
ARTÍCULO ORIGINAL

S338 salud pública de méxico / vol.49, suplemento 3 de 2007

Barquera S y col.

Dyslipidemias and obesity in Mexico
Simón Barquera, MD, MS, PhD,(1) Mario Flores, MD, MS,(1) Gustavo Olaiz-Fernández, MD, MSP,(2)

Eric Monterrubio, MS,(1) Salvador Villalpando, MD, PhD,(1) Carlos González, MD,(1)

Juan Ángel Rivera, MS, PhD,(1) Jaime Sepúlveda, MC, M en C, D en C.(1)

(1) Instituto Nacional de Salud Pública. México.
(2) Secretaría de Salud. México.

Received on: February 2, 2006 • Accepted on: October 20, 2006
Address reprint requests to: PhD. Simón Barquera. Instituto Nacional de Salud Pública. Av. Universidad 655, Col. Santa María Ahuacatitlán.

62508 Cuernavaca, Morelos, México.
E-mail: sbarquera@insp.mx

Barquera S, Flores M, Olaiz-Fernández G, Monterrubio E,
Villalpando S, González C, Rivera J, Sepúlveda J.

Dyslipidemias and obesity in Mexico.
Salud Publica Mex 2007;49 suppl 3:S338-S347.

Abstract
Objective. To describe in a national sample 1) the mean total 
cholesterol (TC), HDL-cholesterol (HDLc) and triglyceride 
(TG) concentrations, 2) the prevalence of the most common 
lipid abnormalities and 3) the association between obesity 
and these conditions. Material and Methods. We analyzed 
the nationally representative, cross-sectional Mexican Health 
Survey (2000). The final analytic sample used consisted of 
2 351 individuals at fasting state. TC, HDLc and TG were 
determined. BMI was classified according to the WHO cut-
off points. Sex-specific means and 95% confidence intervals 
(95%CI) were calculated by age group for TC, HDLc and 
TG. The prevalence of: a) hypercholesterolemia (HC), b) 
hypoalphalipoproteinemia (HA), c) hypertriglyceridemia 
(HT), d) HT with HA and e) HC with HT was calculated 
adjusting for age. Multivariate logistic regression models 
were estimated to analyze the association of obesity to the 
prevalence of dyslipidemias. Results. The mean TC, HDLc, 
and TG concentrations were: 197.5 mg/dl (95% CI= 194.0, 
201.1), 38.4 mg/dl (95% CI= 37.2, 39.5) and 181.7 mg/dl (95% 
CI= 172.7, 190.6), respectively. HC was present in 40.5% of 
the adult females (95% CI=35.5, 45.4) and 44.6 of the adult 
males (95% CI=37.7, 51.4); HA was the most prevalent form 
of dyslipidemia, present in 64.7% (95% CI=58.7, 70.8) and 
61.4% (95% CI=54.4, 68.3) of females and males, respectively. 
Obesity increased ~1.4 times the probability ratio (PR) of 
having HC among women and 1.9 among men. Conclusion. 
TC concentrations from our study in Mexico were similar 
to those found for Mexican-Americans and the prevalence 
of HC was slightly lower than the one reported in the US; 
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Resumen
Objetivo. Describir en una muestra nacional las concentra-
ciones de 1) colesterol total (CT), colesterol-HDL (cHDL) y 
triglicéridos, 2) la prevalencia de las anomalías lipídicas más 
comunes y 3) identificar la asociación entre obesidad y estas 
condiciones. Material y métodos. Se analizó la Encuesta 
Nacional de Salud (2000), una encuesta representativa y trans-
versal. La muestra analítica final consistió en 2 351 individuos 
en ayuno. Se determinaron las concentraciones de CT, cHDL 
y TG. El índice de masa corporal se clasificó de acuerdo con 
los puntos de corte de la OMS. Se calcularon las medias y el 
intervalo de confianza del 95% (IC95%) estratificado por sexo 
para CT, cHDL y TG. La prevalencia de a) hipercolesterolemia 
(HC), b) hipoalfalipoproteinemia (HA), c) hipertrigliceridemia 
(HT), d) HT con HA y e) HC con HT se calculó ajustando 
por edad. Se estimaron modelos de regresión logística 
multivariada para analizar la asociación de la obesidad a la 
prevalencia de dislipidemias. Resultados. Las medias de CT, 
cHDL y TG fueron: 197.5 mg/dl (IC95%= 194.0, 201.1), 38.4 
mg/dl (IC95%= 37.2, 39.5) y 181.7 mg/dl (IC95%= 172.7, 190.6) 
respectivamente. La prevalencia de HC fue de 40.5% en muje-
res (IC95%=35.5, 45.4) y 44.6 en hombres (IC95%=37.7, 51.4); 
HA fue la forma más prevalente de dislipidemia, presente en 
64.7% (IC95%=58.7, 70.8) y 61.4% (IC95%=54.4, 68.3) de las 
mujeres y los hombres respectivamente. La obesidad aumentó 
~1.4 veces la razón de probabilidad de tener HC en mujeres 
y 1.9 en hombres. Conclusión. Las concentraciones de CT 
de nuestro estudio fueron similares a las encontradas en 
mexicanos residentes en los EUA y la prevalencia de HC 
fue ligeramente menor que la reportada en dicho país; sin 
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however, it increased ~26% from 1988 to 2000. HA was the 
most frequent lipid abnormality followed by HT. Regions 
showed no significant differences, contrary to what has been 
previously reported.

Keywords: triglycerides; HDL-cholesterol; central adiposity; 
overweight; national surveys; Mexico

embargo aumentó ~26% de 1988 a 2000. Las HA fueron la 
anomalía lipídica más frecuente seguida de HT. Las regiones 
no mostraron diferencias significativas, contrario a lo que se 
había reportado previamente.

Palabras clave: triglicéridos; colesterol HDL; adiposidad cen-
tral; sobrepeso; encuestas nacionales; México

Mexico is a middle-income country which has ex- 
perienced in the last decades a significant shift in 

socio-economic conditions and urbanization, with an 
impact on diet and sedentary life styles. These changes 
have been associated with the epidemiologic transition 
currently experienced in diverse developing countries, 
characterized by high prevalences of obesity and nu-
trition-related, non-communicable chronic diseases 
(NCCDs).1,2 The development of a national system of 
health surveys has allowed the identification of diverse 
public health problems in Mexico, such as nutrition-
related NCCDs. In order to face the resulting rapid rise 
in mortality, the National Health Plan (2001-2006) is ad-
dressing for the first time, explicitly as health priorities, 
diverse emerging diseases such as obesity, diabetes, high 
blood pressure and dyslipidemias.3
 Hypercholesterolemia and other blood lipid abnor-
malities are major modifiable risk factors for coronary 
heart disease (CHD),4-6 and represent the second cause 
of general mortality in the country with 10.8% of all-
cause mortality (2003).7 However, the characteristics 
of hypercholesterolemia in Mexico have only been 
described at the national level recently.8-11 The National 
Seroepidemiologic Survey (1988) reported higher cho-
lesterol levels and prevalences of hypercholesterolemia 
between the more developed north and the less devel-
oped south country regions. On average, it was found 
that Mexico had lower mean total cholesterol concen-
trations than populations from the US and Europe; 
however, these concentrations were similar to those of 
subjects from the north country region.9 High-density 
lipoprotein cholesterol (HDLc) was not determined in 
that survey, but a study in urban population of Mexico 
City reported low mean concentrations.12 The National 
Chronic Diseases Survey (1994) provided information 
about HDLc and other lipid abnormalities in urban areas 
of the country.10,13 Using this survey, Aguilar-Salinas et 
al, found that low HDLc (<0.9 mmol/L [<35mg/dl]) 
concentrations was the most prevalent lipid abnormal-
ity (46.2% in men and 28.7% in women). This study 
compared the mean lipid concentrations with results 

from other populations, finding that urban Mexicans 
had the higher values for triglycerides and the lowest 
for HDLc. 
 The objective of this study is to describe in a national 
sample a) the mean total cholesterol, HDL-cholesterol 
and triglycerides concentrations, b) the prevalence of the 
most common lipid abnormalities stratified by sex, age, 
area and region, as well as c) to identify the association 
between body mass index and central adiposity with 
these conditions.

Material and Methods
The present study used data from the nationally repre-
sentative, cross-sectional Mexican Health Survey (MHS), 
implemented in 2000.14 A multi-stage sampling proce-
dure was used. A detailed description of the sampling 
design and methods is available in this supplement.15 

From the primary sampling units, a total of 45 726 
households were selected, which included 24 856 men 
and 26 747 women over the age of twenty years from 
urban and rural areas. A structured questionnaire was 
used to obtain socio-demographic data, family history, 
clinical symptoms, and medical treatment for various 
chronic diseases. A single blood sample was drawn by 
trained personnel from approximately 44 000 cases and 
the serum was frozen at -150° C degrees until analysis. For 
the purpose of this study, all individuals who had a 9- to 
12-h fasting period at the moment of the blood collection 
were selected (n=2 478). Diverse biochemical parameters 
were measured in these subjects. The final analytic 
sample for blood lipids consisted of 2 351 individuals. 
There were no statistically significant differences be-
tween fasting (FA) and non-fasting (NFA) cases for the 
following individual and socio-demographic variables: 
sex, education, location, and region. Small differences 
were found in age (FA= 38.9±15.6 years, NFA=41.8±16.2 
years), weight (FA= 66.9±14.7 kg, NFA=67.7±15.1 kg), 
and height (FA= 157.5±9.6 cm, NFA=156.7±9.4 cm). 
Blood pressure was similar between the fasting and non-
fasting cases (FA= systolic= 121±0.6, diastolic=80±0.5 
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mmHg), (NFA= 123±0.1, diastolic=80.0±0.1). The preva-
lence of high blood pressure was higher in NFA (34.9%) 
than in FA (31%, p<0.01). The prevalence of medical 
diagnosis of hypercholesterolemia was similar between 
the groups (NFA= 7.6%, FA=6.5%, p=0.06).
 Consent for participation was obtained from all 
participants. The project was approved by the scientific 
and ethics committees of the National Institute of Public 
Health. In addition, data collection was implemented 
considering the confidentiality and reserve rights 
stipulated by the Mexican Statistical and Geographic 
information law.16

Cholesterol and dyslipidemias

The blood samples of fasting individuals were analyzed 
to determine serum total cholesterol, high-density cho-
lesterol (HDLc) and triglycerides using a semi-automatic 
spectrophotometer (Prestige 241- Boeki Medical Systems 
LTD, Tokyo, Japan) in our Nutrition and Metabolism lab-
oratory at the National Institute of Public Health. Hyper-
cholesterolemia was defined as a serum concentration 
≥200 mg/dl (5.2 mmol/L), hypoalphalipoproteinemia 
was defined as a HDL cholesterol (HDLc) concentra-
tion <40 mg/dl (1.0 mmol/L), hypertriglyceridemia 
was defined as a serum concentration ≥150 mg/dl (1.7 
mmol/L).17 In addition, the prevalence of the following 
dyslipidemias is described: Hypertriglyceridemia with 
hypoalphalipoproteinemia, defined as triglycerides 
≥200 mg/dl (2.26 mmol/L) and HDL cholesterol <35 
mg/dl (0.9 mmol/L) and mixed dyslipidemias, defined 
as triglycerides ≥200 mg/dl (2.26 mmol/L) and choles-
terol ≥ 240 mg/dl (6.31 mmol/L).10

Anthropometric variables

Following internationally accepted techniques, standard-
ized personnel measured height to the nearest 0.1 cm, 
using a stadiometer (model 202, Seca Ltd, Birmingham, 
UK) and weight using a digital scale (1631 solar scale, 
Tanita Corp, Tokyo, Japan) with an error of 5 mm and 
0.1kg, respectively. Waist circumference (WC) was mea-
sured at the mid point between the highest part of the 
iliac crest and the lowest part of the ribs margin of 
the median axial line. The body mass index (BMI) was 
calculated by dividing the weight in kilograms by the 
height in m2 and categorized according to the World 
Health Organization (WHO) cut-off points into: normal 
weight (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2) 
and obesity (≥30 kg/m2);18 if WC was ≥102 cm in males 
or ≥88 cm in females the subject was classified as having 
abdominal adiposity based on the National Institutes of 
Health guidelines.17

Geographic regions

The regions were defined as follows: North region (Baja 
California, Southern Baja California, Coahuila, Durango, 
Nuevo Leon, Sonora, Sinaloa, Tamaulipas and Zacatecas), 
Central region (Aguascalientes, Colima, Guanajuato, 
Hidalgo, Jalisco, Mexico, Michoacan, Nayarit, Quere-
taro, San Luis Potosi and Tlaxcala), Metropolitan area 
of Mexico City and South Region (Campeche, Chiapas, 
Guerrero, Morelos, Oaxaca, Puebla, Quintana Roo, 
Tabasco, Veracruz and Yucatan). This regionalization 
scheme has been used in many epidemiologic transi-
tion analyses for within country comparisons.19,20 The 
North region is highly industrialized and productive, 
with lower unemployment rates than the rest of the 
country. This region has also a close cultural and eco-
nomic relationship with the southern border of the US. 
The Central region is less developed than the North 
but includes some major cities such as Guadalajara. 
Mexico City is highly urbanized, and the most hetero-
geneous country region with approximately 20 million 
inhabitants; it has high immigration from the southern 
states and poverty pockets, together with good access 
to many types of subsidies and basic services. Finally, 
the South region is less developed, with higher poverty 
rates, maternal and child undernutrition, the highest 
rates of infant mortality and the highest proportion of 
indigenous inhabitants.

Statistical analysis

Due to the characteristics of the survey design, in the 
present study the estimates were calculated controlling 
for intra-cluster correlation using STATA 8.2 (College 
Station, TX, USA).* First, a descriptive analysis of the 
population characteristics was conducted. Sex-specific 
means and 95% confidence intervals (95%CI) were cal-
culated by age group for total cholesterol, HDLc and 
triglycerides. In a second step, age-adjusted, sex-specific 
means were estimated stratifying by: BMI, abdominal 
obesity, region and area. 
 The sex-specific prevalence and 95% CI of: a) hy-
percholesterolemia, b) hipoalhpalipoproteinemia, c) 
hypertriglyceridemia, d) hypertriglyceridemia with 
hypoalphalipoproteinemia and e) mixed dyslipidemias 
were calculated first by age group and subsequently by 
region and area, adjusting for age. Next, five non-con-
ditional multivariate logistic regression models were 

* Stata Corp. Stata reference manual. Release 7. College Station, TX, 
USA: Stata Press, 2001.
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estimated to analyze by sex, the contribution of BMI 
category (normal, overweight and obese) or abdominal 
adiposity as the main independent variables, to the 
prevalence of the five previously defined dyslipidemias. 
Other explored variables included in the models as 
potential confounders include: age, familiar history of 
dyslipidemias; country region; previously diagnosed 
hypercholesterolemia and tobacco consumption (num-
ber of cigarettes smoked/day). Only those variables that 
had values higher than p<0.25 in the bivariate analysis 
were included. Control variables significant or margin-
ally significant (p<0.09) were kept in the final models. 
Interactions that were important from a theoretical point 
of view such as BMI category and abdominal adipos-
ity by region were tested, however, no interaction was 
significant at a p<0.15 level. The model’s adjustment 
was carried out using maximum likelihood estimates 
and considering a p-value cutoff point of >0.10 which 
indicated an appropriate adjustment. Probability ratios 
were estimated from odds ratios using the method 
proposed by Zhang.21,22 As a final step we calculated 
the probabilities of having hypercholesterolemia, 
hypoalphalipoproteinemia and hypertriglyceridemia 
and any possible combination of these abnormalities in 
the analytic sample and in the obese and normal groups, 
and represented the obtained coefficients of normal and 
obese subjects in two area-proportional Venn diagrams 
to visually convey information about their interacting 
characteristics.23

Results
Our study included 2 351 adults ≥ 20-y of age from the 
Mexican National Health Survey (2000) who where at 
fasting during the interview. The mean total cholesterol 
(TC), HDLc, and triglycerides (TG) concentrations were: 
197.5 mg/dl (95%CI= 194.0, 201.1), 38.4 mg/dl (95%CI= 
37.2, 39.5) and 181.7 mg/dl (95%CI= 172.7, 190.6) 
respectively. A total of 38.2% of the population were 
overweight (37.6% females, 38.8% males) and 21.1% 
were obese (26.5% females, 16.0% males). Abdominal 
obesity was present in 38.2% of the cases (58.0% females, 
19.6% males).
 Table I shows the mean cholesterol, HDLc and tri-
glycerides concentrations by age group. Adults 20-29-y 
of age had significantly lower TC and TG concentra-
tions compared to adults >29-y of age. HDLc showed 
no statistically significant differences by age group. 
Males had significantly higher TG concentrations than 
females (199 vs 163 mg/dl p<0.05), but no statistically 
significant differences were found by sex for TC and 
HDLc. Less than 7% of our population had been previ-
ously diagnosed with hypercholesterolemia. Mean TC, 

HDLc and TG concentrations were estimated by BMI 
category, abdominal obesity category, region and area, 
finding only a few statistically significant differences 
after adjusting by age (Table II). Females with abdominal 
obesity had higher TC (200 vs 187 mg/dl, p<0.05) and 
TG (179 vs 135 mg/dl, p<0.05) than those without it, 
but showed no significant difference by BMI category. 
Males showed lower concentrations of TC and TG in 
normal BMI adults compared to overweight and obese 
but no significant differences were observed for HDLc. 
In this group, abdominal obesity was only associated 
to higher concentrations of triglycerides (253 vs 190 
mg/dl, p<0.05). No statistically significant differences 
were found by region or area for males or females with 
the exception of TC in males, which was higher in the 
central region than in the south region (206 vs 187 mg/dl, 
p<0.05).
 Prevalences of the five previously described dysli-
pidemias are presented stratified by sex, age, region and 
area in table III. Hypercholesterolemia (TC >200 mg/dl) 
was present in 40.5% of the adult females (95%CI= 35.5, 
45.4) and 44.6 of the adult males (95%CI= 37.7, 51.4); 
hypoalphalipoproteinemia (HDLc<40 mg/dl) was the 
most prevalent form of dyslipidemia, present in 64.7% 
(95%CI= 58.7, 70.8) and 61.4% (95%CI= 54.4, 68.3) of 
females and males, respectively. Hypertriglyceridemia 
with hypoalphalipoproteinemia and mixed dyslipid-
emias were significantly more prevalent in males than 
in females.
 Table IV shows the prevalence ratios (PR) of having 
a dyslipidemia by BMI or abdominal adiposity stratify-
ing by sex and adjusting for age and other previously 
mentioned confounders. In females, obesity and ab-
dominal obesity increased ~1.4 the PR of having hyper-
cholesterolemia, but overweight was not significantly 
associated. In males, overweight increased 1.5 the PR 
and obesity increased it by 1.93, but abdominal obesity 
did not increase significantly the adjusted PR of having 
hypercholesterolemia. Hypoalphalipoproteinemias were 
not associated to BMI category or abdominal obesity in 
males or females. Hypertriglyceridemia was associated 
to both obesity category and abdominal obesity in males 
and females. Hypertriglyceridemia with hypoalph-
alipoproteinemia had no significant associations with 
the adiposity indicators in females and males. Mixed 
dyslipidemias increased with BMI category and had 
a significant test for trend in males but not in females. 
Obese males were 5.25 times more likely to have mixed 
dyslipidemias than normal males (95% CI= 2.48, 9.42). 
The age and sex-adjusted probabilities of having more 
than one lipid abnormality in obese Mexican adults com-
pared to those of normal BMI is illustrated in Figure 1 
with Venn diagrams for (a) cases classified as normal and 
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(b) those with obesity. The probabilities of co-existence of 
hypercholesterolemia, hypoalphalipoproteinemia, and 
hypertriglyceridemia are represented by the primary 
circles (1, 2, 3 respectively), and the combinations of these 
conditions are represented by the overlap areas within 
the circles. This figure shows that hypoalphalipoprotein-
emia is the dyslipidemia with the highest probability of 
occurrence in Mexicans. Adults with obesity had higher 
probability coefficients for most of the combinations of 
lipid abnormalities. 

Discussion
This study shows the mean concentrations of total 
cholesterol (TC), HDL cholesterol (HDLc) and triglyc-

erides (TG), as well as their association with overweight 
and obesity as BMI categories, and with abdominal 
adiposity in the sample of fasting adults from the MHS 
(2000). Cholesterol concentrations from our study 
in Mexico are remarkably similar to those found for 
Mexican-Americans participating in NHANES,24 and 
the prevalence of hypercholesterolemia is slightly lower 
than the reported average in the US.25 However, whether 
continued increase in cholesterol concentrations will 
occur in Mexico is not clear, but may be likely to occur, 
given the observed trend where hypercholesterolemia 
increased ~5% from 198811 to 1994 and 21% from 199410 
to 2000 (this study). Recently, we documented a 29% 
increase in fat intake as percentage of total calories 
in the country, from 1988 to 1999.26 This is a relevant 

Table I

CONCENTRATIONS OF CHOLESTEROL, HDL-CHOLESTEROL AND TRIGLYCERIDES IN MEXICAN ADULTS*.
MEXICAN HEALTH SURVEY, 2000

Age group Both sexes (n=2,351) Females (n=1,552) Males (n=799)
  (years) Mean (95%CI) Mean (95%CI) Mean (95%CI)

Cholesterol (mg/dl)‡

 20-29 184.0 (178.6, 189.4) 181.1 (175.9, 186.2) 186.6 (177.8, 195.5)

 30-39 201.2 (195.4, 206.9) 195.7 (188.5, 202.8) 206.7 (197.3, 216.0)

 40-49 214.7 (208.5, 220.9) 210.7 (203.7, 217.7) 218.7 (207.5, 229.9)

 50-59 216.8 (207.7, 225.9) 223.4 (210.7, 236.1) 210.6 (198.6, 222.7)

 ≥ 60 212.7 (202.9, 222.5) 222.4 (206.5, 238.3) 203.9 (193.0, 214.8)

 Total (≥20) 197.5 (194.0, 201.1) 196.2 (191.7, 200.7) 198.8 (193.1, 204.5)

HDL-cholesterol (mg/dl)‡

 20-29 35.8 (34.2, 37.4) 35.8 (33.9, 37.8) 35.8 (33.5, 38.1)

 30-39 39.7 (37.8, 41.5) 39.3 (37.1, 41.5) 40.0 (37.2, 42.9)

 40-49 40.7 (38.8, 42.7) 40.1 (38.2, 42.0) 41.4 (38.2, 44.6)

 50-59 41.6 (39.7, 43.5) 43.0 (40.5, 45.6) 40.3 (37.5, 43.1)

 ≥ 60 41.2 (39.2, 43.2) 43.5 (40.8, 46.2) 39.1 (36.3, 41.8)

 Total (≥20) 38.4 (37.2, 39.5) 38.6 (37.2, 40.0) 38.1 (36.4, 39.9)

Triglycerides (mg/dl)§

 20-29 144.6 (133.8, 155.4) 131.5 (119.3, 143.7) 156.3 (139.5, 173.0)

 30-39 210.5 (190.3, 230.8) 175.3 (155.3, 195.3) 245.7 (210.8, 280.7)

 40-49 208.9 (182.4, 235.5) 177.4 (158.6, 196.2) 240.5 (192.2, 288.8)

 50-59 243.7 (202.5, 284.9) 236.4 (184.4, 288.4) 250.4 (187.9, 313.0)

 ≥ 60 211.1 (183.1, 239.2) 212.9 (184.9, 240.9) 209.5 (172.1, 246.9)

 Total (≥20) 181.7 (172.7, 190.6) 162.9 (154.3, 171.6) 199.5 (184.0, 214.9)

   %   %   %

Medical diagnosis of hypercholesterolemia 6.1 (4.5, 7.6) 6.7 (4.8, 8.6) 5.5 (3.4, 7.5)

* Adults were in a 9- to 12-h fasting state. Estimates and 95% Confidence Intervals (95%CI) were adjusted for the complex survey design
‡ To convert to mmol/L divide by 38.67
§ To convert to mmol/L divide by 88.57
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determinant of serum total cholesterol and the trend in 
Mexico is contrary to the one in the US where a decrease 
in fat consumption has been observed as well as a reduc-
tion of cardiovascular mortality.27,28 If fat consumption 
remains with a similar trend in Mexico, it is likely that 
the prevalence of hypercholesterolemia will increase in 
the next years. Cholesterol-lowering medications have 

been identified as a potential important factor for the 
reduction of cholesterol levels in the US. In Mexico, only 
~6% of the population acknowledged to have a previous 
medical diagnose of this condition. Thus, pharmaco-
logical treatment is not likely to be a factor producing 
effects at the population level at this time. As has been 
concluded from earlier studies, hypoalphalipoprotein-

Table II

CONCENTRATIONS OF CHOLESTEROL, HDL-CHOLESTEROL AND TRIGLYCERIDES IN MEXICAN ADULTS

BY BODY MASS INDEX AND ABDOMINAL OBESITY CATEGORY*

  Cholesterol (mg/dl)‡ HDL-C# (mg/dl)‡ Triglycerides (mg/dl)§

  Mean (95% CI)& Mean (95% CI)& Mean (95% CI)&

Females
 Body Mass Index≠ Normal 192.6 (186.5, 198.7) 39.2 (37.1, 41.4) 147.3 (129.5, 165.1)
  Overweight 195.3 (189.8, 200.8) 38.2 (36.7, 39.6) 168.2 (154.9, 181.6)
  Obese 202.8 (196.6, 209.0) 38.4 (36.5, 40.2) 183.7 (166.9, 200.4)

 Abdominal Obesity∞ No 186.5 (180.7, 192.3) 37.5 (35.4, 39.6) 135.0 (121.2, 148.8)
  Yes 199.9 (195.5, 204.3) 38.2 (37.0, 39.5) 178.8 (165.3, 192.3)

 Region North 193.3 (182.4, 204.3) 36.4 (33.3, 39.6) 147.7 (130.3, 165.2)
  Central 198.6 (194.0, 203.1) 40.0 (38.2, 41.9) 163.1 (151.9, 174.3)
  Mexico city 202.3 (181.2, 223.4) 34.8 (28.4, 41.3) 139.9 (124.4, 155.5)
  South 187.9 (182.1, 193.8) 36.4 (34.4, 38.4) 165.3 (147.8, 182.7)

 Area Rural 193.3 (188.4, 198.1) 37.9 (36.6, 39.3) 164.7 (153.1, 176.2)
  Urban 196.2 (191.3, 201.2) 38.7 (36.5, 40.9) 159.5 (147.2, 171.8)

Males
 Body Mass Index≠ Normal 189.4 (182.5, 196.2) 37.5 (35.3, 39.7) 165.1 (144.1, 186.0)
  Overweight 206.7 (197.4, 216.0) 38.8 (36.3, 41.3) 219.8 (193.4, 246.3)
  Obese 217.2 (207.7, 226.6) 39.0 (36.7, 41.3) 284.8 (247.5, 322.0) 

 Abdominal Obesity∞ No 198.1 (192.4, 203.9) 38.3 (36.5, 40.0) 190.3 (175.1, 205.6)
  Yes 207.6 (198.0, 217.1) 37.7 (35.2, 40.2) 253.3 (216.5, 290.8)

 Region North 201.4 (191.0, 211.8) 36.6 (33.8, 39.4) 193.0 (158.9, 227.1)
  Central 205.9 (197.1, 214.7) 40.3 (37.7, 42.8) 205.5 (185.5, 225.6)
  Mexico city  –   –   –
  South 187.0 (179.8, 194.3) 35.8 (33.5, 38.0) 195.6 (166.8, 224.5)

 Area Rural 194.6 (185.7, 203.4) 38.4 (35.7, 41.1) 198.8 (176.4, 221.3)
  Urban 204.6 (197.8, 211.4) 38.1 (36.4, 39.9) 204.1 (185.0, 223.3)

* Adults were in a 9- to 12-h fasting state. Estimates were adjusted for age and the complex survey design
‡ To convert to mmol/L divide by 38.67
§ To convert to mmol/L divide by 88.57
# HDL cholesterol
& 95% Confidence Interval
≠ Categories according to WHO (Normal: 18.5-24.9, overweight: 25-29.9 and obesity: ≥30 kg/m2)
∞ Defined according to the ATPIII criteria: for women, waist circumference: <88 cms= no, ≥88cms= yes, for men, waist circumference: <102 cms= no, ≥102 

cms= yes
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emia is the most frequent lipid abnormality, followed 
by hypertriglyceridemia in Mexican adults10 and other 
Latin-American populations.29 Concentrations of HDLc 
<40mg/dl are considered a cardiovascular risk factor;17 

in Mexico, the prevalence of this condition was >60% 
for males and females, and >70% for adults of 20-29-y 
of age, and adults living in the north and south coun-
try regions. The estimated probability for low HDLc 
without other lipid abnormalities was higher in normal 
than obese adults, suggesting a genetic component for 

this condition (Figure 1). We did not observe important 
differences of HDLc concentrations by sex as previously 
described in Mexico and other countries. Although we 
found a higher mean HDLc concentration in females, 
it was not significantly different from males. Further 
studies, such as the new Mexican Health and Nutri-
tion survey currently in analysis, will be necessary to 
clarify this relationship in Mexico, since the number of 
cases was limited by the fasting condition reducing 
the power to detect differences. Information regarding 

Table III

PREVALENCE OF DIVERSE LIPID ABNORMALITIES IN MEXICAN ADULTS BY AGE GROUP, REGIONS AND STRATA,
BODY MASS INDEX AND ABDOMINAL OBESITY CATEGORY*. MEXICAN HEALTH SURVEY, 2000

   Cholesterol >200mg/dl HDL-c‡ <40mg/dl Triglycerides >150mg/dl Hypertriglyceridemia with hypo
   (>5.2mmol/L) (<1.0 mmol/L) (>1.7 mmol/L) α-lipoproteinemia§ Mixed dyslipidemias#

   % (95%CI)& % (95%CI)& % (95%CI)& % (95%CI)& % (95%CI)&

Females Total (≥20 y) 40.5 (35.5, 45.4) 64.7 (58.7, 70.8) 45.0 (40.4, 49.6) 8.3 (6.3, 10.4) 7.9 (5.6, 10.3)
 Age group 20-29 22.1 (15.8, 28.4) 75.7 (67.8, 83.5) 30.4 (24.2, 36.6) 7.1 (4.0, 10.2) 3.8 (0.0, 7.6)
  30-39 43.4 (35.9, 50.9) 65.6 (57.5, 73.8) 49.9 (42.0, 57.8) 12.3 (7.2, 17.3) 4.7 (2.0, 7.4)
  40-49 58.6 (48.4, 68.9) 62.9 (53.4, 72.4) 51.7 (41.0, 62.4) 6.1 (2.5, 9.7) 11.7 (4.5, 18.8)
  50-59 64.6 (52.7, 76.5) 43.0 (30.3, 55.6) 73.9 (64.5, 83.3) 12.2 (4.9, 19.6) 22.5 (7.0, 37.9)
  ≥ 60 69.2 (57.1, 81.3) 34.7 (22.8, 46.7) 65.2 (52.5, 77.8) 5.9 (1.1, 10.8) 23.2 (12.6, 33.8)

 Region North 39.6 (26.3, 52.9) 72.9 (60.4, 85.4) 34.8 (23.5, 46.0) 8.2 (3.7, 12.8) 8 (2.6, 13.5)
  Central 42.4 (34.8, 50.0) 58.3 (49.5, 67.1) 47.0 (40.0, 54.0) 6 (3.8, 8.2) 8.7 (5, 12.5)
  Mexico City 53.5 (9.7, 97.3) 66.4 (3.9, 128.8) 19.9 (1.2, 38.5)  –   –
  South 36.2 (29.3, 43.1) 72.7 (63.9, 81.5) 44.4 (37.9, 50.8) 12.5 (8.0, 17.1) 6.5 (3.5, 9.6)

 Area Rural 41.9 (33.5, 50.3) 63.1 (54.0, 72.3) 50.9 (43.7, 58.1) 8.6 (5.7, 11.5) 9.3 (5.4, 13.1)
  Urban 39.1 (33.8, 44.4) 66.3 (58.4, 74.1) 39.4 (34, 44.8) 8.1 (5.1, 11.1) 6.7 (4.0, 9.4)

Males Total (≥20 y) 44.6 (37.7, 51.4) 61.4 (54.5, 68.3) 53.5 (47.2, 59.8) 12.9 (8.9, 17) 14.4 (10.4, 18.4)
 Age group 20-29 30.2 (19.9, 40.4) 72.2 (62.3, 82.0) 39.0 (29.9, 48.1) 8.2 (2.1, 14.3) 8.5 (3.2, 13.9)
  30-39 52.5 (39.6, 65.4) 49.8 (37.7, 61.8) 67.1 (55.8, 78.5) 20.4 (10.0,30.9) 18 (8.4, 27.5)
  40-49 67.3 (55.1, 79.5) 52.1 (37.3, 66.8) 63.3 (48.4, 78.2) 13.0 (4.0, 22.1) 27.7 (14.0, 41.3)
  50-59 61.2 (44.6, 77.7) 49.1 (31.0, 67.1) 74.5 (61.3, 87.8) 13.2 (3.4, 23.0) 19.3 (7.6, 31.1)
  ≥ 60 52.6 (39.3, 66.0) 57.0 (43.4, 70.6) 65.8 (52.8, 78.8) 21.5 (10.0,33.1) 11.1 (3.1, 19.2)

 Region North 39.5 (28.5, 50.4) 74.9 (65.4, 84.4) 44.0 (31.9, 56.0) 16.1 (7.8, 24.5) 12.1 (5.1,19)
  Central 53.8 (43.0, 64.5) 49.6 (39.4, 59.7) 59.8 (50.6, 69.1) 10.1 (4.1, 16.1) 17.2 (11.3,23.1)
  Mexico City  –   –   –   –   –
  South 30.5 (20.9, 40.1) 74.7 (64.9, 84.6) 45.9 (36.8, 55.0) 15.3 (8.1, 22.6) 11.2 (3.1, 19.3)

 Area Rural 43.9 (32.7, 55.1) 59.2 (48.2, 70.2) 55.0 (45.0, 65.0) 14.5 (7.7, 21.4) 11.5 (6.8, 16.1)
  Urban 45.2 (37.4, 53.0) 63.7 (56.0, 71.5) 51.9 (44.6, 59.2) 11.2 (7.1, 15.3) 17.5 (10.8, 24.3)

* Adults were in a 9- to 12-h fasting state. Estimates were adjusted for: age, sex, socio-economic status, tobacco consumption and for the complex survey 
design

‡ HDL cholesterol
§ Defined as: triglycerides ≥200mg/dl (2.26 mmol/L) and HDL cholesterol <35 (0.9 mmol/L)
# Defined as: triglycerides ≥ 200mg/dl (2.26 mmol/L) and cholesterol ≥ 240 mg/dl (6.31 mmol/L)
& 95% Confidence Interval
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physical activity was not collected in this survey so we 
were unable to evaluate the contribution of this lifestyle 
condition to the HDLc levels in Mexican population. 
In Mexico, as in the US and other countries, obesity 
has been increasing in children and adults;1,22,26,30 this 
is a known factor associated with cardiovascular risk. 
In our study, obese adults were more likely to have 
hypertriglyceridemia and hypercholesterolemia than 
adults of normal BMI. In addition, obese adults were 
four times more likely to have three lipid abnormalities 
in comparison with normal BMI adults (p=0.16 vs p=0.04) 
(figure 1). Thus, if the increasing trend in obesity persists; 
the coexistence of multiple dyslipidemias could become 
more prevalent in the next years. A clear relationship 
was observed between BMI categories (in males) and 

central adiposity (in females) for hypertriglyceridemia. 
Thus, the lipid profiles of obese and non-obese popu-
lations have relevant differences with the consequent 
associated risks.
 Regions showed no significant differences, contrary 
to what has been previously reported.9 This is consistent 
with the regional catch-up phenomenon observed for 
NCCD mortality19 and to fat consumption patterns.31 

In both examples the less developed south region had 
lower levels of mortality and fat consumption compared 
to the north region during the 80s; but recently a more ho-
mogeneous pattern across regions is observed, explained 
by greater changes in the south region. These changes 
may be related to the experienced shift in lifestyles with 
reduction of physical activity, and a diet with increasing 

Table IV

ADJUSTED PREVALENCE RATIOS FOR DIVERSE LIPID ABNORMALITIES BY BODY MASS INDEX

AND WAIST CIRCUMFERENCE CATEGORY*

   Cholesterol  >200mg/dl HDL-c‡ <40mg/dl Triglycerides >150mg/dl Hypertriglyceridemia with hypo
   (>5.1mmol/L) (<1.0 mmol/L) (>1.7 mmol/L) α-lipoproteinemia§ Mixed dyslipidemias#

   PR (95%CI)& PR (95%CI)& PR (95%CI)& PR (95%CI)& PR (95%CI)&

Females
 Body Mass Indexø Normal≠ 1.00   1   1   1   1
  Overweight 1.14 (0.86, 1.44) 1.02 (0.84, 1.18) 1.41 (1.07, 1.74) 1.74 (0.95, 3.07) 0.79 (0.24, 2.3)
  Obese 1.40 (1.05, 1.74) 1.09 (0.91, 1.25) 1.44 (1.10, 1.76) 1.69 (0.89, 3.06) 1.5 (0.52, 3.81)
  p-value∞ 0.25   0.31   <0.01   0.07   0.41

 Abdominal Obesity◊ No≠ 1.00   1   1   1
  Yes 1.45 (1.14, 1.78) 1.03 (0.87, 1.16) 1.81 (1.44, 2.16) 1.71 (0.93, 3.01) 2.24 (0.66, 6.6)
  p-value∞ <0.01   0.66   <0.01   0.08   0.19

Males
 Body Mass Indexø Normal≠ 1.00   1   1   1   1
  Overweight 1.5 (1.11, 1.86) 0.88 (0.65, 1.08) 1.36 (1.02, 1.65) 1.6 (0.66, 3.41) 4.06 (2.04, 7.24)
  Obese 1.93 (1.54, 2.24) 0.84 (0.63, 1.04) 1.78 (1.48, 1.97) 2.02 (0.86, 4.07) 5.25 (2.48, 9.42)
  p-value∞ <0.01   0.11   <0.01   .09   <.01

 Abdominal Obesity◊ No≠ 1.00   1   1   1   1
  Yes 1.19 (0.87, 1.49) 1 (0.7, 1.25) 1.44 (1.20, 1.62) 1.15 (0.64, 1.96) 1.27 (0.67, 2.22)
  p-value∞ 0.23   0.99   <0.01   0.61   0.45

* Adults were in a 9- to 12-h fasting state. Estimates were adjusted for: age, sex, socio-economic status, tobacco consumption and for the complex survey 
design

‡ HDL cholesterol
§ Defined as: triglycerides ≥200mg/dl (2.26 mmol/L) and HDL cholesterol <35 (0.9 mmol/L)
# Defined as: triglycerides ≥ 200mg/dl (2.26 mmol/L) and cholesterol ≥ 240 mg/dl (6.31 mmol/L)
& 95% Confidence Interval
≠ Reference category
∞ p-value for the test for trend
ø Categories according to WHO (Normal: 18.5-24.9, overweight: 25-29.9 and obesity: ≥30 kg/m2)
◊ Defined according to the ATPIII criteria: for women, waist circumference: <88cm=no, ≥88cm= yes, for men, waist circumference: <102cm=no, ≥102cm=yes
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availability of fast and ready-to-eat foods (traditional 
and non-traditional), as well as consumption of processed 
foods rich in partially-saturated fat.2,32

 This information is consistent with diverse reports 
of lipid profiles in Mexican and Mexican-Americans. In 
contrast with the MCDS (1994) this information included 
subjects living in rural areas; however, differences be-
tween urban and rural population were not significant. 
One possibility is that adults living in rural areas have 
modified their life-styles to have a similar lipid profile 
than urban adults in recent times. 
 Lipid abnormalities are a major cardiovascular risk 
factor. Although ethnic differences in the lipid profile 
have been described; an environmental influence on 
the trends has been observed in Mexico and is likely to 
have a major role. The relative increase in the mortality 
rate for acute myocardial infarction and diabetes mel-
litus was >50% during the 1980-2000 period, which is 
an indicator of the burden of disease that is occurring in 
this nutrition and epidemiologic transition.1 Since our 
data were obtained from the individuals at fasting state 
during the survey and represented less than 6% of the 
total participants, the external validity of the study could 
be compromised. Some stratification such as by region 
could have limited the power to detect significant dif-

Adjusted for age and sex. A. Normal weight cases (18.5-25kg/m2), B. Obesity cases (>30kg/m2)

1= Hypercholesterolemia (total cholesterol >200mg/dl) 
2= Hypoalphalipoproteinemia (HDLc<40mg/dl) 
3= Hypertriglyceridemia (triglycerides >150mg/dl)

* Probability without any dyslipidemia

FIGURE 1. OVERLAP BETWEEN THE PROBABILITY OF DIVERSE LIPID ABNORMALITIES IN MEXICAN ADULTS*

A – Normal Body Mass Index B – Obese

p= 0.08* p= 0.02*
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ferences. Thus, this information needs to be confirmed 
by nationally representative data from new surveys. 
 Sound commitment from government authori-
ties, participation from the society, promotion and 
education about healthy lifestyles, improved training 
of doctors and health professionals, and responsibility 
and commitment from the food and pharmacological 
industries are only some of areas of opportunity for 
improvement that could have an impact on this public 
health problem.33
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