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Abstract
Objective. To describe the number of Mexican adults with 
undiagnosed diabetes and arterial hypertension and their 
association with obesity. Material and Methods. The 
study included a sub-sample of 6 613 subjects aged 20 years 
or more who participated in the 2006 National Health and 
Nutrition Survey (ENSANUT 2006). Subjects with a previ-
ous diagnosis of diabetes or hypertension (n=1 861) were 
excluded. Prevalences and standard errors were estimated, 
taking into account the complex sample design. Results. 6.4 
million adults have obesity and undiagnosed impaired fast-
ing glucose. Almost two million more have fasting glucose 
levels diagnostic for diabetes. As for arterial blood pressure, 
5.4 million adults had prehypertension. Another 5.4 million 
adults had blood pressure levels suggestive of probable 
hypertension. A total of 21.4 million Mexican adults with 
obesity had at least one further component of the metabolic 
syndrome. Conclusions. A large proportion of adults with 
obesity-related metabolic comorbidities remains undiagnosed 
in Mexico. 
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Resumen 
Objetivo. Estimar el número de adultos mexicanos que tienen 
diabetes o hipertensión arterial no diagnosticadas y el riesgo 
de tales condiciones asociado a la obesidad. Material y mé-
todos. Se analiza una submuestra de 6 613 sujetos mayores 
de 20 años que participaron en la Encuesta Nacional de Salud y 
Nutrición 2006. Los sujetos con diagnóstico previo de diabetes 
o hipertensión arterial fueron excluidos (n=1 861). Las pre-
valencias y errores estándar fueron estimados considerando 
el diseño complejo de la muestra. Resultados. 6.4 millones 
de adultos tienen obesidad y glucemia anormal de ayuno. Casi 
dos millones más tienen una glucemia de ayuno diagnóstica de 
diabetes En cuanto a la presión arterial, 5.4 millones tienen 
prehipertensión. El mismo número de casos tienen valores 
diagnósticos de hipertensión. Un total de 21.4 millones de 
adultos con obesidad tienen al menos un componente del 
síndrome metabólico. Conclusiones. Un alto porcentaje 
de los adultos que tienen comorbilidades metabólicas de la 
obesidad permanecen sin ser diagnosticados en México.
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Obesity is recognized as a preventable disease that 
can be treated through the adoption of a healthy 

lifestyle, including an adequate caloric intake accord-
ing to each individual’s nutritional needs and regular 
physical activity.1,2 Obesity is also a prominent risk factor 
for the development of chronic diseases, such as type 2 
diabetes3,4 and cardiovascular disease.5 Obesity results 
from the combination of genetic6 and enviromental7 fac-
tors. The prevalence of obesity in adults varies from 10% 
to 25% in Western European countries and from 20% to 
25% in Latin American countries. Those percentages rise 
to 40% for women from Eastern Europe and Mediter-
ranean countries, as well as for Afro American women.8 
American Indians and the populations of Latin America 
and of certain Pacific Islands (Melanesians, Micronesians, 
and Polynesians) have the highest prevalences.9 In Latin 
America, data from surveys carried out in Brazil, Mexico, 
and some Caribbean countries show that obesity is an 
increasingly serious public health problem, especially 
among women.10 In Mexico, several research groups 
have described obesity prevalence and obesity-related 
morbidity, as well as the associated risk factors and 
the outcome of a number of prevention and treatment 
programs.11-15 The prevalence of obesity in Mexican 
adults has increased markedly over the years. Data from 
the 1993 National Survey of Chronic Diseases (ENEC) 
showed an obesity prevalence of 21.5%.16 Those from the 
2000 National Health Survey (ENSA) indicated that 24% 
of adults suffered obesity.17 Finally, data from the 2006 
National Health and Nutrition Survey (ENSANUT 2006) 
revealed that 30% of adults of both sexes were obese.18

 Weight loss and the adoption of a healthy lifestyle 
have proved to be the best strategy to prevent type 2 
diabetes and other chronic non-transmissible diseases. 
Thus, the identification of cases of obesity or overweight 
having one or more components of the metabolic syn-
drome is the first step to design a nationwide program 
for the prevention of type 2 diabetes. This information 
is required to assess the resources needed and may be 
useful for the estimation of future incident diabetes. 
 The aim of this report is to describe the number 
of Mexican adults with undiagnosed obesity-related 
metabolic comorbidities (i.e. diabetes and hypertension) 
in the ENSANUT 2006. The identification of this group 
is required because it constitutes the prime target for 
prevention programs. 

Material and Methods
The 2006 National Health and Nutrition Survey (ENSA-
NUT 2006) was designed to collect information about the 
health and nutrition status of the Mexican population, 
the prevalence of certain chronic and infectious diseases, 

and the perception of the population regarding the 
quality and response of health services. A probability, 
multistage, stratified, cluster sample design was used. 
Villages with less than 2 500 inhabitants were considered 
as rural localities. A total of 47 152 households were 
visited; data from 45 446 adults aged 20 years or more 
were gathered through a questionnaire. These subjects 
were asked about previous physician diagnosis of dia-
betes, hypertension, cardiovascular disease, and other 
chronic diseases. Anthropometric measurements were 
made (weight, height, and waist circumference were 
obtained, and blood pressure was measured).
 A subsample of 6 613 participants was randomly 
selected in order to have the statistical power to detect 
conditions (i.e. type 2 diabetes and dyslipidemias) with 
a prevalence rate equal to or above 8%. The subsample 
was balanced by geographic region. Sample weights for 
each participant were calculated in order to estimate the 
total adult population. Given that the participants who 
provided blood were in the slightly lower age range, 
with a higher proportion of women, post-stratification 
weights were calculated for the final subsample. Taking 
into account differences of age and gender distribution 
between the subsample and the 2005 census informa-
tion, final weights were obtained. The ability of this 
subsample to be representative of the Mexican popula-
tion has been assessed and demonstrated in a series of 
reports.18-21 All individuals with previous physician 
diagnosis of diabetes or hypertension were excluded; 
therefore, our study sample was considered to comprise 
4 752 adults.

Definitions

Diabetes was defined by a fasting (8-12 hours) plasma 
glucose ≥ 126 mg/dl. Hypertension was diagnosed 
when systolic blood pressure was ≥140 mmHg or dia-
stolic blood pressure ≥90 mmHg (mean of two readings 
with a 5 minute interval between each). Impaired fast-
ing glucose was defined by a fasting plasma glucose 
of 100-125.9 mg/dl. Pre-hypertension was diagnosed 
when systolic blood pressure was of 120-139 mmHg or 
diastolic blood pressure of 80-89 mmHg. Obesity was 
considered to be present when the body mass index 
(BMI) (estimated by weight/height2) was ≥30kg/m2. 
Overweight was defined as a BMI between 25kg/m2 
and 29.9 kg/m2. Abdominal obesity was defined by 
a waist circumference of >102 cm in men and >88 cm 
in women, according to the American Heart Associa-
tion/National Heart, Lung and Blood Institute [AHA/
NHLBI]),22 and waist circumference >90 cm in men 
and >80 cm in women, according to the International 
Diabetes Federation (IDF).23 Hypercholesterolemia 
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was considered to be present when total cholesterol 
concentrations were ≥200 mg/dl. Hypertriglyceridemia 
was defined by plasma triglycerides concentrations of ≥ 
150 mg/dl. Hypoalphalipoproteinemia was considered 
to be present when HDL cholesterol concentrations 
were <40 mg/dl in men and <50 mg/dl in women. The 
metabolic syndrome was diagnosed using the AHA/
NHLBI criteria.22 This requires the presence of at least 3 
of the following components: waist circumference ≥102 
cm in men and ≥88 cm in women; triglycerides ≥ 150 
mg/dl; HDL cholesterol < 40 mg/dl in men and < 50 
mg/dl in women; systolic blood pressure ≥ 135 mm Hg 
or diastolic blood pressure ≥ 85 mm Hg; and a fasting 
glucose ≥ 100 mg/dl. 

Statistical analysis

Prevalences, standard errors, and frequencies were 
obtained using weighted data and considering the 
complex sample design. In order to determine the 
association between diabetes, hypertension and obe-
sity adjusted for the confounding variables, multiple 
logistic regressions were carried out, including all 
variables that had a univariate correlation coefficient 
with a p-value of less than 0.1. Odds ratio and its cor-
responding 95% confidence interval were obtained as 
a measure of the association. Statistical analyses were 
performed using SAS v9.2, considering the complex 
sample design.

Table I

CharaCteristiCs of the study population (n=4 752). MexiCo, ensanut 2006

Total
% (SE)

Without diabetes or 
hypertension

% (SE)

With undiagnosed 
diabetes
% (SE)

With undiagnosed 
hypertension

% (SE)

With undiagnosed
diabetes and hypertension

% (SE)

Total 77.7 (1.0) 4.8 (0.5) 15.8 (0.8) 1.6 (0.2)

Sex 
Men 47.7 (1.1) 72.6 (1.6) 6.4 (0.9) 19.2 (1.3) 1.7 (0.4)
Women 52.3 (1.1) 82.1 (1.0) 3.7 (0.5) 12.7 (0.9) 1.5 (0.3)

Age
>40 years 37.5 (1.1) 67.2 (1.6) 7.2 (0.8) 22.7 (1.3) 3.0 (0.5)
<= 40 years 62.5 (1.1) 83.7 (1.1) 3.7 (0.7) 11.7 (0.9) 0.8 ((0.3)

Setting
Urban 77.8 (1.1) 77.5 (1.2) 5.3 (0.6) 15.5 (1.0) 1.7 (0.3)
Rural 22.2 (1.1) 77.7 (1.5) 4.0 (0.8) 17.1 (1.3) 1.2 (0.3)

Education <=6 years 44.9 (1.1) 74.9 (1.2) 5.4 (0.6) 17.6 (1.0) 2.2 (0.4)
>6 years 55.1 (1.1) 79.7 (1.4) 4.7 (0.8) 14.4 (1.2) 1.2 (0.3)

SES
Deciles 1 to 4 61.6 (1.3) 78.0 (1.2) 5.0 (0.7) 15.6 (1.0) 1.4 (0.3)
Deciles 5 to 10 38.4 (1.3) 76.8 (1.5) 5.0 (0.8) 16.2 (1.4) 1.9 (0.4)

Smoking
Yes 20.1 (1.0) 74.7 (2.7) 6.5 (1.5) 17.2 (2.1) 1.6 (0.7)
No 80.0 (1.0) 78.3 (1.0) 4.6 (0.5) 15.5 (0.9) 1.6 (0.2)

Alcohol
consumption

Yes 35.2 (1.1) 76.2 (1.8) 5.5(1.0) 16.6 (1.5) 1.7 (0.5)
No 64.8 (1.1) 78.3 (1.1) 4.7 (0.6) 15.4 (1.0) 1.5 (0.2)

Hypertrigly-
ceridemia

Yes 19.7 (1.1) 72.0 (2.3) 6.8 (1.2) 18.6 (2.0) 2.7 (0.8)
No 80.3 (1.1) 79.5 (1.0) 3.9 (0.5) 15.3 (0.9) 1.2 (0.2)

Hypercholes-
terolemia

Yes 22.7 (1.1) 74.1 (2.2) 5.9 (1.0) 18.5 (2.0) 1.5 (0.4)
No 77.3 (1.1) 79.3 (1.0) 4.1 (0.5) 15.3 (0.9) 1.3 (0.2)

High LDL
Yes 5.8 (0.5) 75.0 (3.5) 7.1 (2.0) 17.1 (3.0) 0.8 (0.4)
No 94.2 (0.5) 78.5 (1.0) 4.2 (0.5) 15.9 (0.8) 1.4 (0.2)

Low HDL
Yes 47.2 (1.3) 78.6 (1.3) 4.5 (0.6) 15.1 (1.1) 1.8 (0.3)
No 52.8 (1.3) 77.5 (1.4) 4.5 (0.7) 16.7 (1.1) 1.3 (0.3)

Abdominal 
obesity

Yes 38.0 (1.2) 70.6 (1.7) 7.1 (1.0) 19.4 (1.4) 3.0 (0.5)
No 62.0 (1.2) 81.1 (1.3) 3.7 (0.6) 14.3 (1.0) 0.9 (0.3)

Obesity
Yes 25.2 (1.0) 68.5 (1.9) 7.6 (1.3) 21.4 (1.6) 2.5 (0.7)
No 74.8 (1.0) 80.7 (1.1) 3.9 (0.5) 14.1 (0.9) 1.3 (0.3)

Data are presented as prevalences and standard error (SE)
SES=Socioeconomic status
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Results
Table I summarizes the characteristics of the study popu-
lation, which consisted of 4 752 adults representing 41 
million Mexican adults aged 20 years or more. 
 Prevalence of obesity in this study group was 25.2%, 
being higher in women (29.8%) than in men (20.1%), and 
in individuals aged 40 years or more (30.8 vs 21.9%). The 
prevalence of undiagnosed diabetes was 6.5% (8.0% in 
men and 5.1% in women). Prevalence of undiagnosed 
hypertension was 17.5% (21% in men and 14.2% in 
women). 
 Of the population with obesity, 83.4% lived in urban 
areas, 49.4% had 6 years or less of schooling and 59.4% 
were in the lowest deciles of socioeconomic status. Also, 
25.3% had hypertriglyceridemia, 23.9% had hypercholes-
terolemia, and 56.4% showed low levels of HDL choles-
terol. In addition, 86.3% had abdominal obesity (according 
the AHA/NHLBI criteria). Ten percent of the individuals 
with obesity had blood glucose levels above 126 mg/dl, 
and 23.9% had undiagnosed arterial hypertension. 
 Because ENSANUT 2006 is representative of Mexi-
can adults, we can estimate the number of cases existing 
nationwide (table II). After excluding the previously 
diagnosed cases with diabetes and/or arterial hyperten-
sion, 6.4 million adults were shown to have obesity and 
undiagnosed impaired fasting glucose (100-126 mg/
dl); the majority was over 40 years old. A further two 
million individuals, mostly men, have serum glucose 
levels of 126mg/dl or higher. In regard to arterial blood 
pressure, 5.4 million adults, the majority of whom were 
male, had pre-hypertension. Likewise, a further 5.4 mil-
lion adults had blood pressure levels compatible with 

arterial hypertension. A total of 19.2 million Mexican 
adults with obesity had at least one component of the 
metabolic syndrome; of these, 13.3 million showed two 
or more components, and 5.4 million had three or more 
components (table III).
 Individuals with obesity had a 74% greater prob-
ability of having diabetes compared with non-obese 
individuals. Likewise, they had a 72% greater probability 
of having hypertension compared with the non-obese 
population. Those associations were obtained after 
adjustment for sex and age (table IV). By using central 
obesity as an independent variable, we found that the 
population with abdominal obesity had three times more 
risk for diabetes and two times more risk of hypertension 
than individuals without central obesity (table IV). 

Discussion
Mexico faces an epidemic of non-transmissible chronic 
diseases as a result of the increasing prevalence of obe-
sity. This study, which is a secondary analysis of the 
ENSANUT 2006 survey, shows that a high percentage 
of persons whose BMI is above 25 kg/m2 have dia-
betes or hypertension, but have not been diagnosed. 
This indicates that our health system is not detecting 
and preventing chronic diseases efficiently, even in 
those cases in which risk factors are evident. Our data 
provide evidence that supports the systematic search 
for diabetes and hypertension in every patient with 
abdominal adiposity.
 Diabetes prevention programs have been shown to 
be an effective approach to decrease the incidence of type 
2 diabetes.24 The intervention includes the adoption of a 

Table II

population (in thousands) with overweight or obesity, with undiagnosed iMpaired fasting gluCose,
diabetes, prehypertension and hypertension, by age group and sex. MexiCo, ensanut 2006

Age group and sex Impaired fasting glucose  
(100-125 mg/dl)

Type 2 diabetes
(>= 126 mg/dl)

Prehypertension
(130-139/80-89)

Hypertension
(>=140/90)

20 to 39 years old 2 975 773 2 600 2 425
      Men 1 405 391 1 600 1 513
      Women 1 570 382 1 000 912
40 years old or more 3 457 1 205 2 858 2 996
      Men 1 499 690 1 469 1 581
      Women 1 958 514 1 388 1 415
Total 6 432 1 978 5 458 5 421
      Men 2 904 1 082 3 069 3 094
      Women 3 528 896 2 389 2 327

Frequencies were obtained using weighted data and considering the complex sample design
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healthy lifestyle, a diet program and increased physical 
activity. The efficacy of the intervention heavily depends 
on inducing weight loss. Several drugs (i.e. metformin) 
have been shown to delay the onset of the disease, but 
their use is still debated at population level.25 Diabetes 
prevention programs can be prescribed in primary care 
clinics and are relatively inexpensive.26 However, their 
implementation requires a proper organization of the 
health services and the identification of the populations 
at risk. Age, family history and adiposity are the main 
risk factors for type 2 diabetes.21 These conditions can 
easily be detected by physicians and health personnel 

every time a member of the population requests a con-
sultation. Our data show that close to 10 million Mexi-
cans are at risk of developing diabetes or hypertension 
over the next 10 years. Excess body weight should be 
used as a screening tool for detecting cases of diabetes 
and/or high blood pressure. This recommendation is 
based on the high risk that obese individuals have of 
developing type 2 diabetes and arterial hypertension. 
However, a large number of cases remain undiagnosed 
and as a result do not have the opportunity of participat-
ing in a prevention program. Almost two million adults 
with excess body weight have undiagnosed diabetes. 
Our data suggest that patients and physicians do not 
recognize obesity as a criterion for diabetes and arterial 
hypertension screening. About eight million people in 
Mexico are obese or overweight and have undiagnosed 
impaired fasting glucose or diabetes; they must receive 
medical treatment in order to lower the incidence of 
new cases of diabetes or to manage hyperglycemia. 
The same is true for the prevention and/or treatment of 
arterial hypertension; the target population in this case 
is close to 11 million individuals. Therefore, our health 
care system must modify its screening procedures and 
initiate treatment of these individuals. 
 Our data will help decision-makers plan and imple-
ment diabetes prevention programs. The magnitude of 
the challenge is considerable. A nationwide training 
program for primary care physicians is urgently needed 
to improve their ability to screen for chronic diseases 
and treat obesity. Resources and medications should 
be allocated to all primary care clinics to diagnose and 
manage obesity-related comorbidities. Multidisciplinary 
teams capable of providing efficient treatment for obe-
sity should be available in every region.27 

Table IV

assoCiation between undiagnosed,
adjusted diabetes and hypertension and obesity.

MexiCo, ensanut 2006

Obesity
(BMI ≥30 kg/m2)

Abdominal obesity
(Men≥102 cm, women ≥82 cm)

OR (95% CI) OR (95% CI)

Diabetes

      Obesity 1.74 (1.34-2.25) 3.13 (2.08-4.69)

      Male gender 1.21 (0.94-1.56) 2.13 (1.47-3.09)

      Age >40 years 2.21 1.68-2.92) 2.43 (1.55-3.80)

Hypertension

      Obesity 1.72 1.36-2.19) 2.22 (1.66-2.98)

      Male gender 1.83 (1.44-2.33) 2.43 (1.81-3.26)

      Age >40 years 2.25 (1.78-2.84) 2.13 (1.68-2.71)

Multiple logistic regression models were built, considering all variables with 
a correlation coefficient with a p value >0.1

Table III

population (in thousands) with overweight or obesity aCCording to the nuMber of MetaboliC syndroMe*
traits, by age group and sex. MexiCo, ensanut 2006

Age group and sex At least one trait One trait Two traits Three or more traits

 20 to 39 years old 11 010 3 728 4 486 2 796
 Men 4 557 1 970 1 542 1 045
 Women 6 453 1 759 2 944 1 750
40 years old or more 8 246 2 220 3 379 2 647
 Men 3 602 1 275 1 349 978
 Women 4 642 944 2 030 1 668
Total 19 257 5 948 7 865 5 444
 Men 8 163 3 246 2 892 2 025
 Women 11 095 2 703 4 973 3 419

* In accordance with the AHA/ NHLBI criteria
Frequencies were obtained using weighted data and considering the complex sample design
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 A limitation of the study is the use of fasting blood 
glucose levels, a technique employed in field surveys; 
other parameters are necessary to confirm the diagnosis 
of diabetes (i.e oral glucose tolerance test or a second 
fasting plasma glucose value).
 In conclusion, a large number of Mexican adults 
who are at risk of type 2 diabetes and arterial hyper-
tension, based on their body weight, fasting plasma 
glucose and blood pressure, are currently undiagnosed. 
The systematic detection of abdominal obesity may be 
helpful to remedy this problem. Our health care system 
must modify procedures in order to identify and initiate 
treatment in these individuals.

Declaration of conflict of interests: The authors declare that they have no 
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