar to that reported in the Arab
world and the Mediterranean and East-
ern regions.”>*** In contrast, the Euro-
pean studies show a higher prevalence
of metabolic syndrome among men

92127 while no sex differ-

than women
ence is observed in the US population.”

This sex difference may be ex-
plained by the different distribution
of metabolic syndrome components.
As a matter of fact, we observed very
important differences between sexes.
The prevalence of low HDL-cholesterol
and abdominal obesity were higher
in women compared with men (60.4
vs 26.6% and 46.8 vs 12.1%, respec-
tively). However, in comparison with
men, 84% of women in the ISOR
study had lower concentrations of
HDL-cholesterol, while in the Cau-
casian population, women had higher
concentrations.”®*” In addition, the

cut-off advocated by NCEP-ATPIII is
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Table 3: Risk of metabolic syndrome according to demographic, socioeconomic and lifestyle factors

All, n=774 Men, n=372 Women, n=402
Mets, MO OR b Mets, MNe(t)S OR b Mets, M’i‘t’s OR b
(V) ’ 0, 0, ’ 0, 0, ’ 0,
n) e [95%Cl ne) e [95%Cl n) ey [95%CH
Sex
51 321
Men (13.5)  (86.5) ref
104 298 2.20
Women (54)  (74.6) (152318 =00
Age group
31 283 12 134 19 149
3039 9.9 (90.1) ref 8.2)  (91.8) ref (11.3)  (88.7) ref
43 183 2.14 9 84 1.20 34 99 2.69
049 190 ©1.00 1130353 ~0° 97 ©03 (4829 7O (@56 (44 (45499 <00
57 110 473 17 67 2.83 40 43 7.29
°0-59 Gan 659 (29-7721 0 002 e 286271 O' wus2 18 ps3azen O
24 43 5.09 13 36 4.03 11 7 12.32
00-64 (5.8 (642 274949 ~%°T 65 735 (169350 9% 61.1)  (38.9)  14.26-35.61 00
Marital status
Unmarried 48 234 ref 4 82 ref 44 152 ref
(17.0)  (83.0) “47)  (95.3) (22.5)  (77.6)
: 107 382 137 47 236 4.08 60 146 1.42
Married @19 81 (94199 "0 (66 @34 (431168 " 91) (09 (90223 "
Education
. 51 118 7 62 44
None or primary (30.2)  (69.8) ref (101)  (89.9) ref 44.0) 56 (56.0) ref
: 31 142 51 7 67 93 24 75 41
Intermediate 79 @®1  130-84 “% @5 @05 (31279 ¥ a2 @se  (22-75 00
23 108 49 4 54 66 19 54 45
Secondary 176 ©®24)  128-86 O (69 (931 (182361 2 (260 (740  [23-86] '°
: 24 139 40 15 77 1.73 9 62 18
Professional 147 653  (23-69 0% 63 637 [66-4490 2° (27 673  ros-an <00
. 26 110 55 18 61 2,61 8 49 21
University 19.) 809 (3204 2y 72 pno2ero " (40 860 (09-45 =%
Employment
Ve 57 343 o 31 216 o 26 127 o
(143)  (85.7) (12.6)  (87.4) (17.0)  (83.0)
96 270 2.14 20 104 1.34 76 166 2.24
No 262 (738 (149308 ~% 61 @39 (73246 ' (314 686 (135369 ~ O
Household income
. 17 63 8 9 31
High (21.3)  (78.7) ref (00) 3200 ref (22.5)  (77.5) ref
: 76 325 87 24 146 66 52 179 1.00
Intermediate (19.0) 8100 [48-1.56] ° (141 859 (271601 O @25 (75 (45223 00
Low 53 205 96 8 18 131 55 o 35 74 1.63 -
(20.5  (79.5)  [52-1.77] (12.1)  (87.9) 122138  ° (32.1) (679 170379
Current smokers
No 146 503 o 42 209 o 104 294 ot
(22.5)  (77.5) (16.7)  (83.3) (26.1)  (73.9)
9 -113 27 110 41 0 3
ves 74 ©2.6)  [14-55 0001 9O 9r 4 (1987 02 (0) _ (100.0) Ne
Physical activity
Absence 35 102 ref 7 39 ref 28 63 ref
(25.6)  (74.5) (15.2)  (84.8) (30.8)  (69.2)
Low 96 341 82 5 3 179 1.03 95 63 162 87 2
(2200 (7800  [52-1.28] (15.6)  (84.4)  [42:249] (2800 (72.00  [51-1.49] -
: 22 165 39 11 95 65 11 70 35
Intermediate ate 82  (22-70 ~%" 04 @06 (23179 0 36 @64 (16777 <00
: 2 11 53 0 8 2 3 1.50
High as4)  ®46) L1251 P ©  (100.0) 0 9 w0 600 (24948 %

NC; not calculable.
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more drastic for women than men. All
this explains the raised prevalence of
low HDL-cholesterol in Algerian wom-
en. Concerning waist circumference,
the differences could be attributed to
diet' and multiple pregnancies, which
are typical to Algerian women. In ad-
dition, the postmenopausal weight
gain increases insulin resistance and
central obesity.” In our study, 32.5%
of women had more than four preg-
nancies and 26.6% were menopaused.

Other sex differences were ob-
served in high blood pressure and high
triglycerides levels, which were more
elevated in men compared with wom-
en, (42.5% vs 34.8% and 16.7 % vs
10.2% respectively). Similar to North

1he prevalence (20%) of
metabolic syndrome in the
ISOR study is similar to
that reported for the French
population (20%). ..

African populations,” known hyper-
tension was better in women (65.6%)
than in men (36.6%). Indeed, women
used health services more than men."

The high level of triglycerides was
first related to smoking, especially
among men (32%) and could not
be attributed to alcohol since only
3.2% said they consumed alcohol.

Regarding risk factors, our results
showed that age has the expected im-
pact on the occurrence of metabolic
syndrome. Indeed, in the ISOR study,
the prevalence of metabolic syndrome
increased dramatically with age in both
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sexes, from 10% in the 30-39 age-
group to more than 34% among adults
aged > 50 years, particularly in wom-
en where almost 50% were affected.
Similar results have been reported in
many studies on other populations.’”*
As  previously described,”  marital
status increased the risk of meta-
bolic syndrome in married men.

Our results also suggest that in
women, metabolic syndrome is strong-
ly associated with education level and
occupation. In spite of the fact that
women’s employment is higher in
the city of Oran (38.1%) compared
with employment overall in Algeria
(10.2%)," metabolic syndrome is nev-
ertheless associated with unemployed
women in Oran. In men, occupation
is not related to metabolic syndrome.
Similar sex- specific differences have
been observed in many studies.’**

Education level has generally been
reported to have a strong effect on
health behaviors and lifestyle choices.
Metabolic syndrome has, in general,
a strong and negative association with
the level of education in women.* In
our study, a high education degree was
associated with metabolic syndrome in
men, while it protected women. Simi-
lar results were reported in the Medi-
terranean region”***?> and America.’**’
In women, high education levels have
been associated with healthy diet and
regular physical activity,”® while in
men, education levels are associated
with an unhealthy lifestyle including
less physical activity and more energy
intake.” The socioeconomic indica-
tors are often taken into account in the
relationship with metabolic syndrome
as a low socioeconomic status is as-
sociated with high risk of cardiovas-
cular diseases.”” In the ISOR sample,
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metabolic syndrome affects people
regardless of household income.***

Among environmental factors, ur-
banization is associated worldwide with
unhealthy lifestyles including unhealthy
food habits.””* In Algeria during these
past three decades, lifestyle has changed,
especially in urban areas. As in other
populations, modern life has induced
a reduced physical activity associated
with modifications in dietary patterns
leading to increasing obesity, diabetes
and hypertension. Physical inactivity is
known to be an important risk factor of
metabolic syndrome and obesity.”** In
the ISOR study, physical activity level
was low in 74.2% of subjects, especially
in women (78.6%) but was shown to
be protective against metabolic syn-
drome. Physical activity is generally
at low level among women, especially
in the Maghreb and the Middle East
countries according to the social prac-
tices.>* In these countries, women dis-
play many sedentary occupations and
are often restricted to housework with
no practice of sport or even walking,*

As smoking has an effect on meta-
bolic parameters and blood pressure, itis
generally associated with metabolic syn-
drome.”* However, our results show a
protective effect in men, which disap-
pears after adjusting for age and BML

Although our study was carried out
in an urban population, the frequency
of inbreeding remains high. But, it was
lower than that found in the other coun-
tries of the Maghreb, Morocco (29%-
39%) and Tunisia (40-49%).” How-
ever, no relationship was found with
metabolic syndrome (data not shown).

The main limitation of our study
was the average size of the sample,
which may have limited the power of
the results. Secondly, this study took



place in one city in Algeria and may
limit the extrapolation to other cit-
ies. Finally, a cross-sectional design
does not allow inferences to be drawn
with respect to the causal relationships
among variables. Despite this, the study
provided important data regarding the
prevalence and correlates of sex-specif-
ic risk factors of metabolic syndrome
among adults in an urban setting.

CONCLUSIONS

We determined the prevalence of
the main cardiometabolic risk factors
in a representative group of an urban
Algerian population. The high preva-
lence of the components of metabolic
syndrome will probably continue to rise
in Algeria, and will have serious impli-
cations for national health care costs.
Sex-specific  differences suggest that
metabolic syndrome is associated with
various factors, among men and wom-
en. It may be useful to redefine through
longitudinal studies, ethnicity-specific
cut-off values for waist circumference
and HDL-cholesterol levels. Our re-
sults suggest that potential behavioral
interventions for the prevention of
metabolic syndrome in adults should
include the promotion of physical ac-
tivity, as well as a healthy nutrition.
Regarding medical practice, the screen-
ing of patients at high cardiovascular
risk should be reinforced, especially in
men for whom the use of medical care
is lower than in women as indicated by
the high proportion of undiagnosed hy-

pertension.
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