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Resumen
Objetivo. Determinar las asociaciones entre el síndrome
metabólico (SM) con el área residencial y el estilo de vida en
hombres de Oaxaca, México. Material y métodos. Estudio
transversal en 325 adultos en cuatro áreas residenciales: ru-
ral y urbano (pobre, medio y rico), realizado en 1998. Se uti-
lizó la definición de IDF para SM y documentó la actividad
física y dieta. Con base en dos recordatorios de 24-horas, se
construyó un índice de calidad nutricional (ICN) utilizando
ocho recomendaciones de la OMS para la prevención de en-
fermedades crónicas. Resultados. La prevalencia general del
SM fue de 41.2%, y doblemente mayor en urbanos ricos
(45.4%) que en rurales (27.6%). Un riesgo significativamente
más elevado de SM se asoció con un ICN bajo en urbanos
pobres y en sujetos ricos (OR 3.2; IC: 1.5-8.6). La actividad
física fue un factor protector independiente. Conclusiones.
El SM es altamente prevalente en hombres aparentemente
sanos en áreas urbanas, lo cual refleja el papel de la transición
nutricional y del estilo de vida.

Palabras clave: síndrome metabólico; definición IDF; facto-
res de riesgo cardiovascular; transición nutricional; estilo
de vida; México
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Abstract
Objective. To determine the associations of metabolic syn-
drome (MS) with residential area and lifestyle in men from
Oaxaca, Mexico. Material and Methods. A cross-section-
al study was conducted in 1998 in 325 apparently healthy
men 35 to 65 years of age in four residential areas: rural,
urban poor, urban middle, and urban rich. MS was defined
according to International Diabetes Federation (IDF) guide-
lines. Information on physical activity and diet was collected
by questionnaire. Based on two 24-hour recalls, a diet qual-
ity index (DQI) using eight WHO recommendations to pre-
vent chronic diseases was constructed. Results. The MS rate
was 41.2%; twice as high in urban (45.4%) than rural (27.6%)
subjects. A significantly higher risk of MS was associated with
low DQI in urban poor (OR 2.5; CI: 1.0-6.3) and rich (OR
3.2; CI: 1.5-8.6), compared to rural subjects. Physical activity
was an independent protective factor. Conclusions. MS is
highly prevalent in apparently healthy men in urban areas,
illustrating the role of diet and lifestyle transition.

Key words: metabolic syndrome; IDF definition; cardiovas-
cular risk factors; nutrition transition; lifestyle; Mexico
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Metabolic syndrome (MS) is a clustering of cardio-
vascular risk factors, i.e. abdominal obesity, low

high-density lipoprotein (HDL) cholesterol, elevated
triglycerides, hyperinsulinemia, hyperglycemia and
hypertension.1,2 The first official definition of MS was
introduced by an expert panel of the World Health Or-
ganization in 1998.3 Subsequently, the National Choles-
terol Education Program’s Adult Treatment Panel III
(NCEP: ATP III)4 and the EGIR (European Group for
the Study of Insulin Resistance)5 have formulated
slightly different definitions. A more recent definition
is that proposed by the International Diabetes Federa-
tion (IDF).6 All of these agree on essential components,
that is, dysglycemia or glucose intolerance, obesity,
hypertension, and dyslipidaemia, but they do differ in
the cut-off criteria and consequently, MS rates vary
according to the definition used. Only WHO, howev-
er, includes insulin resistance, assessed using the clamp
method, as a criterion. The definition of IDF uses ab-
dominal obesity based on waist circumference as a core
component of MS. The principal reason for this first
criterion is that abdominal obesity is independently
associated with every other MS component including
insulin resistance.7,8 While the latter is expensive and
technically difficult to measure, the former is easily
assessed. The IDF stated that this new definition, which
emphasizes the importance of central obesity with cut-
offs adapted to ethnic group, would be adopted world-
wide, as it proves convenient and useful in clinical
practice and epidemiological studies.

The etiology of MS is not yet understood, but pre-
sumably represents a complex interaction between ge-
netic, metabolic and behavioural factors, such as diet and
physical activity.9,10 There is also evidence that under-
nutrition during foetal life and early childhood may
cause permanent changes in human metabolism and
thus affect the development of the metabolic syndrome
in later life.11 A sedentary lifestyle and the lack of phys-
ical activity are important factors in the development of
the syndrome.12,13 Total physical energy expenditure and
fitness (measured as maximal oxygen consumption)
have independent effects on MS components.14

The Mexican National Survey of Health 2000
(ENSA)15 contributes very important data on the high
prevalence of markers of cardiovascular disease (CVD)
risk: in the adult population (age 20 years and above),
the prevalence of diabetes was 7.5%, hypertension
30.7%, and obesity 23.7%.15 Diabetes and CVD are now
the first causes of death in Mexico.16

The morbidity and mortality profile of Mexico has
been changing in the last decades because of the epi-

demiological and nutritional transition.16-17 In Mexico,
as well as other similar countries of Latin America, a
phenomenon of epidemiological polarization is ob-
served, meaning that developed industrial states of
northern Mexico have an epidemiological profile sim-
ilar to that of developed countries; in contrast, less
developed southern states (including Oaxaca state)
reflect less advanced transitional epidemiological pro-
files.17,18 The global burden of disease among poor
people includes increased diabetes and other non-
communicable chronic diseases in addition to infec-
tion and communicable diseases.19,20

Urbanization usually means increased access to
energy-dense industrialized foods, which may have an
adverse effect on dietary patterns with metabolic con-
sequences, particularly for underserved vulnerable
populations.21 Furthermore, rapid urbanization is ac-
companied by technological changes –in work and
transportation– leading to reduced physical activity in
the working place and leisure time, as well as to chang-
es in food patterns.22

Our objective is to describe the association of MS
with residential area as an indicator of socio-economic
status and lifestyle patterns (physical activity, smok-
ing and diet) in apparently healthy men from Oaxaca,
Mexico.

Material and Methods
This descriptive, cross-sectional study was conducted
in rural and urban areas of Oaxaca, Mexico. We ran-
domly selected 325 apparently healthy men between
35 and 65 years of age. All the subjects with medical
diagnosis of metabolic disease or another serious dis-
ease were excluded from the study. The sample size
was determined considering a prevalence of 15% MS,23

and a marginal error of 4%, with a level of confidence
of 95%. The sample was stratified by residential area.
The urban population selection was done by consult-
ing the municipal database of Oaxaca and the clas-
sification of residential area by cadastral payment in
three categories (poor, middle and rich neighborhood).
A rural area in the central valley of Oaxaca was also
selected, by consulting the XI census of the National In-
stitute of Statistics and Geography of Mexico.24 Three
towns were selected at random among those with less
than 2500 inhabitants, the urban-rural cut-off25 value
(San Javier, San Raymundo Jalpan and San Juan de Dios).
Rich proprietors of farms were excluded.

The study was approved by the Committee of Re-
search and Ethics of the Oaxaca Delegation of the Me-
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xican Institute of the Social Security and by the Hospi-
tal Center of the Université de Montréal (CHUM), Can-
ada. All subjects signed the informed consent form.

Operational definitions

Metabolic syndrome (MS) was defined according to
IDF guidelines:6 central obesity (defined as waist cir-
cumference ≥ 94 cm), plus any two of the following
factors: triglycerides (TG) ≥ 150 mg/dL (1.7 mmol/L),
HDL-Cholesterol (HDL-C) < 40 mg/dL (<1.03 MMOL/
l), systolic blood pressure (SBP) ≥ 130 or diastolic (DBP)
≥ 85 mm Hg, and fasting plasma glucose ≥ 100 mg/dL
(5.6 mmol/L).

Insulin resistance was calculated by Homeostatic
Model Assessment (HOMA): glucose (mg/dL) X insu-
lin (mU/mL)/405.26 Insulin resistance was considered
at values ≥ 2.68, based on data for the USA population.27

Biological and biochemical parameters

Anthropometric measurements: Height and weight
were measured in light clothing. Body mass index
(BMI) was computed as weight (kg)/height (m).2 Waist
circumference (WC) was measured at mid-point be-
tween the lower costal margin and the level of the ante-
rior superior iliac crest; a flexible clinical measuring tape
was used. Sitting systolic (SBP) and diastolic (DBP)
blood pressures were measured using a standard sphyg-
momanometer. Two readings were obtained and aver-
aged at 5-minute intervals.

The blood samples were collected in all subjects
after an overnight fast of at least 12 hours. Glucose was
measured using the glucose-oxidase method. TG and
cholesterol were measured using a kit of enzymatic
reagents. HDL-C was measured after precipitation of
lipoproteins that contain apoprotein B with phospho-
tungstate and magnesium chloride. The kits and re-
agents were obtained from Boehringer Mannheim,
(Germany). Insulin was measured by the method of
chemiluminescence with reagents of Diagnostic Prod-
ucts Corporation (DPC, Los Angeles, CA, USA).

A questionnaire was administered to collect data
on lifestyle and family history of diabetes and hyper-
tension. For physical activity, we used a questionnaire
validated in Canada but not in the study population.28

Four aspects were considered: means of transportation
to go to work; physical activity level of the main occu-
pation; leisure sport activity; and time spent watching
television. We also documented tobacco consumption.
Other data included family history of hypertension and
diabetes.

A score of physical activity was created consider-
ing four variables with four levels each: 1) means of

transportation (walking, bicycle, motorcycle, automobile);
2) physical activity level for main occupation (sitting;
standing and walking; carrying light load /climbing stairs;
heavy work); 3) sport (none or rarely, 2-3 times/month, 1-2
times/week, and ≥ 3 times/week); and 4) hours/week
watching television (≥13, 8-12, 4-7 and ≤ 3). For each
item, the lowest level of physical activity was assigned
the value of 1, with a maximum of 4 assigned to the
highest level. The maximum physical activity score was
16; computed scores ranged between 4 and 15. Score
tertiles (≤7, 8-10 and ≥11) were used in the analyses.
Daily cigarette consumption was also categorized (0-5
and ≥6). Dietary intake was assessed using two non-
consecutive 24-hour recalls.29 A diet quality index, or
“preventive” score was constructed on the basis of
eight recommendations of the FAO/OMS Committee
of Experts for the prevention of chronic diseases.30 The
positive components of the index are: daily consump-
tion of ≥ 400 g fruits and vegetables; protein ≥10%
total energy; total fat <30% total energy; saturated fat
<10% total energy; polyunsaturated fat 6-10% total
energy; cholesterol <300 mg; sucrose <300 mg; and to-
tal dietary fibre ≥25 g. Compliance with each item was
assigned a value of 1 and non-compliance, a value of
0. The maximum value for the index was 8. Observed
values ranged between 2 and 8. Index tertiles were
used in the analyses (2-4, 5-6 and 7-8), corresponding
to low, medium and high dietary preventive score.

Statistical analysis

Analysis of data was done with SPSS/PC statistical
analysis software, version 11 for Windows (SPSS, Chi-
cago, IL). The Chi-square test was used to analyze the
statistical differences among proportions for the char-
acteristics of the study participants. One-way ANOVA
was used to assess the differences in physical and bio-
chemical parameters in the four residential areas. Lo-
gistic regression models were used to estimate the odds
of MS according to residential area, diet quality, phys-
ical activity and smoking habits. Crude and adjusted
(for age and family history of diabetes and hyperten-
sion) odds ratios (OR) and confidence intervals (95%
CI) are described. An explicative multivariate logistic
regression model of MS on independent variables also
included the interaction between residential area and
diet quality score, where the reference category was
subjects living in rural areas and those with a high
“preventive” diet score. Control variables were age,
and family history of diabetes and hypertension.

The area under curve ROC is described, with a cut-
off point of 0.5 to obtain the sensitivity and the specificity
of the fit model. To evaluate goodness of fit, we included
the value (p) of Hosmer and Lemeshow test to models I,
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II and III. In the multiple logistic regression model with
interactions, we report adjusted odds ratios.31

Results
According to the IDF definition, the overall MS preva-
lence was 41.2%. The mean age of subjects with and
without MS was similar: 49.0 years (S.E. 0.80) and 49.3
years (S.E. 0.67).

Physical and metabolic characteristics of subjects
according to residential area are shown in Table I. The
highest weight, height, body mass index (BMI), waist
circumference (WC) and diastolic blood pressure (DBP)
were observed in the rich urban group (p<0.005), while
the lowest insulin, HOMA, triglycerides (TG) and LDL-
C levels were observed in the rural group. The latter
group also showed the highest HDL-C and glycemia
concentrations (Table I).

Mean BMI in rural and urban groups was 24.9±3.6
and 27.1±4.6, respectively. The prevalence of obesity
(BMI ≥30) was 9.3% in rural subjects, 25.9% in urban
poor, 33.3% in urban middle and 31.5% in urban rich
neighborhoods (p=0.014).

The overall prevalence of abdominal obesity was
51.7%; that of glycemia≥100 mg/dL was 26.8%; TG≥150
mg/dL was 59.1%; HDL-C<40mg/dL, 52.3%; SBP≥130
mm Hg, 61.5%; and DBP≥85 mm Hg, 61.8%. Rural and
poor urban groups showed the highest prevalence of
disglycemia (38.2% and 31.7 %, respectively, p<0.005).

Urban poor and rich groups showed the highest prev-
alence of TG≥150 mg/dL (58.7% and 57.4%, respective-
ly), while the rural group showed a prevalence of 43.4%
(p=0.037). Urban poor and rich groups also showed the
highest prevalence of HDL-C<40mg/dL (58.7% and
64.7%, respectively), while it was 44.7% in the rural
subjects (p=0.037). The rate of high diastolic blood pres-
sure (≥85 mm Hg) among urban poor and rich groups
was 71.4% and 72.1%, respectively. There was no sig-
nificant difference between the high diastolic and sys-
tolic blood pressure groups.

Abdominal obesity is the core abnormality for MS
according to the IDF definition. Its prevalence (WC≥94
cm) and the number of additional markers of MS by
residential area are shown in Table II. Abdominal obe-
sity was highest in urban rich (70.6%) and there was a
downward gradient, with 55.6% in the urban poor,
49.2% in the middle urban group, and 35.5% in the rural
group (p<0.0001). MS, that is, abdominal obesity plus
two other abnormalities, was present in 54.4% of the
urban rich, 50.8% of the urban poor, and it was lower
in the middle urban group (37.2%) and in the rural
subjects (27.6%) (p<0.006).

MS was significantly associated with having a fam-
ily history of diabetes and hypertension, as well as with
residential area and physical activity (Table III). How-
ever, diet quality was not significantly different be-
tween subjects having or not having MS. We found a
trend for less smoking among subjects without MS. The

Table I
PHYSICAL AND METABOLIC CHARACTERISTICS ACCORDING TO GROUPS DEFINED BY PLACE OF RESIDENCE,

IN 325 MEN OF OAXACA, 1998. CRUDE MEAN AND STANDARD ERROR

Parameters Rural (a) (n=76) Urban Poor (b) (n=63) Urban Middle (c) (n=118) Urban Rich (d) (n=68) p*

Physical
Height (cm) 157.7 (0.70)a‡ 161.4 (0.67)b 163.0 (0.62)bc 168.1 (0.78)d <0.0001
BMI (kg/(m)2) 24.8 (0.42)a 27.1 (0.57)b 27.2 (0.37)bc 28.0 (0.54)d <0.0001
WC (cm) 89.5 (1.19)a 95.5 (1.37)b 95.3 (0.93)bc 100.0 (1.34)d <0.0001
SBP (mm Hg) 135.2 (2.14) 136.9 (2.68) 132.5 (1.86) 134.0 (2.36) 0.548
DBP (mm Hg) 85.6 (0.91)a 89.7 (1.33)ab 86.7 (1.00)abc 91.0 (1.46)d 0.005

Metabolic
Glycemia (mg/dL) 103.9 (4.23) 101.5 (5.36) 92.2 (2.41) 96.4 (3.05) 0.067
Insulin (µU/ml) 8.8 (0.71)a 15.1 (2.90)ab 16.7 (1.83)bc 13.7 (0.92)abcd 0.012
HOMA 2.2 (0.20) 3.8 (0.87) 3.8 (0.48) 3.4 (0.28) 0.094
TG (mg/dL) 155.5 (7.65) 208.0 (23.47) 207.6 (14.19) 200.4 (15.54) 0.058
HDL-C (mg/dL) 44.0 (1.49) 39.3 (1.61) 43.9 (1.45) 40.0 (1.47) 0.062
LDL-C (mg/dL) 102.7 (2.47)a 115.0 (4.49)ab 119.0 (3.49)bc 126.8 (4.64)bcd <0.0001

* ANOVA
‡ Means with a common superscript letter are not significantly different
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Table II
PREVALENCE OF ABDOMINAL OBESITY (WAIST CIRCUMFERENCE ≥ 94 CM) AND OTHER MARKERS

OF METABOLIC SYNDROME, ACCORDING TO IDF DEFINITION, BY RESIDENTIAL AREA, IN 325 MEN OF OAXACA, 1998

Rural (n=76) Urban poor (n=63) Urban middle (n=118) Urban rich (n=68) Total (n=325)
Parameters (%) (%) (%) (%) (%) p*

WC ≥ 94 cm 35.5 55.6 49.2 70.6 51.7 <0.0001

Waist circumference + number of markers
WC ≥ 94 cm only 2.6 0 2.5 1.5 1.8 0.006
WC ≥ 94 cm + 1 5.3 4.8 9.3 14.7 8.6
WC ≥ 94 cm + 2 9.2 23.8 14.4 20.6 16.3
WC ≥ 94 cm + 3 14.5 19.1 19.4 19.1 18.2
WC ≥ 94 cm + 4 3.9 7.9 3.4 14.7 6.8
WC < 94 cm 64.5 44.4 50.8 29.4 48.3
MS 27.6 50.8 37.2 54.4 41.2 0.003

*  χ2 test

Table III
AGE, FAMILY HISTORY AND LIFESTYLE OF SUBJECTS

WITH (+) AND WITHOUT (-) METABOLIC SYNDROME;
325 MEN OF OAXACA, 1998

Total MS (+) MS (-)
(n=325) (n=123) (n=202)

Parameters (%) (%) (%) p*

Age (years)
35-44 36.9 37.3 36.6 0.317
45-54 35.1 38.8 32.5
≥ 55 28.0 23.9 30.9

Family history
Diabetes mellitus 35.7 47.0 27.7 <0.0001
Hypertension 38.9 45.5 34.2 0.026

Residential area
Rural 23.4 15.7 28.8 0.003
Urban poor 19.4 23.9 16.2
Urban middle 36.3 32.8 38.7
Urban rich 20.9 27.6 16.2

Diet quality index
High  (7 – 8) 18.5 15.7 20.4 0.269
Average (5 – 6) 44.0 38.1 37.2
Low (2 – 4) 37.5 46.3 42.4

Physical activity score
Low (≤7) 27.7 35.8 22.0 0.001
Average (8 to 10) 47.7 49.3 46.6
High (≥11) 24.6 14.9 31.4

Tobacco
0 – 5 cigarettes/day 95.1 92.5 96.9 0.065
≥6 cigarettes/day 4.9 7.5 3.1

*  χ2 test

relative rate of MS (adjusted for age, family history of
diabetes and hypertension) according to residential
area and lifestyle is shown in Table IV. We observed a
significantly higher adjusted rate of MS in subjects liv-
ing in urban areas compared to those living in rural
areas, excluding the intermediate neighborhood group.
Physical activity was a protective factor, particularly
for the higher score level (p<0,001). Diet quality and
smoking status were not significant, even if we ob-
served a trend of higher risk of MS among subjects with
low preventive diet score (Table IV).

The results of the multiple logistic regression for
the estimation of MS risk according to family history
of diabetes, residence area, and lifestyle, adjusting
by age and family history of hypertension, are shown
in Table V. A family history of diabetes was another
risk factor independently associated to MS (Table V).
There was a significant interaction between residence
area and diet quality. When considering as reference
the rural subjects with a high preventive diet score,
urban poor and rich neighborhood subjects with low
diet quality (preventive score) had a significantly high-
er risk of MS; a trend was also observed for medium
diet quality. Physical activity was an independent pro-
tective factor, particularly at score level ≥11 compared
to score level ≤7. Tobacco smoking was not significant.

Discussion
The overall prevalence of MS among adult men from
Oaxaca was higher than in Mexican-Americans (41.2%
vs 31.9%, respectively), who have the highest prevalence
of MS in the USA.32 Using the NCEP ATP-III definition,
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Aguilar-Salinas et al.33 found a national MS prevalence
of 26.6% in Mexican men and women aged 20-69 years.
In a recent population-based study in Mexico City, a
higher MS prevalence rate was observed (39.9%).34 The
prevalence of MS in the present study is high but no
previous studies on MS in rural or urban areas in Oax-
aca are available for comparison.

We found a significant association between fami-
ly history of type 2 diabetes and MS. A family history
of diabetes is a marker of genetic predisposition to com-
ponents of MS, as shown by Hunt et al.35 who report-
ed that in non-obese subjects, the odds ratios were 2.5
(95% CI:1.1–6.1) and 2.9 (95% CI:1.2–7.0) for history of
diabetes and hypertension. These and other results may
imply that family history is associated with the devel-
opment of MS.36

A major finding of our study is that physical ac-
tivity was a significant and independent protective
factor, even after adjusting for family history and for
the interaction of residence area and diet quality. These
findings are consistent with those from previous stud-
ies suggesting that the pathogenesis of MS is largely
attributable to dietary factors and physical activity.
Lack of physical activity or a sedentary lifestyle plays
an important role in the development of MS,37 and this
also applies to our study population. Tobacco con-

sumption only showed a weak and non-significant
association with MS, and the homogeneity of the sam-
ple in this regard may provide a partial explanation. It
should also be mentioned that alcohol consumption
was not assessed in our study.

Urban subjects showed a higher prevalence of MS
(45.4%), compared to those living in rural areas (27.6%).
Among urban participants, those living in poor and in
rich areas (but not in the intermediate category neigh-
borhoods) were at significantly higher odds of MS than
rural men, even after adjusting for age and family his-
tory of diabetes.

Anthropometric measurements showed a gradi-
ent of higher values with increasing social level of res-
idential area. Rural subjects and urban poor men had
the shortest height, while urban rich had the highest.
It has been shown that nutritional status during the
first years of life is an important factor contributing to
final height.38,39 A shorter height may reflect a compro-
mised nutritional status in early life, which increases
the risk of developing the MS phenotype.40,41 Indeed,
some studies have shown that final height is inversely
related to insulin resistance, diabetes mellitus and car-
diovascular disease.42,43 In our study, however, we can-
not totally exclude some confounding of adult height
with ethnicity related to different levels of genetic ad-

Table IV
LIKELIHOOD OF METABOLIC SYNDROOME ACCORDING TO RESIDENTIAL AREA AND LIFESTYLE, IN 325 MEN OF OAXACA, 1998

Factors Total (n) Odds ratio (OR), crude (95% CI) p OR, adjusted* (95% CI) p

Residential area
Rural 76 1.00 1.00
Urban poor 63 2.70 (1.34, 5.47) 0.006 2.33 (1.12, 4.82) 0.023
Urban middle 118 1.56 (0.83, 2.91) 0.166 1.27 (0.65, 2.45) 0.486
Urban rich 68 3.13 (1.36, 6.25) 0.001 2.59 (1.26, 5.34) 0.010

Diet quality index
High  (7-8) 60 1.00 1.00
Average (5-6) 143 1.33 (0.70, 2.50) 0.278 1.20 (0.72, 1.97) 0.386
Low (2-4) 122 1.42 (0.76, 2.66) 0.170 1.43 (0.75, 2.71) 0.176

Physical activity Score
Low (≤7) 90 1.00 1.00
Average (8 to 10) 155 0.65 (0.39, 1.09) 0.105 0.70 ((0.41, 1.19) 0.188
High (≥11) 80 0.29 (0.15, 0.56) <0.001 0.32 (0.16, 0.34) 0.001

Tobacco
0 – 5 cigarettes/day 309 1.00 1.00
≥6 cigarettes/day 16 2.49 (0.88, 7.02 ) 0.085 1.78 (0.61, 5.22) 0.291

*  Adjusted for age, family history of diabetes and hypertension
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mixture with native Indians, who are notoriously
short.44 Rural men were shorter, and they also have a
lower BMI and WC. For rural people in southern Mex-
ico, access to food is often limited because of lack of
resources.45 This may contribute to a better metabolic
profile (insulin, HOMA, TG, HDL-Cholesterol) through
a more “protective” diet, not by choice but necessity.

We examined the effects of diet on MS controlling
for age and family history of diabetes. Poor and rich
urban subjects whose diet is low on the prevention scale
presented a greater risk of MS compared to rural sub-
jects with a high diet quality index. It is known that a
high fat diet can contribute to the development of
MS,46,47 as is also the case for a high sugar intake.48

The 35.5% rate of abdominal obesity (waist circum-
ference ≥ 94 cm) is impressive, in view of its relation-
ship with metabolic alterations of MS.7,8 In a recent
national study, the cut-off points for BMI and WC to
identify the risk of diabetes mellitus in the Mexican
male population were even lower than international

values (24 for BMI and 88.8 cm for WC).49 For hyperten-
sion the cut-off values were 24.2 and 87.4 cm for BMI
and WC, respectively. It was proposed that the ideal
BMI is less than 22 and ideal WC is less than 83 cm, in
men.49 According to these limits, it can be said that a
very high proportion of the urban population, regard-
less its socio-economic status, is at high risk for diabe-
tes and hypertension.

One strength of this study is the significant pre-
ventive role of physical activity which was observed
in Mexican men vis-à-vis MS. The cross-sectional na-
ture of the study and the exclusion by design of peo-
ple with already diagnosed diabetes may be considered
study weaknesses. Finally, the size of the sample was
not sufficient to manage the interactions with the num-
ber of factors analyzed in the multiple logistic regres-
sion models.

The prevalence of MS in this study was very high,
particularly in the rich or poor urban subjects. Rural
subjects may still be protected by a more active life-

Table V
EXPLICATIVE MULTIPLE LOGISTIC REGRESSION MODEL. RISK ASSOCIATED TO THE PREVALENCE OF METABOLIC SYNDROME

BY RESIDENTIAL AREA AND LIFESTYLE (N = 325 MEN)*

Model:  I Model:  II Model: III
OR (95% CI) OR (95% CI) OR (95% CI)

Including only residence I plus family history II plus family history of
Factors Total (n) area and diet score p of diabetes‡ p diabetes and lifestyle‡ p

Family history of diabetes
No 208 1.00 1.00
Yes 117 2.13 (1.29, 3.52) 0.003 1.98 (1.18, 3.31) 0.009

Residential area§ “preventive” diet score
Rural§ high diet quality index 136 1.00 1.00 1.00
Urban poor§ low diet quality index 24 3.21 (1.34, 7.70) 0.009 3.04 (1.24, 7.45) 0.015 2.52 (1.01, 6.32) 0.049
Urban poor§ average diet quality index 26 2.78 (1.13, 6.82) 0.026 2.43 (0.96, 6.11) 0.060 1.98 (0.77, 5.07) 0.155
Urban middle§ low diet quality index 36 1.36 (0.70, 2.64) 0.290 1.28 (0.57, 2.60) 0.492 0.99 (0.48, 2.04) 0.985
Urban middle§ average diet quality index 46 1.48 (0.72, 3.07) 0.359 1.22 (0.57, 2.60) 0.614 0.88 (0.39, 1.97) 0.757
Urban rich§ low diet quality index 32 5.00 (1.97, 12.60) 0.001 4.80 (1.86, 12.42) 0.001 3.15 (1.51, 8.59) 0.025
Urban rich§ average diet quality index 25 3.35 (1.06, 5.24) 0.036 2.12 (0.92, 4.89) 0.078 1.44 (0.59, 3.51) 0.424

Physical activity Score
Low (≤7) 90 1.00
Average (8 to 10) 155 0.77 (0.44, 1.35) 0.364
High (≥11) 80 0.40 (0.19, 0.86) 0.018

* Estimated odds ratio (OR), confidence interval (95% CI) and level of statistical significance (p)
‡ Models I, II and III were adjusted by age and family history of diabetes
§ Interaction

Model I:   Hosmer and Lemeshow test: (p) 0.426; area under curve: 0.876, CI (95%): 0.829, 0.924
Model II:  Hosmer and Lemeshow test: (p) 0.591; area under curve: 0.884, CI (95%): 0.835, 0.931
Model III: Hosmer and Lemeshow test: (p) 0.676; area under curve: 0.891, CI (95%): 0.845, 0.939
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style and possibly also by a lower access to processed,
energy-dense industrial foods. The results predict a
very devastating epidemiological panorama for Mexi-
co and other countries at similar stages of the nutri-
tion transition, unless appropriate preventive measures
are implemented. Similar preventable factors of CVD
risk have been observed worldwide.50 These factors are
primarily healthier eating and greater physical activi-
ty, as emphasized by WHO in its 2004 strategy.51

Health and nutrition education of the urban Mexi-
can population is compelling, and the role of health in-
stitutions in this regard is critical. Perhaps even more
urgent is urban planning allowing for greater physical
activity, as well as for better transportation and for lei-
sure time recreational activities, even in poorer neigh-
borhoods. This investment would be much smaller than
the massive economic burden associated with an esca-
lating rate of obesity and associated health problems.
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