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Abstract

Background & Aim: Liver cirrhosis continues to be an
important cause of death in Mexico. Some data sug-
gest that being overweight is a risk factor for chronic
liver disease. The aim of this study was to assess the
link between the incidences of being overweight or
obese and mortality from liver cirrhosis in Mexico
during the period 1990-2001. Methods: We designed
and conducted an ecological study of trends with mul-
tiple comparisons of regions of Mexico (North, Cen-
tral, Mexico City, and South). We built the time trends
according to the mortality rates of liver cirrhosis re-
ported by the System of Vital Statistics (Health Minis-
try) in each state for each year from 1990 to 2001. The
information on prevalences of overweight (body mass
index (BMI) = 25-29.9) and obesity (BMI • 30) was
from two national surveys (1993 and 2000). Results:
The analysis of mortality trends in liver cirrhosis by
region showed an increase in the risk of death across
time. This risk was considerably higher for the South
Region (βββββ = 1.03, p <0.0001). The mortality rates re-
mained higher than 30 per 100,000 inhabitants. When
we selected the three states with the highest mortality
rates for each region, the most significant changes in
the trends were in the North and South regions (βββββ =
0.75, p <0.0001 and βββββ = 1.29, p <0.0001, respectively).
In addition, the prevalence of overweight in the four
regions increased from 1993 to 2000 (percentage
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change, 10.2-48.2). Obesity was most prevalent in the
North and South regions in 1993. Conclusion: Our ob-
servations support the hypothesis that obesity might
play an important role in the risk of developing liver
cirrhosis.
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Introduction

In 2000, liver cirrhosis was the fourth leading cause of
death in Mexico. More importantly, it was the second
leading cause of death in 35-55 year olds.1 Alcohol and
hepatitis C (HCV) infection are the most frequent causes
of liver cirrhosis in Mexico.2 In addition, it has been sug-
gested that cryptogenic cirrhosis is the second major
cause of liver disease. The prevalence of cryptogenic cir-
rhosis ranged from 5 to 30% of cirrhotic patients in previ-
ous studies.3,4 A diagnosis of cryptogenic cirrhosis is usu-
ally accepted after an extensive evaluation has excluded
recognizable etiologies such as occult alcohol abuse, oc-
cult viral (non-B, non-C) hepatitis, silent autoimmune
hepatitis, or progression of nonalcoholic steatohepatitis
(NASH).5

Obesity is described in 40-100% of patients with
NASH, depending on the definition of obesity that is
used.6,7 In Mexico, a high prevalence of obesity (body
mass index (BMI) of ≥ 30.0) was noted in both men
(14.9%) and women (25.1%) in the last Mexican Nation-
al Health Survey 2000 (Health Ministry – ENSA 2000).8,9

In addition, NASH has been reported worldwide, al-
though geographic variations in prevalence are evident.
NASH is the histological diagnosis in 7-11% of patients
undergoing liver biopsy in the United States and Cana-
da,10,11 but is found in only 1.2% of patients undergoing
liver biopsy in Japan.12 In a recent histological study,
NASH was documented in 26% of 81 nonalcoholic pa-
tients with marker-negative abnormal liver function test
results.13 NASH may be even more prevalent among as-
ymptomatic patients with elevated liver function test re-
sults, negative viral markers, and negligible alcohol in-
take because many of these patients do not undergo liver
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biopsy. The prevalence of NASH in the general popula-
tion has not been defined. In a large autopsy series of 351
unselected nonalcoholic obese and nonobese patients, the
prevalence of NASH was 6.3%.14 On the other hand, in
the last National Survey of chronic diseases in Mexico
(1993), the five Mexican States with high rates of liver
cirrhosis were Campeche, Hidalgo, Estado de Mexico,
Puebla and Yucatan (Encuesta Nacional de Enfer-
medades Crónicas (ENEC), Epidemiología, Secretaría de
Salud, México 1993). (National Survey on Chronic Dis-
eases. Epidemiology, Ministry of Health, Mexico 1993).1

The question arises as to whether the increase in over-
weight and obesity prevalence seen in Mexico may be re-
lated to the high mortality rates of liver cirrhosis reported
in the five Mexican states. The main aim of this study was
to assess the relationship between the prevalences of
overweight and obesity and the trends in mortality by liv-
er cirrhosis in Mexico in the period 1990-2001.

Methods

We conducted an ecological study of trends for multi-
ple comparison groups.15 The groups were geographically
defined according to the following division by states of
Mexico. North Region: Baja California (BC), Baja Cali-
fornia Sur (BCS), Coahuila (Coah), Chihuahua (Chih),
Durango (Dgo), Nuevo León (NL), Sinaloa (Sin), Sonora
(Son), Tamaulipas (Tams), and Zacatecas (Zac); Central
Region: Aguascalientes (Ags), Colima (Col), Guanajuato
(Gto), Hidalgo (Hgo), Jalisco (Jal), México (Mex), Mi-
choacán (Mich), Nayarit (Nay), Querétaro (Qro), San
Luis Potosí (SLP), and Tlaxcala (Tlax); South Region:
Campeche (Camp), Chiapas (Chis), Guerrero (Gro), Mo-
relos (Mor), Oaxaca (Oax), Puebla (Pue), Quintana Roo
(QRoo), Tabasco (Tab), Veracruz (Ver), and Yucatán
(Yuc); and Mexico City Region: Distrito Federal (DF).

The time trends were built in accordance with the mor-
tality rates of liver cirrhosis reported by the System of Vi-
tal Statistics (Health Ministry) by each state and for each
year during the period 1990-2001. The codes of the Inter-
national Classification of Diseases (ICD - World Health
Organization) that were taken to group liver cirrhosis are:
9th revision: 571-573 (years 1990-1997), and 10th revi-
sion: K70–K77 (years 1998-2001).

The information on prevalences of overweight and obesi-
ty was based on data from two national surveys. The first is
the National Survey of Chronic Diseases that was conducted
by the Health Ministry during 1993.1 This survey reports
such prevalences only by region (as previously mentioned).
The second survey is the Mexican National Health Survey
2000 (Health Ministry – ENSA 2000).8 Because this survey
contains information about the prevalence of overweight
and obesity by state, in order to establish comparisons, we
grouped the state information into regions. Both surveys de-
fine overweight as a BMI of between 25 and 29.9, and obe-
sity as a BMI equal to or higher than 30.

Consequently, because the available information about
overweight and obesity only corresponded to two time
points, we only compared the percentage change in the
prevalence (increase or decrease) between 1993 and
2000.

Statistical analyses

The mortality rates are expressed per 100,000 inhabit-
ants. Scatterplots of mortality rates by year were built for
each region. Adjusted lines were derived by simple linear
regression analysis and the β coefficients (slopes) and
their statistical significance are presented.16 The statistical
significance of the change in prevalences of overweight
and obesity was established by means of the χ2 test. A p-
value of < 0.05 was considered statistically significant.
All statistical analyses were conducted using the software
program SPSS/PC v 10.0 (Chicago, IL).

Results

The analysis of mortality trends by liver cirrhosis divid-
ed by region yielded interesting results. Except for Mexico
City, all regions showed an increase in the risk of death
across the time span (Figures 1-4). This risk was consider-
ably higher in the South Region (β = 1.03, p < 0.0001). Al-
though the mortality rates for Mexico City Region re-
mained higher than 30 per 100,000 inhabitants, the trend
showed almost no variation during the period (β = -0.19,
p = 0.11). The lowest mortality rates (mainly less than 20
per 100,000 inhabitants) were observed in the North Re-
gion. Nevertheless, the trend had a statistically significant
increase (β = 0.55, p < 0.0001). The Central Region also
showed a moderate increase (β = 0.45, p = 0.09). Together
with the South Region, it was characterized by states with
mortality rates ranging from low (<10 per 100,000 inhabit-
ants) to high (> 40 per 100,000 inhabitants).

When we selected the three states with the highest
mortality rates by each region (except Mexico City,
which includes only one state), we observed the most sig-
nificant changes in the trends in the North and South re-
gions (β = 0.75, p < 0.0001 and β = 1.29, p < 0.0001, re-
spectively). These analyses are presented in Figures 5-7.

Practically all four regions showed an increase in the
prevalence of overweight from 1993 to 2000 (percentage
change between 10.2 and 48.2) (Table I). On the other
hand, the prevalence of obesity slightly increased in Mex-
ico City and Central regions (1.5 and 2.1% respectively),
and decreased by 1.6% in the North Region and 19.4% in
the South Region (Table I). The changes were statistical-
ly significant only for South Region.

Discussion

In this study, we assessed the role of the prevalences
of overweight and obesity on the trends in mortality
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from liver cirrhosis in Mexico in the period 1990-2001.
There was an increase in the prevalence of overweight,
practically in all the four regions of Mexico between
1993 and 2000. The highest prevalences of obesity, ob-
served in the North and South regions in 1993, had re-
duced by the year 2000. In addition, we observed the
most significant changes in the trends of mortality rates
by liver cirrhosis in the North and South regions. Our
observations support the hypothesis that obesity might
play a significant role in the risk of developing liver cir-
rhosis in Mexico.

The results of the present study are important because
of the emergent epidemic of overweight and obesity in
the developed and developing world.17,18 Thus, the clini-
cian is increasingly confronted with the problems and di-
lemmas associated with nonalcoholic fatty liver disease
(NAFLD). After excluding other forms of liver disease,
the clinician needs to be able to select patients at risk of
progressive disease, investigate them appropriately, and
develop management strategies.

How can we explain the present observations? Firstly,
it has been suggested that obesity is the condition most

Figure 1. Mortality trend by liver cirrhosis. Mexico City Region.
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Figure 2. Mortality trend by liver cirrhosis. Central Region.
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Figure 3. Mortality trend by liver cirrhosis. North Region.
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Figure 4. Mortality trend by liver cirrhosis. South Region.
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Table I. Prevalences (%) of overweight and obesity, according to two national surveys (1993 and 2000).

 Year:  1993 2000  1993 vs 2000 p-value
 % change

Region BMI: < 25  25-29.9 ≥ 30 < 25  25-29.9 ≥ 30 25-29.9 ≥ 30

North 37.8  37.4 24.7 34.5  41.2 24.3 ↑↑↑↑↑ 10.2 ↓↓↓↓↓ 1.6 0.71
Central 44.3  36.1 19.5 40.3  39.8 19.9 ↑↑↑↑↑ 10.2 ↑↑↑↑↑ 2.1 0.83
South 39.7  38.6 21.7 25.3  57.2 17.5 ↑↑↑↑↑ 48.2 ↓↓↓↓↓19.4 0.03
Mexico City 40.5  40.1 19.4 34.7  45.6 19.7 ↑↑↑↑↑ 13.7 ↑↑↑↑↑ 1.5 0.67

often reported in association with NAFLD.19 Secondly,
there is a direct correlation between BMI and the preva-
lence and severity of NAFLD. Thirdly, the prevalence of
NAFLD increases by 4.6-fold in obese people. About two
to three fourths of obese (BMI ≥ 30 kg/m2) individuals
have NAFLD, whereas more than 90% of severely obese
(BMI > 35 kg/m2) people have NAFLD.20 The spectrum
of NAFLD is wide and ranges from simple fat accumula-
tion in hepatocytes (steatosis) without biochemical or his-
tological evidence of inflammation or fibrosis, through to
fat accumulation plus necroinflammatory activity with or
without fibrosis (steatohepatitis), to the development of
advanced liver fibrosis or cirrhosis (cirrhotic stage).20 All
these stages are histologically indistinguishable from
those produced by excessive alcohol consumption, but
occur in patients who do not abuse alcohol. Nonalcoholic
steatohepatitis (NASH) represents only a stage within the
spectrum of NAFLD.

On the other hand, the role of obesity compared with
that of alcohol in inducing liver diseases or abnormal re-
sults on liver function tests is still controversial. Although

Figure 5. Mortality trend by liver cirrhosis. Selected states of Central
Region.
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Figure 6. Mortality trend by liver cirrhosis. Selected states of North
Region.

50

40

30

20

10

0

Tams
Chih

BC

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

% of change
1993 2000vs

overweight   10.2
obesity           1.6

2002

1989

β= 0.75, p<0.0001M
or

ta
lit

y 
by

 1
00

,0
00

 in
ha

bi
ta

nt
s

BC BC
BC BC

BC
BC BC

BC

Tams
Chih

Tams
Chih

Tams
Chih

Tams

Chih

Tams

Chih
Chih

Tams Tams
Chih

BC
Tams

Tams

Chih
BC

ChihChih
Tams

BC

Chih
Tams

Figure 7. Mortality trend by liver cirrhosis. Selected states of South
Region.
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the presence of excess weight for at least 10 years has
been claimed to be a potential additional risk factor for
acute alcoholic hepatitis and cirrhosis,21 most data have
been collected from selected series or retrospectively.
Naveau et al.21 showed that the presence of excess weight
for at least 10 years is a risk factor for cirrhosis, acute al-
cohol hepatitis, and steatosis. Further, those investigators
suggested that there is a possible potential for the meta-
bolic effects of ethanol ingestion caused by excess weight
in patients with alcoholic liver disease.

Interestingly in the present study, the highest preva-
lence of obesity in 1993 was reported in the South and
North regions of Mexico, and this result may be ex-
plained in part by those regions having the highest mor-
tality rates for liver cirrhosis in Mexico.

Currently the pathogenesis of NASH involves a
“two-hit” hypothesis in which an initial metabolic dis-
turbance causes steatosis and a second pathogenic stim-
ulus causes oxidative stress, reactive oxygen species,
lipid peroxidation, and a resultant steatohepatitis.22,23

Moreover, experimental studies have shown that, under
certain circumstances, obese animals might develop ste-
atohepatitis,24,25 which could result in a fibrogenic re-
sponse. In a longitudinal study of obese patients with re-
peated liver biopsies, Ratziu et al.26 found an association
between necroinflammatory activity and septal fibrosis,
because patients without necroinflammatory activity on
the initial biopsy did not progress to septal fibrosis with-
in as many as 15 years of follow-up. However, it is not
known if the development of steatohepatitis in obesity is
genetically determined. In this series, when necroin-
flammatory activity was absent on the initial biopsy, it
did not subsequently develop, whereas it persisted when
it was present. This suggests that two different popula-
tions of overweight patients might exist according to
whether necroinflammatory activity is present, which
might, in turn, condition the subsequent development of
septal fibrosis.26

Furthermore, Angulo et al.27 found in 144 obese pa-
tients who underwent liver biopsy that older age, obesity,
and the presence of diabetes mellitus as an independent
predictor, help identify those NASH patients who might
have severe liver fibrosis.

Finally, we have to recognize the limitations of this
ecological study because of its incomplete design.15 The
information on which this design is based is aggregated
(mortality rate by state on one side, and prevalence of
overweight and obesity on the other). Thus, it is not pos-
sible to reach individual inferences from these data with-
out falling into an ecological fallacy. However, this type
of study might be useful for estimating risks from data
aggregated on a geographical basis. Further, these studies
might address specific questions concerning health in re-
lation to investigating clustering of disease, or for hypoth-
esis generation such as the association between obesity
and liver cirrhosis.

In conclusion, the high prevalence of obesity and
overweight seen in the North and South regions of Mex-
ico in the 1990s could be associated with the high mor-
tality rates from liver cirrhosis observed in those re-
gions. Our observations support the hypothesis that obe-
sity plays a significant role in the risk of liver cirrhosis
in Mexico.
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