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Abstract
Background
Type-2 diabetes is a risk factor for progressive non-alcoholic fatty liver disease and the majority of
diabetic patients have blood lipid disorders, so they take statin drugs. Statins have the adverse effects
such as liver dysfunction and increase in liver enzymes. The purpose of this study was to compare the
liver enzymes in type 2 diabetic patients who are user and non-user of statin.
Materials and Methods
In a case-control study, increased liver enzymes (ALT and AST > 40 U/L) were measured in blood
samples of 200 type II diabetic patients (with and without statin consumption) who referred to
Mashhad Diabetes Clinic in Mashhad city (Iran), during May to November 2017. Levels of liver
enzymes and anthropometric indices were measured for both groups. Liver enzymes were assessed at
the baseline of two groups. The SPSS 20th software was used for data analysis.
Results
The mean of Body mass index in two groups of diabetic patients with and without statin consumption
had a significant difference (p <0.05). The mean of ALP in both groups was not statistically
significant, but the mean of LDL, ALT, AST and cholesterol levels in two groups of patients was
statistically significant (p<0.05).
Conclusion
Based on the results, cholesterol level in diabetic patients with statin consumption was higher than
non-consuming group.
Key Words: ALT, AST, Diabetes Mellitus, Statins.

*Please cite this article as: Rajabian M, Hussein Nejad E, Taghizade Moghaddam H. Comparison of Elevated
Liver Enzymes in Type 2 Diabetic Patients in User and Non-User of Statin. Int J Pediatr 2018; 6(12): 8757-64.
DOI: 10.22038/ijp.2018.34136.3015

*Corresponding Author:
Majid Rajabian, Ph.D. Department of Biochemistry, Payame Noor University, Mashhad, Iran.
Email: rajabiian@yahoo.com
Received date: Apr.14, 2018; Accepted date: Jul. 22, 2018

Int J Pediatr, Vol.6, N.12, Serial No.60, Dec. 2018

8757

Elevated Liver Enzymes in Type 2 Diabetic Patients

1- INTRODUCTION
Liver disease (also called hepatic
disease) is a type of damage to liver cell or
disease of the liver. The symptoms related
to liver dysfunction include both physical
signs and a variety of symptoms related to
digestive problems, blood sugar problems,
Immune disorders, abnormal absorption of
fats, and metabolism problems. Increased
activities of liver enzymes such as
aspartate aminotransferase (AST), alanine
aminotransferase
(ALT),
and
glutamyltranspeptidase
(GGT)
are
indicators of hepatocellular injury.
Increased activity of these markers is
associated with insulin resistance (1),
metabolic syndrome, and type 2 diabetes.
AST (Serum glutamic oxaloacetic
transaminase [SGOT]), and ALT (Serum
glutamate pyruvate transaminase [SGPT])
are sensitive indicators of liver damage
from different types of disease (2-9).
Tohidi et al.'s study showed that among
the liver enzymes, only ALT has a
significant relationship with type 2
diabetes (10). Mehar and Asija in a study
showed that in diabetic patients, the
normal level of SGPT and SGOT may be
greater than the chance of liver disease. In
liver disease patients, the normal level of
SGPT and SGOT may be greater than the
risk of diabetes (11). The increasing
incidence of obesity and type-2 diabetes is
a risk factor for progressive non-alcoholic
fatty liver disease (NAFLD), as the most
common cause of chronic liver disease
worldwide (1, 2). Individuals with type-2
diabetes mellitus (T2DM) have a high
prevalence (40% to 70%) of NAFLD (1214), and liver disease is an important cause
of death in these patients (15). Type 2
diabetes
is
characterized
by
hyperglycemia, insulin resistance, and
insulin deficiency. The insulin resistance
contributes to the abnormal lipid profile
that dyslipidemia contributes to increased
cardiovascular events in patients with type
2 diabetes (16). Studies suggested diabetes
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be considered as a risk factor for the
development of NAFLD and its
progression to more advanced liver disease
including
fibrosis,
cirrhosis,
and
hepatocellular carcinoma (17). The 3hydroxy-3-methylglutaryl-coenzyme
(HMG-CoA) reductase inhibitors, also
known as statins, such as atorvastatin and
simvastatin are widely prescribed to
achieve low-density lipoprotein cholesterol
targets in NAFLD patients with T2DM and
increasing numbers of these patients have
received statins in recent decades in all
developed countries (13, 18, 19). Statins
have become the first-line therapy for
reducing the risk of cardiovascular disease
(CVD) mortality and morbidity as well as
the
need
for
coronary
artery
revascularization procedures (CARP) in
people who have suboptimal lipid profile,
with or without other risk factors.
Statins are the cornerstone of treatment for
dyslipidemia, but a recent meta-analysis of
randomized trials found an association
between their use and incident diabetes
(20). The role of statins in primary and
secondary prevention of CVD, including
among patients with type 2 diabetes, is
well established. However, the relationship
of statin therapy to incident type 2 diabetes
is controversial. In the first study that
evaluated this association using the West
of Scotland Coronary Prevention Study
(WOSCOPS)
published
in
2001,
pravastatin (40mg/day) was reported to be
associated with a 30% risk reduction for
incident diabetes, although the upper
bound of the 95% confidence interval (CI)
for that observation was 0.99 (21). Highdose statin therapy is associated with more
frequent abnormalities of liver function
tests (LFTs), although they are generally
still relatively infrequent. In the Treating
to New Targets (TNT) trial, 20 patients
with clinical cardiovascular disease (CVD)
were randomized to 10 or 80 mg of
atorvastatin. The incidence of persistent
elevation in ALT, AST, or both (defined as
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two consecutive measurements obtained
4–10 days apart that were more than three
times the upper limit of the normal range)
was 0.2 and 1.2%, respectively (P < 0.001)
(22). Efficacy and safety of statins in
significantly reducing cardiovascular
events in moderate-to-high-risk patients
has been well documented, both in primary
and secondary prevention (23, 24),
however, diabetes increases the risk of
cardiovascular mortality by two- to fourfold, hence, use of statins appears to be
paradoxical (23). The prescribed statins
challenges and adverse effects such as
liver dysfunction, myopathy, cognitive
impairment and increases in liver enzymes
are commonly reported, but, in general,
statins are well tolerated with a low
incidence of side-effect (23, 25, 26). The
management of diabetes patients is
theoretically complicated by liver-related
alterations and requires attention and
precision in the use of medications. In this
study, we aimed to investigate the
prevalence of elevated liver enzymes in
type 2 diabetic patients who were user and
non-user of statin.
2- MATERIALS AND METHODS
2-1. Method
This
cross-sectional
study
was
conducted on 200 type-2 diabetic patients
who were user (n=100), and non-user
(n=100) of statin who referred to Mashhad
Diabetes Clinic in Mashhad city (Iran),
from May to November 2017.
2-2. Anthropometric characteristics
Weight and height were measured using
standard procedures in all subjects. Body
mass index (BMI) was calculated as
weight divided by height squared (kg/m2).
Waist circumference was measured at the
superior border of the iliac crest and values
>102 cm for men and >88 cm for women
were considered central obesity.
2-3. Biochemical characteristics
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Blood samples were collected during each
visit from the antecubital vein between 8
a.m. and 10 a.m. in a sitting position after
12 h of fasting. Total cholesterol, highdensity lipoprotein cholesterol (HDL),
triglycerides (TGL) and blood glucose
were measured in all participants
using colorimetric enzymatic method in a
Technicon automatic analyzer RA-1000
(Dade-Behring Marburg GmbH, Marburg,
Germany). LDL cholesterol was calculated
using the Friedewald formula: total
cholesterol—HDL
cholesterol—
1/5 × (triglycerides),
(valid
when
triglycerides <400 mg/dl). All biochemical
measurements were carried out in the same
laboratory that followed the criteria of the
World
Health
Organization
Lipid
Reference Laboratories. Determination of
the frequency of liver enzymes in two
groups (user and non-user of statin in
diabetic patients) was done using USA,
Cobas® 6000 analyzer series. For each
participant, 5 ml of serum was kept at -70
°C for measuring liver enzymes. The most
sensitive and widely used liver enzymes
include: Aspartate Aminotransferase (AST
or SGOT), Alanine Aminotransferase
(ALT or SGPT). These enzymes are
normally contained within liver cells. AST
and ALT were measured by photometric
enzyme method. In the measurement of the
above
analysis,
commercial
kits
(Parsazmun Co., Tehran, Iran) were used.
2-4. AST and ALT the Normal Range
AST (SGOT) is from 5 to 40 units per liter
of serum (the liquid part of the blood).
ALT (SGPT) is from 7 to 56 units per liter
of serum (27).
2-5. Ethics
The study was voluntary. All participants
signed a research consent form.
2-6. Data analysis
Blood samples were obtained from
patients and a self-made questionnaire was
used to collect data. Increased liver
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enzymes (ALT and AST > 40 U/L) were
measured in blood samples of 200 diabetic
subjects who were user and non-user of
statin. For doing the study, the second
researcher referred to Mashhad Diabetes
Clinic and after obtaining informed
consent from the patients, questionnaires
were completed and the blood samples
were taken. Data were analyzed using
SPSS software version 20.0 and
descriptive and analytic statistic tests, and
P<0.05 was considered significant.
3- RESULTS
In this study 200 type 2 diabetes
patients with and without statin
consumption participated. There was no
statistical significant difference between
the two groups in baseline characteristics
(p>0.05).
The
mean
of
waist
circumference in both groups was not
statistically significant. The mean of BMI
in two groups with and without statin

consumption had a significant difference
(p <0.05). The mean of ALP in both
groups was not statistically significant, but
the mean of LDL, ALT, AST and
cholesterol levels in two groups of patients
was statistically significant (p = 0.00).
Table.1 represents mean of indicated
variables in diabetic patients with and
without statin consumption. In terms of
equalization of variances and having
independent samples, the Levene's test was
used. According to the mean age, BMI,
LDL and cholesterol in the two groups of
diabetic patients with and without statin
consumption had a significant difference
(p<0.05). Mann-Whitney test was used for
non-normal distribution of the data. There
was a significant difference between the
mean liver enzymes of AST and ALT and
triglyceride in the two groups of diabetic
patients with and without statin
consumption (p<0.05).

Table-1: The comparison of the variables in diabetic patients with and without statin consumption.
Variables

Mean (SD)

P-value
Statin users
99.9 (7.10)
Waist (cm)
0.116
Non-user
97.73 (10.36)
Statin users
29.56 (4.76)
BMI (kg/m2)
0.048
Non-user
28.164 (5.21)
Statin users
209.27 (62.39)
ALP (U/L)
0.80
Non-user
209 (62.83)
Statin users
40.213 (4.32)
HCT (gr/ dl)
0.675
Non-user
39.96 (4.04)
Statin users
27.64 (4.04)
BUN (mg/dl)
0.842
Non-user
27.28 (13.25)
Statin users
129.08 (12.13)
LDL (mg/dl)
0.00
Non-user
82.37 (15.69)
Statin users
51.33 (21.36)
HDL (mg/dl)
0.337
Non-user
51.33 (13.92)
Statin users
237.44 (29.09)
Cholesterol
0.00
(mg/dl)
Non-user
157.43 (21.60)
Statin users
1.32 (0.47)
ALT (U/L)
0.019
Non-user
1.17 (0.384)
Statin users
1.32 (0.47)
AST (U/L)
0.014
Non-user
1.16 (0.37)
SD: Standard deviation; HCT: Hematocrit; BUN: blood urea nitrogen; LDL: Low-density lipoprotein; HDL:
high-density lipoprotein; BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase.
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4- DISCUSSION
The purpose of this study was to
compare the liver enzymes in type 2
diabetic patients with and without statin
consumption. Based on the results of this
study, the mean AST and ALT liver
enzymes in the two groups of diabetic
patients with and without statin
consumption was significantly different;
the results showed a significant increase in
AST and ALT in diabetic patients with
statin
consumption
(p<0.01).
Westerbacka et al. (28) had demonstrated
that ALT was closely associated with liver
fat unlike Aspartate transaminase (AST),
and gamma-glutamyl transferase (GGT),
and hence, ALT is used as a surrogate
marker for many epidemiological studies.
AST (SGOT) and ALT (SGPT) are
sensitive indicators of liver damage from
different types of disease. But it must be
emphasized that higher-than-normal levels
of these liver enzymes should not be
automatically equated with liver disease.
They may indicate liver problems. The
interpretation of elevated AST and ALT
levels depends upon the whole clinical
picture and so it is best done by doctors
experienced in evaluating liver disease.
The precise levels of these enzymes do not
correlate well with the extent of liver
damage or the prognosis. Thus, the exact
levels of AST (SGOT) and ALT (SGPT)
cannot be used to determine the degree of
liver disease or predict the future.

Our study showed a high incidence of
elevated ALT and AST levels in diabetic
patients with statin consumption. Strong
epidemiological,
biochemical,
and
therapeutic evidence support the premise
that the primary pathophysiological
derangement, in most patients with
NAFLD, is insulin resistance (29).
Insulin resistance leads to increased
lipolysis,
triglyceride
synthesis,
increased hepatic uptake of free fatty
acids, and accumulation of hepatic
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triglyceride
(30-32);
our
data
demonstrates higher serum cholesterol in
the patients with statin consumption.
Several factors could explain the increased
risk of new onset diabetes among patients
receiving certain statins (33-35). The
increased production of plasma derived
low density lipoprotein (LDL) cholesterol
as a compensatory response to de novo
cholesterol synthesis inhibition might
result in direct inflammation and oxidation
within the β cell. Consequently, the
functional and structural integrity of β
cells is compromised, impairing insulin
secretion as a result of cellular apoptosis
(35). Additionally, metabolic receptor
effects interfere with cellular glucose
uptake, energy production, and insulin
secretion (33-36). Statins can also inhibit
calcium mediated pancreatic insulin
release and decrease expression of the β
cell glucose transporters GLUT-2 and
GLUT-4 (35). Also, statins are known to
interfere with the synthesis of ubiquinone
(CoQ10), which could independently alter
insulin secretion (35, 36). The degree to
which statins are involved in these
respective mechanisms of diabetes onset is
variable and supports why some statins
pose a higher risk than pravastatin (34).
A meta-analysis by Sattar et al. of 13 trials
that included both WOSCOPS (West of
Scotland Coronary Prevention Study), and
JUPITER (Justification for the Use of
Statins
in
Primary Prevention:
An Intervention Trial Evaluating Rosuvast
atin trial) studies, with 91,140 participants,
revealed 9% increased risk of new-onset
diabetes in the statin group compared to
placebo group (37). With reference to the
overall significant beneficial potential of
statin
in
the
management
of
hyperlipidemia and reduction in the
cardiovascular risk and all-cause mortality
in diabetic patients, family doctors or
general practitioners should discuss with
their patients in details about the role of
lipid-lowering medications in their long-
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term management plan. In the interim, the
role of lifestyle modifications, including
healthy diet, regular exercise, and weight
control, are equally important as patients
with chronic diseases are now encouraged
towards being more self-empowered and
self-enabled (38). Nonetheless, patients
should be warned about any statin-related
side-effects such as liver impairment or
allergic reaction.
4-1. Limitations of the study

The lack of patients' follow-up, and low
sample size were among the limitations
of this study.
5- CONCLUSION
In summary, this study demonstrates a
high incidence of elevated ALT in patients
with newly diagnosed T2DM, suggesting
that the onset of the liver abnormalities
associated with dysglycemia may precede
the diagnosis of T2DM itself. These
abnormal ALT levels are associated with
features of the metabolic syndrome, but
not glycemic control. Individuals with type
2 diabetes have a higher incidence of LFT
abnormalities than individuals who do not
have diabetes.
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