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Abstract

Nonalcoholic fatty liver disease (NAFLD) is a health problem that has been demonstrated by research from
everywhere around the world where the disease’s prevalence appears to be high. The aim of this pilot study
was to describe the relationship of risk factors associated with NAFLD in terms of demographic, epidemiological and biochemical variables. Patients included in the study were drawn from people who came to the
liver and biliary tract section of the Hospital Universitario del Caribe in Cartagena, Colombia. This was a
prospective and descriptive pilot study that reviewed medical records for analysis of epidemiological and
demographic variables. It assessed spectrophotometric measurement of transaminases for determination of
De Ritis ratios (AST/ALT), and relationship to levels of cholesterol and triglycerides. The results suggest that
risks of developing NAFLD were higher among women, among patients who were obese, among patients
who had diabetes mellitus, among patients who had hypertension and obesity, and among patients who had
diabetes combined with obesity. Patients at risk merit biochemical molecular study and a definitive diagnosis.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), also known as
hepatic steatosis, is a clinicopathological condition characterized by infiltration of fat in hepatocytes of the liver
parenchyma at a rate that exceeds 5% to 10% of its weight.
Patients have persistently abnormal levels of liver enzymes
but do not consume significant amounts of alcohol. It is
also considered to be the hepatic manifestation of metabolic syndrome. (1, 2) The prevalence of NAFLD is related to
insulin resistance and obesity and varies from country to
country (Table 1). Nevertheless, the ranges is estimated to
be between 20% and 30% worldwide especially in industrialized Western countries. (3)

Clinically, NAFLD has a broad spectrum of presentations
from simple macrovesicular steatosis, to fatty liver accompanied by inflammation, on to fibrogenesis and hepatocellular necrosis . The latter increases the risk of liver failure
and in some cases leads to the development of hepatocellular carcinoma. (15-20) Among the risk factors associated with NAFLD are lifestyle factors such as diet and
exercise, insulin resistance, type II diabetes, dyslipidemia,
age, gender and genetic factors. (21) It is worth noting that
obesity and insulin resistance are considered risk to be the
factors most frequently associated with NAFLD and that
the degree of steatosis can be correlated with body mass
index (BMI). Diabetes may be an independent predictor of
NAFLD and of liver damage.
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Table 1. Prevalence of NAFLD by geographic area.
Reference

Population

Nigeria

(4)

General

Prevalence of
NAFLD
8.7%

Japan

(5)

General

29.7%

India

(6)

General

9%

Italy

(7)
(8)

General
General

58%
25.5%

Spain

(9)

General

25.8%

Ukraine

(10)

Diabetes Type II

46.2%

USA

(11)

General

45%

Mexico

(12)

Metabolic syndrome

82.9%

Brazil

(13)

General

33.5%

Chile

(14)

Obese Patients

63%

NAFLD’s complex biochemical mechanism involves
accumulation of triglycerides, insulin resistance, dysregulation of lipid metabolism, oxidative stress, lipid peroxidation, mitochondrial dysfunction, and innate immune response dysfunction. (22, 23) Genetics can be a determinant
of risk and severity the development NAFLD since these
processes are associated with multiple polymorphisms.
(24) Biochemical tests for diagnosis include those for transaminases, triglycerides and cholesterol which are sensitive
tests for simple steatosis, but confirmation requires histological images or imaging including ultrasound, computed
tomography, MRI and Fibroscan (transient elastography).
One parameter, AST/ALT (aspartate aminotransferase/
alanine aminotransferase) whose usefulness was demonstrated in 1957 by Fernando De Ritis, (25) has been almost
forgotten, but it predicts hepatocellular damage. ALT is
present only in the cytoplasm, while AST has two isoforms,
cytoplasmic (CAST) and mitochondrial (MAST). These
are immunologically distinct, the isoenzyme is much more
prevalent in mitochondria and MAST accounts for about
80% of total activity in the human liver. (26) The activity
of these transaminases reflects the metabolic activity in
the tissues where they are expressed and represents the
important relationship between carbohydrate metabolism
and proteins (Figures 1 and 2). The AST/ALT (De Ritis
ratio) ratio is a useful supporting indicator for predicting
the likeliness of that liver damage will develop into cirrhosis. This is because when serum levels of hepatocellular
death increase, levels of AST increase more than levels of
ALT. Consequently, whenever AST ratio is much higher
than ALT it reflects cellular damage. When the relationship
is more than two to one it indicates intracellular enzyme
release (both MAST and CAST) and thus indicates hepatocellular damage.
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Figure 1. Role of AST isoforms in cytoplasm and mitochondria.
Adapted from Botros M, 2013 (27)

The objective of this first part of the pilot study was to
assess the relationship of demographic, epidemiological
and biochemical factors to risk factors associated with the
development of NAFLD among patients who came to the
liver and biliary tract section of the Hospital Universitario
del Caribe in Cartagena.
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Figure 2. Function of ALT in the glucose-alanine cycle. Adapted from
Botros M, 2013 (27)

METHODOLOGY
This prospective descriptive pilot study included 105
adult patients with risk factors associated with NAFLD
who were seen in liver and bile duct surgery unit at the
Hospital Universitario del Caribe from September 2014 to
April 2015. The study’s exclusion criteria were alcohol consumption of 20 g/day for men and 10 g/day for women,
viral hepatitis, hepatotoxic drugs, hemochromatosis and
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Wilson’s disease. Demographic characteristics, reason for
patient referral patient, medical history, physical examination data and laboratory test results were all recorded.
Descriptive statistics including measures of central tendency, percentages and absolute frequencies were calculated with a 5% margin of error. Graphpad Prism was used for
data analysis. All data in this study were collected and used
in accordance with the principles stated in the Eighteenth
World Medical Assembly (Helsinki, 1964).
Biochemical Analysis
Blood samples obtained by venipuncture were collected
into tubes containing ethylenediaminetetraacetic acid (used
as an anticoagulant). Plasma was obtained by centrifuging
samples for 10 minutes at 2500 rpm at 4 ° C. Tests were
conducted at the Biochemistry Research Laboratory of the
Faculty of Medicine. Determination of enzymatic activity of
transaminases, triglycerides and cholesterol was performed
according to manufacturer (Biosystems). The reference
values e stablished for evaluating enzyme activity of AST and
ALT, cholesterol and triglycerides were 40 U/L, 41 U/L, 200
mg/dL, 150 mg/dL respectively. Enzyme activity (U) was
defined as the concentration of enzyme which catalyzes the
conversion of 1 µmol of substrate in one minute. All determinations were performed in triplicate in Tecan infinite M200®.

lesterol was less than 200 mg/dL. As shown in Table 3, in
the study sample of patients those who were characterized
as both being obese and having high blood pressure had the
highest De Ritis ratios and an average BMI of 36.6.
Table 2. Characteristics of the study population
Total samples (n = 105)
Average age, (Standard deviation)
Gender
Women
Men
Place of Origin
Urban n (%)
Rural: n (%)
Clinical
Obesity: n (%)
Diabetes: n (%)
Hypertension and obesity
Diabetes and Hypertension
Anthropometric
Average Weight, (standard deviation)
Average Height (standard deviation)
Average BMI (standard deviation)

RESULTS

n

% or (SD)

51,3

(16,9)

85
20

(81,0)
(19,0)

63
42

(60,3)
(39,7)

29
21
18
37

(28,0)
(20,0)
(17,0)
(35,0)

74,8
1,60
29,3

(13,6)
(0,08)
(5,2)

40

Biochemical markers
The De Ritis ratio (AST/ALT) was significantly greater than
1.0 (p <0.05), triglycerides were above 160 mg/dL and cho-

35
Percentage (%)

This study is based on the medical records of 105 patients
seen in the liver and biliary tract unit of the Hospital
Universitario del Caribe. They were used for descriptive analysis of risk factors for NAFLD, corresponding
to patients admitted to the Unit of Caribbean University
Hospital. The age range of the patients included in the study
were young (18-23 years), adults (24-59 years) and elderly
(over 60 years). Preliminary results show that the majority
of this population (52%) consists of adults. Nevertheless,
it is worrying that 18% of the study are young people and
Of the study population, 85% were women and 82% live in
urban areas (Table 2). Risk factors associated with NAFLD
included type II diabetes mellitus (28%), obesity (20%)
and HBP (38%). Absolute values were taken without
accounting for overlapping pathologies. Figure 3 shows
the percentages and groups associated with combinations
of two diseases. The distribution is as follows: 28% obese;
20% DM; 17% HBP and obesity; and 35% DM and HBP.

30
25
20
15
10
5
0

Obesity

DM

HT/Obese

DM/HT

Risk factors for NAFLD
Figure 3. Percentage frequencies of obesity, diabetes mellitus (DM),
HBP/obesity and DM/HBP associated with NAFLD.

DISCUSSION
NAFLD is a major public health problem which has been
extensively studied worldwide. Its incidence has been estimated at one in three adults in developed countries, and it
can affect individuals at any age. NAFLD was found to have
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Table 3. Clinical characteristics of the population with risk factors associated with NAFLD

Age
BMI (kg/m2)
AST/ALT
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Platelets (mm³)

Obesity
X (SD)
49.9 (17.0)
35.1 (4.4)
1.06 (0.42)
156.0 (32.0)
167.7 (64.2)
338438 (125712)

Diabetes mellitus
X (SD)
61.8 (13.8)
27.6 (4.2)
0.72 (0.46)
163.0 (38.0)
183.6 (79.6)
366857 (244249)

Obesity/HBP
X (SD)
64.8 (21.3)
36.6 (3.7)
1.46 (0.42)
137.6 (31.7)
130.6 (27.3)
269600 (46490)

Diabetes/HBP
X (SD)
67 (14.1)
30.6 (4.5)
0.65 (0.33)
155.7 (51.0)
162.4 (57.0)
332333 (172434)

The data are represented as mean ± standard deviation.

46% prevelance in a prospective cohort study that used
ultrasound (US) and liver biopsies of asymptomatic adult
patients. (28, 29) Ethnicity also influences NAFLD’s prevalence. (30) Accordingly, the population of South America has
the greatest number of individuals recorded with this disease
of any place worldwide. (31, 32) According to our results, the
main risk factors associated with NAFLD in the population
studied are obesity, DM, HBP, De Ritis ratio > 1.0 index and
dyslipidemia. This accords well with data presented in clinical
practice guidelines for NAFLD (Evidence-based clinical practice guidelines for nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis) and warrants a comprehensive biochemicalmolecular study that includes diagnosis of NAFLD in order
to improve our understanding of this disease. (33)
While a linear relationship among age, frequency of associated factors and confirmation of cases of NAFLD has
been reported, this was not found in our study. Two possible reasons could be early death from liver disease and low
level of health care coverage of this population. Moreover,
the fact that 18% of the patients in this study with NAFLD
were young individuals is a disturbing fact because of the
likely long/term impact on the pathology considering that
the livers of these patients will be exposed for long periods
of time to metabolic changes which ultimately can cause
increased risk of progression and complications.
The results show the highest frequency of this disease
among women who live in urban areas, which is similar to
data reported by other studies in Colombia. (34) These findings could be associated with high levels of stress, decreased quality of life and inadequate eating habits. These
factors also need to be evaluated as possible explanations
of the high levels of cardiovascular risks of women in the
same region. (35) In addition, to observe these characteristics associated with NAFLD mostly in urban areas is an
indirect indication of a liver disorder that has always been
linked to stress and to developed countries, rather than to
geographical location. This is due to lifestyle and diet of the
92
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population. (1) The study population was characterized by
diseases such as diabetes mellitus, obesity, hypertension
and combinations of these. Other researchers have reported diseases associated with NAFLD and these have been
included in this pilot study. (2)
The relative frequency of these pathologies associated with
NAFLD was similar for all groups, but obesity had the highest incidence. This factor is one of the most influential. A
fact that is highlighted by a report from Japan which found
a prevalence of obesity approximately 25% in patients with
NAFLD. (15) Obviously, this varies in different regions
and according to culture and lifestyles. Still, other researchers believe that not all obese people develop NAFLD,
but highlight the importance of the presence of additional
factors such as diabetes. (18) For Latin America, it is worth
noting that the World Health Organization reported that
more than 15% of the populations of Argentina, Colombia,
Peru, Paraguay and Uruguay are obese. Other studies have
also highlighted that Latin America is more susceptible
to obesity and type II diabetes because of the tendency to
a sedentary lifestyle combined with consumption of foods
that are high in fat. (17) It should also be noted that obesity
is correlated with the prevalence and severity of NAFLD as
has been demonstrated by recent American studies in which
the prevalence of obesity combined with severe NAFLD was
23.5% among men and 29.7% among women. (16)
Another risk factor related to the development of chronic
liver disease is diabetes mellitus. The prevalence of NAFLD
is between 60% and 76% among patients with this condition. This highlights the study population NAFLD because
insulin resistance and oxidative stress play an important role
in the development and progression of NAFLD because
high concentrations of insulin can cause failure to suppress
the flow of fatty acids. All these factors associated with
NAFLD confirm the strict pathophysiological association
between imbalances of lipid metabolism and biochemically
established glucose. (19, 21)
Original articles

In our study 20% of the population with high risks of
NAFLD had DM. It is indubitable that metabolic imbalances of lipids and carbohydrates have a strong influence
on development of NAFLD which makes it necessary to
confirm this diagnosis. Our results showed that the various
groups did not have significantly high scores for liver fibrosis
(data not shown). This finding is consistent with the levels
of triglycerides and cholesterol. Triglycerides are considered to be hepatoprotective in the context of NAFLD. They
protect against lipotoxicity by providing a buffering mechanism for the accumulation of free fatty acids, but this is not
harmless since steatosis has been associated with obesity,
dyslipidemia, insulin resistance and hypertension. Unlike
triglycerides, cholesterol is associated with NASH. An
in-vitro study in Caenorhabditis elegans showed that free
cholesterol, more than the accumulation of triglycerides
and free fatty acids, sensitizes the liver to steatosis through
tumor necrosis factor alpha (TNF-α) and Fas. There is also
evidence from mouse models of hyperlipidemia in which
free cholesterol is a major risk factor for the transition from
steatosis to NASH. (36-40)
Finally, De Ritis ratios greater than 1.0 indicate progression of liver fibrosis. These ratios probably derived from the
production and release of mitochondrial AST. (24) It has
been suggested that these changes in transaminase levels
precede NAFLD and tend to be associated with insulin
resistance. (4) While De Ritis ratios greater than 1.0 may
indicate the development of cirrhosis, elevated transaminase levels in NAFLD is not always evidence of the degree
of a hepatocellular condition. (5) Therefore, it is important
that biochemical results be followed up with a comprehensive study of NAFLD through imaging, histology and biochemical and molecular markers to elucidate the molecular
mechanisms underlying NAFLD and provide new bases
for the treatment of liver inflammation.
CONCLUSION
In summary, the preliminary results of this pilot study
suggest that there is a population with factors that put them
at high risk of developing NAFLD. Risk factors include
demographic characteristics, AST/ALT greater than 1.0
and other biochemical variables. This highlights the need
for a more comprehensive biochemical-molecular study.
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