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ABSTRACT

Introduction. Individuals with fatty liver (FL) have an in-
creased risk of coronary artery disease (CAD) probably due to
its association with cardiometabolic risk factors (CMRF). Ob-
jective. To know the prevalence of FL and analyze its associ-
ation with CMRF and subclinical atherosclerosis, in a sample
of Mexican Mestizo population. Material and methods. This
study included 846 subjects from the Genetic of Atherosclero-
sis Disease (GEA) study (563 = 9 years, 50.7% women) without
diabetes and no personal or family history of premature CAD.
Blood samples were taken for measurements of lipids profile,
uric acid, and insulin. The presence of FL was identified by
computed tomography. Carotid intima media thickness
(CIMT) was measured by B mode ultrasound, using the > 75
percentile as cutoff value to define subclinical atherosclerosis.
Results. The general prevalence of FL was 32.4%. In men, FL
was associated with hyperuricemia, whereas in women, hyper-
uricemia, low level of high density lipoprotein cholesterol, and
metabolic syndrome were the factors associated with this he-
patic alteration. In women, FL was associated with a 66%
higher probability of having high CIMT, independently of age,
hypertension, dyslipidemia, and waist circumference, but not
of HOMA-IR. Conclusions. In women, FL was associated
with the presence of subclinical atherosclerosis independently
of traditional CMRF. Our study suggests that, in women, in-
sulin resistance could be a mediator of metabolic abnormali-
ties and of subclinical atherosclerosis.

Key words. Fatty liver. Subclinical atherosclerosis. Insulin re-
sistance.

Asociacion de esteatosis hepdtica con
factores de riesgo cardiovascular y aterosclerosis
subclinica en poblaciéon mexicana

RESUMEN

Introduccion. Los sujetos con esteatosis hepdtica (EH) tie-
nen riesgo incrementado de enfermedad arterial coronaria
(EAC), probablemente debido a su asociacion con factores de
riesgo cardiometabélico (FRC). Objetivo. En una muestra de
poblacién mestiza mexicana, conocer la prevalencia de EH y
analizar su asociacién con FRC y con aterosclerosis subclini-
ca. Material y métodos. Se incluyeron 846 sujetos partici-
pantes del estudio Genética de la Enfermedad Aterosclerosa
(63 = 9 arios, 50.7% mujeres), sin diabetes y sin antecedentes
personales ni familiares de EAC prematura. En sangre se
midieron perfil de lipidos, dcido trico e insulina. Por tomo-
grafia axial computarizada (TAC) se identificé la presencia
de EH. El grosor de intima media (GIM) carotideo se midié
por ultrasonido, utilizando la percentila 75 como punto de
corte para definir aterosclerosis subclinica. Resultados. La
prevalencia general de EH fue de 32.4%. En los hombres la
EH se asocié con hiperuricemia; mientras que en las muje-
res, la hiperuricemia, los valores bajos de colesterol de lipo-
proteinas de alta densidad y el sindrome metabélico fueron
los factores asociados a esta alteracion hepdtica. En el sexo
femenino la EH se asocié con una probabilidad 66% mayor
de tener GIM elevado, independientemente de la edad, hiper-
tension, dislipidemia y circunferencia de cintura, pero no
del HOMA-RI. Conclusiones. En las mujeres la EH se aso-
ci6 con la presencia de aterosclerosis subclinica, indepen-
dientemente de los FRC tradicionales. Nuestro estudio
sugiere que en mujeres, la resistencia a la insulina pudiera
ser mediadora de las anormalidades metabélicas y de la ate-
rosclerosis subclinica.

Palabras clave. Esteatosis hepdtica. Aterosclerosis subcli-
nica. Resistencia a la insulina.
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INTRODUCTION

Overweight is a growing health problem that in-
creases the risk of developing multiple comorbidities,
such as fatty liver (FL).! FL is a condition charac-
terized by increased accumulation of fat in the liver
(over 5%), in the absence of excessive alcohol con-
sumption and of other hepatic diseases.? Approxi-
mately 3.5% of FL patients evolve to steatohepatitis
and 15% of them develop cirrhosis.? In western
countries, general prevalence of FL has been report-
ed to be 30%* being lower than that reported (46%)
among Hispanics living in the USA.? FL prevalence
between 7.1 and 32.1% has been reported in Méxi-
c0.59 However, the limited amount of studies, differ-
ences in sample size, and characteristics of the
included subjects, as well as the diversity of meth-
ods used to identify FL, do not allow defining the
prevalence of this abnormality in our population or
to compare it with other ethnic groups.

Subjects with FL have a high risk of developing
coronary artery disease (CAD),1%1! probably because
of its association with multiple cardiometabolic risk
factors (CMRF), particularly central obesity, insulin
resistance,!? besides dyslipidemia, arterial hyperten-
sion, and elevated uric acid,!3 all of them compo-
nents of the metabolic syndrome (MS).1*

Some studies have shown the association of FL
with an increase in carotid intima media thickness
(CIMT),!%16 independently of traditional CMRF,
metabolic syndrome, and insulin resistance.!” These
findings suggest a role for FL not only as early
marker, but also as a direct mediator of atheroscle-
rosis. Considering the high FL prevalence in Mexi-
can-Americans,® and that in México no previous
studies have analyzed the association of FL with
early atherosclerosis markers, the objectives of this
study were:

* To know the FL prevalence in a Mexican Mestizo
population, and

* To analyze the association of FL with the pres-
ence of CMRF and with subclinical atherosclero-
sis, defined as high CIMT.

MATERIAL AND METHODS

The Genetics of Atherosclerotic Disease (GEA)
study was designed at the Instituto Nacional de Car-
diologia Ignacio Chavez (INCICh) (National Insti-
tute of Cardiology) to examine the genomic bases of
CAD and to assess its relationship with traditional
and emerging risk factors in the adult Mexican pop-

ulation. The study included 1,000 CAD patients and
a control group of 1,500 individuals without family
or personal history of premature CAD, aged 30 to 75
years old, residents of Mexico City. Subjects of con-
trol group were volunteers attending the blood bank
for donation, or invited through written media post-
ed in social service centers. The GEA study was ap-
proved by the institutional Research and Ethics
Committee. Subjects that accepted to participate
signed the informed consent format.

Clinical methods

Standardized questionnaires were applied to all
participants to obtain demographic data, personal
antecedents of cardiovascular risk, eating habits,
physical activity, alcohol consumption, and use of
medication. In the present work we included 846
subjects of the GEA study control group of either
gender, with complete measurements of all variables
and without clinical history or evidence of hepatic
or renal disease, acute or chronic inflammatory
processes, diabetes mellitus (DM), and alcohol con-
sumption below 20 g/day. Weight and height were
measured and body mass index (BMI) was calculated
as weight (kg)/height (m?). Waist circumference was
measured at the midpoint of the distance between
the lower part of the last rib and the iliac crest, with
a 0.5 cm approximation. Blood pressure was meas-
ured three times with a digital sphygmomanometer
Wellch Allyn, after at least 5 min of rest, in sitting
position. The average of the last two measurements
was used for the analysis.

Laboratory analyses

After 10 h fasting and 20 min in sitting position,
venous blood was collected in assay tubes without
anticoagulant and in tubes with K, EDTA (1.8 mg/
mL). Glucose, total cholesterol (TC), triglycerides
(TG), and high density lipoprotein cholesterol
(HDL-C) concentrations were measured in plasma.
Alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and uric acid were measured
in serum. These measurements were performed
during the first 3 days after obtaining the sample.
Measurements were performed in a Hitachi 902
(Hitachi LTD, Tokyo Japan) autoanalyzer, using
enzymatic-colorimetric reagents (Roche/Hitachi,
Germany). Reproducibility and accuracy of lipid
and lipoprotein determinations were periodically
evaluated by the Lipids Standardization Program
of The Centers for Disease Control and Prevention
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(LSP-CDC, Atlanta, GA. USA). Intra- and inter-as-
say variation coefficients were lower than 3% in all
measurements. Serum insulin was determined by
radioimmunoanalysis (Millipore RIA Kit, St.
Charles, MI, USA), with intra- and inter-assay
variation coefficient of 2.1 and 6.8%, respectively.
Insulin resistance (IR) was estimated with the
homeostasis model:18

22.5

Computed tomography study

A 64-channel multidetector tomograph (Somaton
Sensation, 64, Forcheim, Germany) was used. Liv-
er and spleen attenuation was measured with a sin-
gle 3-mm tomographic section at the level of
T11-T12 or T12-L1.! During images analysis,
three 1-cm? regions were marked on both hepatic
lobes and in the spleen parenchyma. Diagnosis of
FL was defined as a liver/spleen attenuation ratio
(L/S AR) below 1.0.2°

To assess CIMT, we used high resolution ultra-
sound equipment in B mode (Sonosite MicroMaxx),
with a 13-6-MHz transducer. The study was per-
formed in supine position, with extended neck. All
measurements of the intima media of the common
carotid artery were performed in the longitudinal
plane in the distal wall of the carotid artery at 2 cm
from the carotid bulb bifurcation. Thickness of the
intima media was quantified by the distance be-
tween the arterial intima-lumen interface and the
media-adventitia interface of the distal wall. Five
measurements were performed in the right and left
carotid artery. The CIMT was defined as the aver-
age of all measurements. A high CIMT was defined
according to the 75% percentile specific for age
group and gender.?! Procedures were performed by
one single previously trained observer. Reproducibil-
ity of measurements was obtained with 5% of the co-
hort, obtaining an intra-observer correlation
coefficient of 0.96.

Definition of
cardiovascular risk factors

Dyslipidemia was defined according to the follow-
ing cut-off values:

* Hypercholesterolemia = LDL-C > 130 mg/dL.
* Hypertriglyceridemia = TG > 150 mg/dL.

* Hypoalphalipoproteinemia = HDL-C < 40 mg/dL
in men and < 50 mg/dL in women.
* And/or use of lipid regulating drugs.

Hypertension was defined when systolic and/or
diastolic blood pressure values were > 140/90
mmHg or when subjects were using antihyperten-
sive drugs. Overweight was considered when BMI
was between 25 and 29.9 kg/m? and obesity when
it was > 30 kg/m2. Abdominal obesity was defined
when waist circumference was > 80 cm in women
and > 90 cm in men.??2 Fasting plasma glucose
from 100 to 125 mg/dL was considered as altered
fasting glycemia, whereas glucose values of > 126
mg/dL or treatment with hypoglycemic drugs was
used to define the presence of DM. Metabolic syn-
drome (MS) was defined based on NCEP-ATP III
criteria.?3 Insulin resistance was considered when
HOMA-IR was > p75 (3.58 in women, 3.12 in
men). These cut-off values were obtained from 101
men and 180 women in the GEA study, without
obesity and normal lipid, glucose, and blood pres-
sure values.

Statistical analysis

General characteristics of the population strati-
fied per gender and presence or absence of FL are
shown as mean * standard error. Comparison be-
tween groups was performed with age-adjusted AN-
COVA test. Association of FL. with CMRF and with
CIMT was evaluated by means of logistic regression
analysis, adjusting for confounding variables indi-
cated in each model. Values of p < 0.05 were consid-
ered significant. Analyses were performed with
SPSS v15.0 software (SPSS, Chicago, II).

RESULTS

The study included 846 subjects (50.7% women).
General prevalence of FL was 32.4% (36.5 % in men
and 28.4% in women [p = 0.01]) that gradually in-
creased with weight, being similar between men and
women of normal weight (8.1 vs. 10.9%) or over-
weight (35.0 vs. 27.5%), but significantly higher in
obese men (58.4 vs. 40.5%; p = 0.003). Despite that
FL subjects were younger (p < 0.05), they were
characterized for having a more adverse cardiometa-
bolic risk profile in relation to subjects without FL
(Table 1).

The analysis of association between FL and
CMRF, adjusted by age and waist circumference
(Model 1), revealed that in men, altered fasting
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plasma glucose, hyperuricemia, and HOMA-IR
>p75, were significantly associated with the pres-
ence of FL (Table 2). When HOMA-IR values were
included in the adjustment (Model 2), only hyper-
uricemia was independently associated with FL
(Table 2). On the other hand, high TG and low
HDL-C values, altered fasting plasma glucose, hy-
peruricemia, and HOMA-IR > p75 were associated
with the presence of FL in women in Model 1. In
Model 2, only low HDL-C values and hyperuri-
cemia were associated with FL (Table 2). Besides,
in women, the metabolic syndrome was associated
with the presence of FL, even after adjusting by
HOMA-IR.

When analyzing the association of FL with sub-
clinical atherosclerosis, we found that the preva-
lence of elevated CIMT was significantly higher in
women with FL as compared with women without
FL (32.8 vs. 22.8%, p < 0.05). Figure 1 shows that,
in women, FL was associated with a 66% higher
probability of having a high CIMT, independent of
age, hypertension, hypercholesterolemia, hypertrig-
lyceridemia, low HDL-C (Model 1) and waist cir-
cumference (Model 2). Association of FL with high
CIMT was lost when HOMA-IR was included in the
model. In men, prevalence of high CIMT was similar
in those with and without FL (21.7 and 21.5%, re-
spectively); no association was found between FL
and elevated CIMT.

Table 1. Clinical and biochemical characteristics of the studied population.

DISCUSSION

Prevalence of FL was 32.4% in the studied sample
of Mexican Mestizo population without diabetes or
cardiovascular disease. The CMRF independently as-
sociated with FL were hyperuricemia in men, where-
as, in women, these were hyperuricemia, low HDL-C
values and MS. Our work shows, for the first time,
that FL is independently associated with subclinical
atherosclerosis in Mexican women. This study ex-
pands the available information on the association
of HOMA-IR with cardiovascular disease. Results of
this study and other reports?* suggest that, in wom-
en with FL, insulin resistance is an important medi-
ator in metabolic abnormalities associated to
cardiovascular disease.

It has been suggested that in comparison with
Caucasian population, Mexican-Americans have a
greater susceptibility to accumulate liver fat (33 vs.
46%).5 Studies performed in Mexican adults without
DM, reported prevalences of FL between 15%°%38 to
32.1%.° Considering, that higher frequency of obesi-
ty has been associated to higher prevalence of FL,25
and that our data show that FL is more common in
overweight and obese subjects than in normal
weight individuals, it is reasonable to suggest that
the discrepancies among Mexican studies, could be
explained by the differences in overweight preva-
lence. The first studies®® were performed in groups

Men Women

Variable Without FL (n=265) With FL (n = 152) p* Without FL (n =307) With FL (n=122) p*
Age (years) 535 199 514+ 83 <0.05 541 + 87 52.1 +838 <0.05
SBP (mmHg) 116.7 £09 1211 £ 12 <0.01 111.3 £ 09 1145 +14 <0.05
DBP (mmHg) 724 £06 751 £ 08 <0.01 68.8 £ 0.5 703 £0.7 0.1
Waist circumference (cm) 959 +06 1035 £ 0.8 <0.0001 898 + 06 975 +1.0 <0.0001
BMI (kg/m?) 272 +02 302 + 03 <0.0001 279 + 03 30.7 £04 <0.0001
T. cholesterol (mg/dL) 189.8 +36 1936 + 37.7 0.29 197.8 + 363 190.9 +40 0.08
LDL-C (mg/dL) 117.8 £2.0 1188 + 2.7 0.77 1191 + 1.8 116.6 +2.8 0.407
HDL-C (mg/dL) 424 £0.7 404 £ 09 <0.05 529 £ 0.8 456 £1.2 <0.0001
Triglycerides (mg/dL) 176.9 6.1 196.7 + 8.1 <0.01 146.4 + 4.1 175.1 £6.5 <0.01
Glucose (mg/dL) 904 +0.6 932 £ 07 <0.01 873 £ 05 947 +0.8 <0.001
Insulin (U/mL) 163 £0.7 240 + 09 <0.0001 166 £ 05 251 +0.8 <0.001
HOMA-IR 3.7 102 55+ 02 <0.0001 36 £ 0.1 59 +0.2 <0.001
Uric acid (mg/dL) 6.1 £0.1 71+ 01 0.0001 47 + 0.1 55 0.1 <0.0001
AST (UIL) 26.5 £0.02 321108 <0.0001 242 + 06 316 £0.9 <0.0001
ALT (UIL) 272 £10 418 £ 13 <0.0001 228 £ 09 31.9 £1.1 <0.0001

Mean values + SD. * ANCOVA adjusted for age. FL: fatty liver. SBP: systolic blood pressure. DBP: diastolic blood pressure. BMI: body mass index.
T. cholesterol: total cholesterol. HOMA-IR: homeostasis model to assess insulin resistance. LDL-C: low density lipoprotein cholesterol. HDL-C: high density
lipoprotein cholesterol. AST: aspartate aminotransferase. ALT: alanine aminotransferase.
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Table 2. Logistic regression analysis to assess FL association with cardiometabolic risk factors.

FL (Model 1)
OR (95% Cl)

FL (Model 2)
OR (95% Cl)

Men
Hypertension
Hypertriglyceridemia
Low HDL-C
Glucose > 100 mg/dL
Hyperuricemia
Metabolic syndrome
HOMA-IR > p75

Women
Hypertension
Hypertriglyceridemia
Low HDL-C
Glucosa > 100 mg/dL
Hyperuricemia
Metabolic syndrome
HOMA-IR > p75

110 (0.67-1.80) 092 (049-1.72)
128 (0.82-1.98) 097 (0.56-1.68)
093 (0.60-1.43) 099 (0.58-1.69)
184 (1.07-3.17)* 148 (0.73-3.02)
328 (2.02-5.32)** 343 (1.87-6.20)**
127 (0.81-1.98) 095 (0.54-1.69)
460 (2.40-8.82)* i

141 (0.84-2.36) 096 (0.50-1.83)
201 (1.31-3.10)* 167 (0.97-2.88)
261 (1.66-4.10)* 234 (1.32-4.15)*
456 (2.55-8.14)* 205 (0.98-4.31)
351 (2.17-5.68)** 202 (1.11-3.69)"
251 (1.57-4.02) *** 207 (1.19-3.60)"
729 (3.76-14.13) -

FL: fatty liver. OR: odds ratio. Cl: confidence interval. HDL-C: high density lipoprotein cholesterol. HOMA-IR: homeostasis model to assess insulin
resistance. Hypertension: blood pressure > 140/90 mmHg or antihypertensive treatment. Hypertriglyceridemia: TG > 150 mg/dL. Low HDL-C: < 40 mg/dL
in men and < 50 mg/dL in women. Hyperuricemia: uric acid > 7 mg/dL in men and > 6 mg/dL in women; HOMA-IR > p75: > 3.12in men and > 3.19in
women. * P < 0.05. ** P < 0.001. *** P < 0.0001. Model 1: adjusted for age and waist circumference. Model 2: adjusted for age, waist circumference and

HOMA-IR.

with less than 45% excess body weight, whereas our
study and that of Lizardi-Cervera, et al.,? which
showed similar FL prevalences (32.4 and 32.1%,
respectively), included individuals in which the
excess body weight was approximately 80%.

It has been previously observed that around 90%
of people with FL present more than one MS compo-
nent, and approximately 33% have three or more
components.2® The present results indicate that al-
most half of the subjects with FL. have MS (men,
55.3%; women, 48.4%); which is significantly higher
than in subjects without FL (men, 38.1%; women,
23.1%). Our results also show that, independently
from obesity, FL was associated to high plasma glu-
cose, uric acid, and HOMA-IR values in men and
women, and with hypertriglyceridemia and low
HDL-C values in women. Although MS was more
prevalent in subjects with FL, the odds ratio for
this condition was not higher than that observed
for individual components (Table 2). After adjusting for
HOMA-IR, most associations were lost. These find-
ings support the hypothesis that FL is a manifesta-
tion of MS, with IR as the main pathogenic
mechanism.2” On physiological conditions, insulin
decreases fatty acids release by adipose tissue. How-
ever, in an insulin resistance state, the hormone

CIMT > p75

Model 3 &

150 (0.83-2.73)
p=0.18

Model 2 =

1.66 (1.001-2.75)
p=0.05

Model 1 1.75 (1.08-2.86)

p=0.02

Without adjustment 1.65 (1.04-2.62)

p=0.03

2 3
OR (Cl 95%)*

Figure 1. Association of hepatic steatosis with elevated carotid inti-
ma media thickness (CIMT) in women. CIMT > p75: carotid intima media
thickness greater than 75 percentile, specific for age and gender (see
Methods). Model 1, adjusted for age, arterial hypertension, hypercholeste-
rolemia, hypertriglyceridemia, and low HDL-C. Model 2, adjusted for model
1 + waist circumference. Model 3, adjusted for model 2 + HOMA-IR.
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sensitive lipase is not adequately regulated, result-
ing in excessive release of free fatty acids by adi-
pocytes.?® The increased flow of these fatty acids to
the liver, favours hepatic synthesis and secretion of
TG-rich lipoproteins, and reduction in HDL-C lev-
els; this would explain the atherogenic dyslipidemia
characteristic of subjects with FL.2? On the other
hand, although increases the synthesis and reduces
renal excretion of uric acid, it has also been suggest-
ed that hyperuricemia could be a compensatory
mechanism that regulates the excess production of
reactive oxygen species (ROS), resulting from the in-
creased circulating fatty acids during IR.30

IR is a key abnormality of FL that affects pancre-
as, liver, muscle and adipose tissue.3! This insulin
resistance state is linked to systemic inflammation
and higher levels of pro-inflammatory molecules
such as tumor necrosis factor-o, Interleukin1p, In-
terleukin 6, resistin and free fatty acids. These mol-
ecules reduce the release of nitric oxide and lead to
endothelial dysfunction, which is one of the most
important early steps in the atherogenic process.
The cluster of these disorders enhance the risk of
cardiovascular disease and death.32

Recent studies have shown a close relation be-
tween the presence of FL and subclinical athero-
sclerosis.3334 In 633 non-diabetic subjects, Kang, et
al.,'” found that subjects with FL had 23% more
risk to present elevated CIMT, even in the absence
of MS. Targher, et al.,3® reported that the CIMT is
high in non-obese volunteer subjects with FL. Our
present results show that, in women, FL was asso-
ciated with a 66% higher probability of having ele-
vated CIMT, regardless of age, hypertension,
dyslipidemia, and waist circumference. The fact
that this association was attenuated after adjust-
ing for HOMA-IR, suggests that cardiovascular
risk associated to FL could be explained, at least in
part, by etiopathogenic mechanisms associated to
IR. In men, no association was observed between
FL and elevated CIMT. This difference between gen-
ders might be explained, by our results showing
that FL in women was associated with a higher
number of cardiovascular risk factors (Table 2).
Similar results have been previously reported, sug-
gesting that the deleterious effects of obesity and
cardiovascular risk associated to MS, are more evi-
dent in women.36:37

It is important to consider that due to the cross-
sectional characteristics of the GEA study, the
present results do not allow identifying causality be-
tween FL and cardiovascular risk factors. Another
characteristic of the GEA study is that sample selec-

tion only included people without personal or family
history of premature CAD, hence the results may
not be applied to the general population.

FL can be identified by several noninvasive meth-
ods. Magnetic resonance spectroscopy is considered
the best diagnostic tool, because it can detect as
little as 5% liver fat accumulation. However, it is
relative expensive and not widely available. Ultra-
sonography is an easy method, of low cost, and com-
monly used, but it is operator dependent and
provides only a qualitative assessment of the fatty
liver. Similar to ultrasonography, computed tomog-
raphy (CT) identifies a fatty liver only in those sub-
jects with liver fat accumulation higher than 30%.1°
However, compared with ultrasound, CT has a
greater reproducibility and specificity, and a signifi-
cant correlation has been demonstrated between the
liver attenuation images on CT and the histologic
grade of the steatosis.

CONCLUSIONS

Our results showed that FL is present in 32.4%
of the Mexican Mestizo population studied. FL was
independently associated with high uric acid levels
in both genders and also with low HDL-C concen-
trations and the MS in women. Additionally, only in
women, FL showed independent association with
subclinical atherosclerosis after adjustment for tra-
ditional CMRF. These findings suggest that in Mexi-
can women with FL, IR could be an important
mediator in both metabolic abnormalities and in
subclinical atherosclerosis.
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