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Abstract

Obijective.To describe the prevalence of lipid abnormalities
found in the Mexican National Health and Nutrition Survey
2006 (ENSANUT 2006). Material and Methods. Informa-
tion was obtained from 4 040 subjects aged 20 to 69 years,
studied after a 9- to 12-hour fast. Results. Median lipid con-
centrations were: cholesterol 198.5 mg/dl, triglycerides 139.6
mg/dl, HDL-cholesterol 39.0 mg/dl, non-HDL-cholesterol
159.5 mg/dl and LDL-cholesterol 131.5 mg/dl.The most fre-
quent abnormality was HDL-cholesterol below 40 mg/dl with
a prevalence of 60.5% (95%Cl 58.2-62.8%). Hypercholester-
olemia (= 200 mg/dl) had a frequency of abnormality of 43.6%
(95%Cl 41.4-46.0%). Only 8.6% of the hypercholesterolemic
subjects knew their diagnosis. Hypertriglyceridemia (= 150
mg/dl) was observed in 31.5% (IC 95% 29.3-33.9%) of the
population. Conclusions.The ENSANUT 2006 data confirm
that the prevalence of hypoalphalipoproteinemia and other
forms of dyslipidemia in Mexican adults is very high.

Key words: cholesterol; triglycerides; cholesterol, HDL; cho-
lesterol, LDL; hypoalphalipoproteinemia; Mexico
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Prevalencia de las dislipidemias en la Encuesta
Nacional de Salud y Nutricién 2006.
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Resumen

Objetivo. Presentar la prevalencia de las dislipidemias ob-
servada en la Encuesta Nacional de Salud y Nutricion 2006
(ENSANUT 2006). Material y Métodos. Se incluyeron
4 040 individuos con edad entre 20y 69 afios estudiados bajo
un ayuno de 9 a 12 horas. Resultados. Las concentraciones
medias de los lipidos sanguineos fueron colesterol 198.5
mg/d|, triglicéridos 139.6 mg/dl, colesterol HDL 39.0 mg/dl,
colesterol noHDL 159.5 mg/dl y colesterol LDL 131.5 mg/dl.
La anormalidad mas comin fue la hipoalfalipoproteinemia
(colesterol HDL< 40 mg/dl);su prevalencia fue 60.5% (IC 95%
58.2-62.8%). La hipercolesterolemia (colesterol = 200 mg/dl)
fue la segunda anormalidad en frecuencia, con 43.6% (IC 95%
41.4-46.0%). Solo el 8.6% de los casos conocia su diagnos-
tico. La hipertrigliceridemia (= 150 mg/dl) fue observada
en 31.5% (IC 95% 29.3-33.9%) de la poblacién en estudio.
Conclusiones. Los datos de la ENSANUT 2006 confirman
que la prevalencia de hipoalfalipoproteinemia y otras formas
de dislipidemia es muy alta en los adultos mexicanos.

Palabras clave: colesterol; triglicéridos; colesterol HDL; co-
lesterol LDL; hipoalfalipoproteinemia; México
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hronic non-transmissible diseases are the primary

health problem in Mexico, with coronary heart dis-
ease and diabetes as the first and second causes of death
in Mexico, respectively, followed by stroke.! Detection
and treatment of lipid disorders are key to the preven-
tion and management of clinical outcomes of chronic
non-transmissible diseases. Two nationally representa-
tive population-based surveys have shown that lipid
abnormalities are the most common cardiovascular risk
factors among Mexican adults,>* and hypoalphalipo-
proteinemia, followed by hypertriglyceridemia, were
the abnormalities with the highest prevalence. In addi-
tion, 11.7% of Mexican adults have an LDL-cholesterol
concentration high enough to qualify for pharmaco-
logical treatment.* The large percentage of the Mexican
population affected by lipid disorders is explained by
the interaction of genetic and environmental factors.
Risk alleles for having either hypertriglyceridemia or
hypoalphalipoproteinemia have a significantly higher
frequency among Mexicans compared to other popula-
tions.? This genetic susceptibility interacts with several
environmental factors, such as diets containing large
amounts of fat, carbohydrates and calories which are
common in this population.® Other major contribu-
tors include tobacco and alcohol consumption and a
sedentary lifestyle. Because the Mexican population is
aging,’ a periodic assessment of the prevalence of car-
diovascular risk factors is necessary. This information
will help to predict cardiovascular mortality trends for
the following years and to design preventive strategies
to cope with this health problem.

During 2006, the Ministry of Health of Mexico
conducted the National Health and Nutrition Survey,
(Encuesta Nacional de Salud y Nutricién, ENSANUT
2006) to estimate the prevalence of obesity, type 2 dia-
betes, renal pathology, hypertension and dyslipidemia,
among many other health conditions. The objective of
the report herein is to describe the prevalence of lipid ab-
normalities in this survey. Results are presented using an
epidemiological and a clinically-oriented approach.

Material and Methods

Population sample

The objectives and design of the survey have been pub-
lished elsewhere.® In summary, this is a cross-sectional
study designed to be representative of individuals liv-
ing in metropolitan areas (state capitals or cities with a
population over 100 000), and urban (population 2 500
t0 99 999 inhabitants) and rural settings (less than 2 500
inhabitants). A multistage, stratified probabilistic sam-
pling procedure was used. The country was divided
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into four regions (northern, westcentral, central and
southern). All of the states in Mexico were included and
arandom sample of Basic Geographical Statistical Units
was obtained in each state. Neighborhood blocks were
randomly selected, and for each home, one randomly
selected adult, adolescent, infant and health service user
was invited to participate. Military, religious, health
and other institutions were excluded. A target of 4 731
individuals and 1 476 households was estimated for
every state. The sample size was considered to be able
to detect risk factors at the state level, with a prevalence
of atleast 8.1% and a relative error of estimation of 0.25,
a design effect of 1.7 and a non-response rate of 20%.
The number of households was increased to 1 620 in
13 states to assure enough power to be representative
of the communities participating in the Oportunidades
program. The total number of households was 48 600.
This sample size allows for assessing conditions with a
prevalence equal to or greater than 0.4%. The study was
conducted in accordance with the Helsinki Declaration
of Human Studies. Informed consent was obtained from
each participant, with a separate consent form signed by
participants who provided blood samples. The research
and ethics committees of the Instituto Nacional de Salud
Publica approved the study protocol.

Personal interview

A general structured interview was conducted. A
previously standardized questionnaire was used to
obtain information on demographic and socioeconomic
aspects, family health history, personal medical history,
and lifestyle factors. During the same visit, anthropo-
metric and blood pressure measurements were obtained.
Systolic (1st-phase) and diastolic (5th-phase) blood
pressures were measured to the nearest even digit with
a sphygmomanometer with the subject in the supine
position after a 5-minute rest. Participants removed their
shoes and upper garments. Height was measured to the
nearest 0.5 cm. Body weight was measured on a scale
calibrated daily and recorded to the nearest 0.1 kg. Body
mass index (BMI) was calculated as weight (kg) divided
by height (m?) and was used as an index of overall adi-
posity. The equipment was regularly calibrated using
reference samples provided by the manufacturer.

Methods

Blood samples were obtained from approximately
30% of the adult population. A random sub-sample of
subjects with 8 or more hours of fasting was obtained
(n=6 613). This report includes the results of 4 040 sub-
jects who had the 9- to 12-h fasting period required for
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a complete lipid profile. These cases were randomly
distributed among study subjects. No differences were
found between this study’s sub-sample and the EN-
SANUT 2006 population as a whole with regard to age
(p=0.49), sex (p=0.34) and body mass index (p=0.59). All
analytical measurements were performed at the Instituto
Nacional de Salud Ptiblica. The sampling procedure was
standardized during a two-week training course. The
subjects were sampled at their homes and they remained
sitting for five minutes before the blood was drawn.

Total cholesterol was determined using enzymatic
hydrolysis and oxidation. Triglycerides concentration
was measured after lipase hydrolysis in an automatic
analyzer with a tungsten lamp (Prestige 24i, Tokyo
Boeki Medical System LTD, Tokyo, Japan). The inter-
assay CV was 3.04% for total cholesterol and 5.7% for
triglycerides. HDL-cholesterol was measured using an
enzymatic colorimetric direct method after eliminating
chylomicrons, VLDL, and LDL by enzymatic digestion;
the interassay CV was 5.02%. To assure the precision
and exactitude of the determinations, concentrations
of total cholesterol, HDL-cholesterol and triglycerides
were adjusted to a standard curve constructed with the
determinations of NIST standard reference materials
909b and 1951b, levels I and II, using a 1:1 dilution.
LDL-cholesterol concentration was estimated with the
Friedewald formula.’ Cases with triglycerides above
400 mg/dl were not considered for the estimation of
the corresponding LDL-cholesterol values (n=39).

Definitions

Hypertriglyceridemia was defined as a fasting plasma
concentration > 150 mg/ dl. Hypercholesterolemia was
defined as a total cholesterol =200 mg/dl. Hypoal-
phalipoproteinemia was considered present if HDL-
cholesterol was < 40 mg/dl. Mixed hyperlipidemia
was defined by the presence of cholesterol =200 mg/dl
plus triglycerides > 150 mg/dl. Normotriglyceridemic
hypoalphalipoproteinemia was defined as HDL-choles-
terol < 40 mg/dl and triglycerides < 150 mg/dl. These
cut points were selected based on National Cholesterol
Education Program recommendations.!’ Overweight
was defined as BMI 25-30 kg /m?* and obesity as BMI > 30
kg/m? Diabetes was diagnosed if there was a previous
medical diagnosis or in the presence of a fasting plasma
glucose value > 126 mg/dl and no previous history of
diabetes. Hypertension was diagnosed when the systolic
pressure was > 140 mm Hg and/or diastolic pressure
was > 90 mm Hg and/or current use of antihyperten-
sive medications. Blood pressure was measured twice
during two different visits if the initial measurement
was = 120/80.

s46

Statistical analysis

The database was validated through recognition of
missing values, outliers and inconsistencies between
variables. Due to the characteristics of the survey design,
the sample was analyzed as a complex sample using
SPSS for Windows version 15. Weights were assigned
to correct potential deviations from the age and sex
distribution reported in the 2000 population census.
Data are presented as medians and 95% confidence
intervals (95%CI). Sex-specific estimates were cal-
culated by age group for total cholesterol, HDL-C and
triglycerides. The sex-specific prevalence and 95%ClI
of hypercholesterolemia, hypoalphalipoproteinemia,
hypertriglyceridemia, hypertriglyceridemia with hy-
poalphalipoproteinemia and mixed dyslipidemias were
calculated by age and sex groups.

Results

Atotal of 4 040 adult cases (1 871 men and 2 169 women)
were included in the study. The median age was 40.3
years (95% CI39.5-40.9). Almost half had an elementary
educational level or less (47.9%, 95% CI 44.4-51.5%)
while 9.8% (95% CI 7.7-12.4%) had a degree. Median
lipid concentrations were: cholesterol 198.5 mg/dl,
triglycerides 139.6 mg/dl, HDL-cholesterol 39.0 mg/dl,
non-HDL-cholesterol 159.5 mg/ dl and LDL-cholesterol
131.5 mg/dl.

Table I shows the median lipid concentration
(95%CI) for age and sex groups. After controlling for age,
women have higher concentrations of cholesterol, non-
HDL-cholesterol and HDL-cholesterol, whereas men
had higher triglycerides levels. Differences remained
unaltered after controlling for BMI. As expected, a
trend for higher cholesterol and triglycerides levels was
observed as subjects aged (p<0.05 for all lipid param-
eters). No significant differences for HDL-cholesterol
concentrations were found among age groups.

The medical diagnosis of hypercholesterolemia was
done prior to the survey, with a finding of 8.6% (7.2-
10.1%); the percentage was less for hypertriglyceridemia
(3.8%, 3.0-4.9%). No differences were found between
sexes in this regard. Of those with a medical diagnosis of
hypercholesterolemia, 71.8% (63.9-78.5%) have received
treatment; the percentage was similar for those with
the medical diagnosis of hypertriglyceridemia (77.6%,
66.2-86.0%). Drug therapy has been prescribed in a large
proportion of treated cases [77.1% (67.8-84.3%) for cases
with hypercholesterolemia and 83.6% (71.5-91.2%) for
those with hypertriglyceridemia]. Diet was the sole
therapy for 21.2% and 16.4% of subjects with hyperc-
holesterolemia and hypertriglyceridemia, respectively.
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LiPID CONCENTRATIONS OF MEXICAN ADULTS, STRATIFIED BY AGE AND SEX, TRIGLYCERIDES, HDL-CHOLESTEROL,
NON-HDL-cHoLEsTEROL AND LDL-cHoLESTEROL. MEXico, ENSANUT 2006

Cholesterol (mg/dl)

Whole population
(n=4 040)

Men
(n=1871)

Women
(n=2169)

Total 198.5 (195.6-201.3) 193.3 (189.5-197.1) 202.9 (198.9-206.9)*
20-29 187.5 (182.7-192.4) 184.8 (178.3-191.3) 189.9 (182.6-197.2)
30-39 193.1 (188.3-197.8) 187.9 (180.5-195.3) 197.6 (191.6-203.6)
40-49 204.4 (198.3-210.4) 205.3 (195.3-215.3) 203.6 (196.4-210.8)
50-59 215.6 (207.8-223.4) 201.1 (191.9-210.3) 227.6 (215.7-239.4)*
60 or older 208.9 (201.4-216.5) 198.9 (188.4-209.6) 218.7 (209.6-227.9)*

Triglycerides (mg/dl)

Total 139.6 (135.7-143.4) 148.9 (142.7-155.1) 131.5 (127.1-135.9)*
20-29 124.8 (117.1-132.6) 135.6 (122.6-148.7) [15.5 (106.8-124.2)
30-39 139.1 (132.9-145.2) 150.1 (140.1-160.1) 129.5 (122.2-136.8)*
40-49 147.1 (138.9-155.3) 161.7 (146.3-177.1) 135.4 (127.9-142.8)*
50-59 164.6 (153.2-176.1) 168.6 (147.8-189.4) 161.4 (149.7-173.0)
60 or older 139.5 (133.0-146.0) 141.1 (130.7-151.4) 137.9 (130.3-145.7)

HDL-cholesterol (mg/dI)
Total

38.9 (38.4-39.5)

37.1 (36.4-37.8)

40.1 (39.9-41 4)*

20-29 38.5 (37.5-39.4) 36.7 (35.3-37.9) 40.0 (38.9-41.2)*
30-39 382 (37.1-39.1) 36.7 (35.3-38.1) 39.4 (38.1-40.7)*
40-49 39.3 (38.3-40.2) 384 (36.7-40.1) 39.9 (38.7-41.2)
50-59 40.8 (39.4-42.3) 37.8 (35.8-39.8) 43.3 (41.3-45.3)*
60 or older 39.6 (37.9-41.3) 36.2 (34.4-38.1) 43.0 (40.5-45.4)*
Non-HDL-cholesterol (mg/dl)
Total 159.5 (156.9-162.0) 156.3 (152.8-159.7) 162.2 (158.7-165.7)
20-29 149.1 (144.7-153.5) 148.1 (142.3-154.0) 149.8 (143.2-156.5)
30-39 154.9 (150.8-159.1) 151.2 (144.7-157.7) 158.2 (152.9-163.5)
40-49 165.1 (159.6-170.5) 166.9 (157.9-175.9) 163.6 (157.2-170.0)
50-59 174.7 (167.9-181.6) 163.3 (155.3-171.3) 184.2 (173.8-194.7)*
60 or older 169.3 (162.8-175.8) 162.7 (153.3-172.1) 175.8 (167.9-183.6)
LDL-cholesterol (mg/dl)
Total 131.5(129.1-133.9) 128.1 (124.5-131.6) 136.1 (132.9-139.2)*
20-29 124.8 (120.6-129.0) 122.3 (116.2-128.4) 127.0 (121.1-132.9)
30-39 127.7 (123.6-131.9) 122.6 (115.9-129.3) 132.2 (127.3-137.1)
40-49 136.5 (131.2-141.9) 136.5 (127.2-145.7) 136.6 (130.4-142.8)
50-59 143.8 (137.4-150.1) 1332 (125.1-141.2) 152.3 (142.8-161.8)*
60 or older 141.9 (135.7-148.1) 135.1 (126.1-144.2) 1484 (141.0-156.9)

Data are presented as medians (95% Cl). *p<0.05 compared to men

When comparing with previously diagnosed subjects
with hypercholesterolemia, median age (49.3 vs. 39.5
years old, p<0.001), triglycerides (167.4 vs. 137.1 mg/
dl, p<0.001), cholesterol (214 vs. 197 mg/dl, p<0.01)
and non-HDL-cholesterol (174.9 vs. 158 mg/ dl, p<0.001)
concentrations were significantly greater. No differences
in plasma lipids levels were found among cases that had
received any form of lipid lowering therapy compared
to the rest of the population.

Prevalence of isolated lipid abnormalities

Prevalences for hypertriglyceridemia, hypercholes-
terolemia and hypoalphalipoproteinemia are shown

salud piiblica de méxico [ vol. 52, suplemento 1 de 2010

in Table II. The most frequent abnormality was hy-
poalphalipoproteinemia (60.5%, 58.2-62.8%) and the
second most frequent abnormality was hypercholes-
terolemia (> 200 mg/dl) (43.6%, 95%CI 41.4-46.0%).
Finally, hypertriglyceridemia (triglycerides > 150
mg/dl) was found in 31.5% (IC 95% 29.3-33.9%) of
the population.

LDL-cholesterol above 130 mg/dl was reported
in 41.4% (37.6-45.3%) of men, 50.0% (46.7-53.3%) of
women and 46.0 % (43.5-48.6%) of the whole popu-
lation. Non-HDL-cholesterol above 160 mg/dl was
present in 39.1% of men (35.3-43.0%), 45.3% of women
(42.0-48.6%) and 42.4% of the whole population (39.9-
45.0%).
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Table Il
PREVALENCE OF LIPID DISORDERS BY AGE AND SEX GROUPS IN MExicAN ApuLTs. Mexico, ENSANUT 2006

Whole population Men Women
(n=4040) (n=1871) (n=2119)
Cholesterol = 200 mg/dl
Total 43.6 (41.4-46.0) 39.3 (35.5-43.3) 47.2 (43.9-50.6)*
20-29 34.8 (30.1-39.9) 33.5 (26.2-41.6) 36.0 (29.9-42.5)
30-39 39.4 (35.1-43.9) 35.6 (28.7-43.3) 42.7 (37.1-48.6)
40-49 50.2 (44.9-55.6) 47.3 (39.1-55.6) 52.6 (45.8-59.4)
50-59 55.2 (49.4-61.0) 43.5 (34.4-53.1) 64.9 (57.5-71.7)*
60 or older 50.6 (44.5-56.6) 44.2 (35.4-53.3) 56.9 (49.4-64.0)

Triglycerides = 150 mg/dl

Total 31.5 (29.3-33.9%) 36.9 (33.0-40.6) 26.9 (24.1-30.0)"
20-29 223 (182-27.0) 289 (21.8-37) 16.7 (12.6-21.7)*
30-39 29.6 (25.3-34.4) 38.3 (30.9-46.2) 22.1 (17.7-27.1)
40-49 373 (322-42.7) 437 (35.8-51.9) 322 (25.6-39.7)
50-59 49.1 (43.2-55.1) 487 (39.6-57.8) 49.6 (422-56.9)
60 or older 31.1 (26.0-36.7) 31.9 (24.5-40.3) 303 (23.7-37.8)

HDL-cholesterol < 40 mg/dl

Total 60.5 (58.2-62.8) 68.1 (648-71.2) 540 (50.7-57.1)*
20-29 61.9 (56.9-66.7) 68.4(61.2-74.9) 56.2(49.8-62.5)
30-39 63.3 (58.8-67.5) 68.4(60.9-75.0) 58.8 (53.1-64.2)
40-49 60.0 (54.9-64.9) 67.8 (59.9-74.8) 53.8 (46.5-60.9)
50-59 54.1 (47.3-60.6) 65.5 (56.2-73.6) 446 (35.8-53.7)*
60 or older 58.9 (53.2-64.4) 69.7 (61.7-76.6) 48.4 (40.9-55.9)

Non HDL-cholesterol = 160 mg/dl

Total 424 (39.9-45.0) 39.1 (35.3-43.0) 453 (42.0-48.6)
2029 33.0 (283-38.1) 328 (25.6-409) 33.1 (27.1-39.8)
30-39 374 (33.0-42.1) 344 (27.8-41.7) 40.0 (34.5-45.9)
40-49 493 (43.8-54.7) 464 (38.2-54.8) 51.5 (44.6-58.4)
50-59 55.2 (49.4-60.9) 44.8 (35.8-54.2) 63.8 (56.2-70.7)
60 or older 51.4 (45.4-57.4) 464 (37.6-55.4) 563 (48.7-63.5)

LDL-cholesterol = 130 mg/dl

Total 46.0 (43.5-48.6) 41.4(37.6-45.3) 50.0 (46.7-53.3)*
20-29 39.2 (34.2-44.5) 37.4 (29.9-45.7) 40.7 (34.1-47.7)
30-39 41.4 (37.1-45.9) 36.3 (29.9-43.3) 45.9 (40.1-51.7)
40-49 53.0 (47.5-58.3) 49.4 (41.1-57.7) 55.7 (48.9-62.4)
50-59 53.8 (48.0-59.5) 43.0 (34.2-52.4) 62.5 (54.7-69.7)*
60 or older 53.0 (46.9-59.0) 47.2 (38.4-56.2) 58.5 (51.1-65.6)

Data are presented as percentages (95% Cl). ¥p<0.05 compared to men

Sociodemographic characteristics
of patients with lipid disorders (Table IIl)

Environmental factors are major determinants of the
prevalence of lipid disorders. For example, hypercho-
lesterolemia was found mainly in metropolitan areas
or in subjects living in central or northern Mexico. Its
prevalence was not significantly influenced by educa-
tion level or socioeconomic status, although a trend for
a higher prevalence was observed among individuals
with medical services provided by ISSSTE (social secu-
rity and services institute for federal employees)

s$48

Hypertriglyceridemia was also more often seen
in adults living in metropolitan areas, as well as those
living in central Mexico. Its prevalence was also not
influenced by education level or socioeconomic status,
and it was more common in subjects with access to
medical services provided by ISSSTE.

Conversely, low HDL-cholesterol levels were more
common in subjects living in rural communities or in
southern Mexico. No difference was observed related
to education, although a trend for a higher prevalence
was observed in lower income groups.
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Table 111
SOCIODEMOGRAPHIC CHARACTERISTICS OF PATIENTS WITH LIPID DISORDERS. MExico, ENSANUT 2006

Self reported as native Mexican Yes

Cholesterol = 200 Triglycerides= 150

meldl meld] HDL-C < 40 mgl/dl

39.3 (34.1-44.7) 35.0 (29.5-40.9) 62.8 (57.2-68.0)

No

Size of locality Rural (less than 2 500 inhabitants

447 (41.9-47.4) 30.8 (28.3-33.4) 60.0 (57.6 -62.4)

35.8 (32.1-39.7y 27.4 (22.9-32.4)" 61.8 (57.2-66.1)

Urban (2 500 to 99 999 inhabitants) 38.9 (34.4-43.7)* 30.6 (26.9-34.5) 68.0 (64.1-71.8)
Metropolitan area (100 000 and more 48.6 (45.0-52.3) 33.5 (30.2-37.0) 56.5 (53.0-59.8)
inhabitants)
Region North 463 (42.4-50.3)¢ 292 (25.6-33.0) 58.3 (54.4-62.1)}
West central 42.1 (36.9-47.6) 282 (24.1-32.7) 65.9 (61.2-702)¢
Central 52.1 (46.9-57.2)} 420 (37.0-47.2)F 493 (443-54.4)F
South 29.8 (26.1-33.8) 224 (19.0-26.1) 728 (69.2-76.2)
Schooling Less than elementary 40.5 (33.8-47.6) 28.5 (22.5-35.3) 61.5 (54.5-68.1)
Elementary 439 (40.6-473) 325 (29.0-36.1) 61.2 (57.5-64.7)
Secondary 413 (36.8-46.0) 30.8 (26.5-35.5) 61.5 (56.9-65.8)
High school 418 (35.9-47.0) 31.1 (25.1-37.8) 57.6 (51.0-63.8)
More than high school 522 (43.1-613) 31.9 (24.0-409) 59.1 (51.2-66.6)
Socioeconomic status 1-2 39.2 (35.7-42.9) 29.6 (26.2-33.2) 633 (59.7- 66.8)
(income deciles)
3-4 419 (36.9-47.1) 324 (27.7-375) 60.0 (55.0-64.8)
5-7 483 (43.6-53.0) 31.6 (27.5-35.9) 59.7 (54.8-64.5)
8-10 49.6 (41.9-573) 36.7 (28.9-45.3) 53.7 (45.3-61.8)
Medical service IMSS 48.1 (43.9-52.3) 321 (28.2-36.3) 58.6 (54.2-62.8)
Seguro Popular 36.0 (30.8-41.6) 278 (22.9-33.4) 61.4 (55.6-66.9)
ISSSTE 55.4 (423-67.9) 39.1 (27.2-52.5) 51.0 (38.0-63.9)

Data are presented as percentages (95% Cl)

IMSS: Instituto Mexicano del Seguro Social (Mexican Institute of Social Security). ISSSTE: Instituto de Seguridad Social y Servicios para los Trabajadores del

Estado (Institute of Social Security and Services for Federal Employees)
*p<0.05 compared to the percentage found in the metropolitan areas
#p<0.05 compared to the percentage found in the south

Prevalence of lipid phenotypes (Table IV)

Lipid abnormalities could be due to multiple etiolo-
gies and are associated with different cardiovascular
risk factors. This is especially true for hypertriglyceri-
demia. Thus, the crude description of the prevalence
of isolated lipid abnormalities is a gross estimation of
the lipid-related cardiovascular risk of a population.
A more precise description is obtained when the lipid
abnormalities are grouped as lipid phenotypes.

The simultaneous elevation of cholesterol and trig-
lycerides concentrations is the lipid profile associated
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with the highest atherogenic risk and was observed in
18.2% (95%CI 16.3-20.2%) of the population. Its preva-
lence increased in direct proportion with age, reaching
its maximum in the 40-49 age group. Hypertriglyc-
eridemia/hypoalphalipoproteinemia, also having an
atherogenic profile, was observed in 18.3% of the general
population; the prevalence was significantly higher in
men compared to women (p <0.01). In addition, isolated
hypercholesterolemia, which is also associated with an
increased cardiovascular risk, was observed in 25.3% of
the population. Finally, isolated hypertriglyceridemia
was found in 13.3% of study subjects.
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Normal concentrations of both cholesterol and
triglycerides were found in 43.1% (95%CI 40.7-45.6%)
of participants. However, as shown in Table IV, more
than 60% of Mexican adults aged 50 or older are at
risk of having cardiovascular outcomes based on their
cholesterol and / or triglycerides concentrations.

Lipid abnormalities in cases with excess
body weight and type 2 diabetes (Table V)

In our study sample, 1534 participants were overweight
and 1 240 were obese. As shown in Table V, the preva-
lence of lipid abnormalities was similar between obese

Table IV
PREVALENCE OF LIPID DISORDERS BY PHENOTYPES IN MEXICAN AbuLTs. Mexico, ENSANUT 2006

High TG/ Normal TG/ Low High TG/ High TG/ Normal TG/ Normal TG/

Low HDL-C HDL-C High Chol Normal Chol High Chol Normal Chol
Total (n=4 040) 18.3 (16.3-20.5) 42.2 (40.1-44.4) 18.2 (16.3-20.2) 133 (11.6-15.2) 25.3(23.4-274) 43.1 (40.7-45.6)
Men (n=1 871) 25.8 (22.5-29.4) 42.3 (38.9-45.8) 18.5 (15.5-22.0) 18.3 (15.3-21.8) 20.8 (18.2-23.7) 42.4 (38.7-46.1)
Women (n=2 169) 11.8(9.8-14.2) 42.1 (39.3-45.1) 17.9 (15.5-20.7) 9.0 (7.5-10.8) 29.4 (26.4-32.6) 43.7 (40.4-47.0)
Age (years) 20-29 14.9 (11.3-19.5) 47.0 (42.2-51.8) 10.2 (7.3-14.1) 11.8(8.7-15.7) 23.3(19.3-27.8) 55.2 (50.0-60.2)
30-39 17.6 (14.1-21.8) 45.6 (41.3-50.0) 13.7 (10.5-17.7) 15.4 (12.0-19.5) 24.6 (21.0-28.6) 46.6 (42.1-51.2)
40-49 21.6 (17.6-26.1) 384 (33.3-43.8) 28.5 (22.4-35.5) 22.9 (18.5-28.0) 27.6 (22.8-33.0) 35.7 (31.1-40.5)
50-59 25.6 (19.8-32.2) 28.5(23.5-34.1) 19.1 (14.6-24.6) 29.2(23.7-35.3) 263 (21.6-31.7) 25.1 (20.5-30.3)
60-69 15.7 (12.0-28.3) 43.2 (37.5-49.1) 9.8 (7.2-13.2) 21.2 (16.6-26.6) 29.7 (25.1-34.8) 39.8 (33.9-46.0)

Data are presented as percentages (95% Cl)
TableV
PLASMA LIPIDS IN THREE BODY MASS INDEX CATEGORIES AND OBESE INDIVIDUALS WITH
TYPE 2 DIABETES. Mexico, ENSANUT 2006
BMI < 25 kgim*andno ~ BMI 25-29.9 kg/m? and ~ BMI >30 kg/m? and no BMI>30kg/m?

medical diagnosis no medical diagnosis medical diagnosis’ with medical diagnosis

of diabetes of diabetes of diabetes of type 2 diabetes

(n=1182) (n=1337) (n=1041) (n=199)

Age (years)

51.6 (46.3-56.8)

56.3 (53.5-59.2)

52.6 (50.2-54.9)

52.6 (49.8-55.4)

Cholesterol (mg/dl)

195.8 (190.4-201.3)

198.3 (194.2-202.5)

198.8 (193.3-204.5)

202.2 (189.6-214.8)

Triglycerides (mg/dI) 116.8 (111.4-122.2) 141.1 (135.4-146.7) 145.0 (138.5-151.5) 163.3 (141.6-185.0)
HDL-cholesterol (mg/dI) 41.1 (39.9-42.2) 38.6 (37.7-39.4) 37.6 (36.7-38.6) 38.1 (35.9-40.1)
Non-HDL-cholesterol (mg/dl) 154.7 (149.8-159.6) 159.7 (155.9-163.3) 161.3 (156.3-166.3) 164.1 (153.1-175.1)
LDL-cholesterol (mg/dl) 131.4 (126.7-136.0) 131.4 (127.7-135.2) 132.3 (127.8-136.8) 131.4 (120.7-142.2)
Cholesterol = 200 mg/d| 41.3 (36.3-46.4) 43.1 (39.0-47.2) 443 (39.9-48.7) 48.6 (36.5-60.8)
Triglycerides= 150 mg/dl 18.7 (15.2-22.7) 33.8(29.6-38.3) 34.6 (30.3-39.1) 43.7 (32.8-55.2)
HDL-C < 40 mg/d| 51.4 (46.8-56.0) 63.9 (59.5-68.0) 62.2 (58.0-66.2) 69.3 (57.9-78.8)
Non HDL-C = 130 mg/dl 68.7 (64.0-73.1) 733 (69.8-76.6) 68.1 (64.0-72.1) 74.8 (65.5-82.3)
LDL-C = 100 mg/dl 749 (70.2-79.1) 75.6 (71.6-79.3) 72.8 (68.9-76.4) 73.6 (63.6-81.7)
LDL-C = 130 mg/dl 45.1 (40.1-50.3) 44.3 (40.5-48.1) 47.1 (42.8-51.5) 50.4 (38.4-62.3)
High TG/High chol 10.9 (8.4-14.1) 19.4 (16.0-23.3) 20.6 (16.9-24.9) 23.5(15.8-334)
Previous diagnosis of hypercholesterolemia 22 (1.2-4.0) 7.0 (5.29.2) 12.9 (9.7-17.0) 18.5 (11.4-28.6)

History of receiving any lipid lowering therapy
among those previously diagnosed

754 (463-91.6)

Data are presented as median or percentages (95% Cl)

75.9 (64.1-84.8) 672 (52.6-79.1) 603 (33.9-81.8)

s5o0
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and overweight cases. Hypoalphalipoproteinemia was
the most frequent lipid abnormality; its prevalence was
significantly higher compared to that found among lean
subjects. The prevalence of hypertriglyceridemia was
two times higher in individuals with excess body weight
compared to the lean group. Excess body weight had no
effect on either mean LDL-cholesterol concentration or
the prevalence of high LDL-cholesterol levels (>130 mg/
dl). Nevertheless, patients with a BMI above 25 kg /m?
have a higher prevalence of several atherogenic profiles
(i.e. mixed hyperlipidemia).

Type 2 diabetes was present in 488 subjects; 40%
were obese. Patients with diabetes and obesity had high-
er triglycerides and non-HDL-cholesterol concentrations
compared to normoglycemic obese individuals, in ad-
dition to a higher prevalence of mixed hyperlipidemia.
An LDL-cholesterol concentration above 100 mg/ dl was
found in 74.8% (95%Cl 72.5-76.9%) of individuals pre-
viously diagnosed with diabetes. However, only 7.6%
(95%CI 6.3-9.1%) of those were previously diagnosed
as having hypercholesterolemia.

Discussion

Two previous nationally representative population-
based surveys®® and several regional studies!!? had
found that dyslipidemia is the most frequent cardiovas-
cular risk factor in Mexican adults, while the National
Health and Nutrition Survey 2006, which expands this
information, finds that close to 60% of Mexican adults
have hypoalphalipoproteinemia (< 40 mg/dl). In addi-
tion, hypercholesterolemia (cholesterol > 200 mg/dl) is
present in 43.6% and hypertriglyceridemia (triglycer-
ides > 150 mg/dl) was observed in almost 30% of the
population. Several atherogenic lipid phenotypes were
frequent in this population, with isolated hypercholes-
terolemia, mixed hyperlipidemia, and the combination
of high triglycerides/low HDL being the most common.
The majority of cases remain undiagnosed despite the
high prevalence of these conditions. These data will be
useful for planning future cardiovascular prevention
programs

Based on the results reported herein, it is estimated
that there are 14.8 million Mexican adults with hypercho-
lesterolemia and 10.6 million with hypertriglyceridemia.
In addition, 20.5 million have low HDL-cholesterol lev-
els and 6.1 million adults have mixed hyperlipidemia,
which is the lipid profile associated with the greatest
risk of having cardiovascular events. These numbers
summarize the challenge that lipid disorders represent
for the Mexican health system.

Dyslipidemias are caused by the interaction of
genetic and environmental factors, and Mexicans have
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a genetic susceptibility for having abnormal plasma
lipids,® while Mexican-Americans are the ethnic group
living in the US with the highest prevalence of hypoal-
phalipoproteinemia and hypertriglyceridemia.'® Several
susceptibility alleles for having abnormal concentrations
of HDL-cholesterol and triglycerides are common in
our population, such as the R230C variant of the ATP-
binding cassette transporter A-1'* and several alleles
of the LIPC, CETP, MLXIPL, LPL and the ApoAI-CIII-
AIV-AV genes.’ In addition, the high consumption of
either simple carbohydrates or fat (and alcohol in some
groups) and the growing number of adults with a sed-
entary lifestyle contribute to the high prevalence of hy-
pertriglyceridemia and low HDL-cholesterol. Mexican
adults consume a large amount of their calories (a mean
of 359) as soft drinks and other sugar-rich beverages.®
As an expectable result, the prevalence of obesity grew
from 23.7% in 2000 to 30.8% in 2006.”

The contribution of some environmental factors was
also assessed in the report herein. Both hypercholester-
olemia and hypertriglyceridemia were found mainly
in individuals living in metropolitan areas or in central
or northern Mexico. Its prevalence was not influenced
by education level or socioeconomic status. Conversely,
hypoalphalipoproteinemia was more common in sub-
jects living in rural communities or in southern Mexico;
atrend for a higher prevalence was observed in subjects
who declare themselves as native Mexicans or in the
lowest income stratum.

We expect to find a significant growth in the preva-
lence of all lipid disorders compared to that found in
1994 and 2000. This hypothesis was true for hyperc-
holesterolemia. Our report confirms the growing trend
observed between 1993 and 2000. Mean cholesterol con-
centrations increased from 182 to 198.5 mg/dl between
1993 and 2006. Deterioration of cholesterol concentrations
was more severe in women (from 171 to 202.9 mg/dl)
compared to men (from 178 to 193 mg/dl). As a result,
the prevalence of hypercholesterolemia grew from
27.1% in 1993 to 43.6% in 2006. While an increment was
observed in all age groups during this period, the extent
of the change was significantly greater in young adults
(from 13.9% to 34.8% in the 20-29 age-group) compared
to that found in older subjects (from 45.2 to 55.2% for
the 50 to 59 age-group). This remarkable change in the
prevalence of hypercholesterolemia was seen in both
young men (from 17.4 to 33.5% in the age group 20-29)
and women (from 11.1 to 36.0%).1” The trend found in
Mexican adults is unlike that seen in the US."® Though
mean cholesterol levels have decreased in recent years
due to the frequent use of statin therapy in older adults,”
no significant change occurred in the prevalence of low
HDL-cholesterol between 1993 and 2006 (61, 63 and
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60.5% in the 1993, 2000 and 2006 surveys, respectively).
This is in accordance with the strong genetic component
of HDL-cholesterol levels.? In addition, the compo-
nents of an unhealthy lifestyle may have mixed effects
on HDL-cholesterol levels. For example, the lowering
effect of obesity on mean HDL-cholesterol concentra-
tions®! may be offset by the raising effect of a higher fat
intake.? Finally, mean triglycerides levels were lower
in this survey as compared to previous reports (213 in
1993 vs. 139 mg/ dlin 2006). This surprising result may
be due to changes in the sampling process that occurred
between surveys. For the current study, patients were
contacted one day prior to the interview and were asked
to have been fasting when the blood sample was sched-
uled. Interviewers confirmed the fasting conditions of
the participants. Since triglycerides values are strongly
influenced by the sampling process,* we believe that the
additional precautions may have influenced the results
reported herein.

Data shown in Table V are an example of the
well-known deleterious effect of obesity and type 2
diabetes on plasma lipids. Excess body weight (BMI
>25 kg/m?) is associated with increased concentra-
tions of triglycerides and non-HDL-cholesterol with or
without hypoalphalipoproteinemia.* Hyperglycemia
heightens the severity of these abnormalities and in-
creases the proportion of cases with abnormal plasma
lipid levels.” Although diabetes is not associated with
high LDL-cholesterol levels, a large proportion (74.8%)
of previously diagnosed individuals with diabetes
had an LDL-cholesterol level above the recommended
threshold; and yet, only 7.6% of those were previously
diagnosed as having hypercholesterolemia. These ob-
servations reinforce the urgent need to train physicians
and patients to systematically identify and treat lipid
disorders, since this intervention has proved to be cost-
effective to reduce the macrovascular complications of
type 2 diabetes.?

The limitations of the study should be recognized.
Differences in analytical methods may limit our ability
to make direct comparisons between reports. Also, we
were not able to assess the impact of lipid lowering
therapies. Regrettably, the questionnaire did not include
enough information to assess adherence to therapy.

Conclusions

Our data confirm that the prevalence of hypoalphali-
poproteinemia and other forms of dyslipidemia is high
in Mexican adults. Preventive programs are urgently
needed in Mexico to face the challenges that lipid disor-
ders represent. Our health and education systems must
be redesigned to confront chronic disorders (such as
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dyslipidemias) and to reverse the adoption of unhealthy
habits. The majority of cases remain undiagnosed de-
spite the high prevalence of these conditions. Primary
care physicians should be trained to properly identify
and treat such conditions. In addition, the population
should be educated to adopt a healthy lifestyle; other-
wise, the continuous increase in life expectancy achieved
over the past few decades will end in the near future.
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