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Abstract
Background
Serum gamma glutamyltransferase (GGT) have shown a strong association
with diabetes mellitus (DM) in many reported studies. Studies have proven
the association of elevated body mass index (BMI) and deposition of fat
causing insulin resistance leading to increased serum GGT levels. Evidence
is less supportive in the Sri Lankan context.

Objectives
The present study assessed the association of serum GGT with random
blood glucose (RBS) and BMI in selected individuals with diabetes and
individuals without diabetes.

Methods
Hundred and fourty-seven subjects including healthy individuals (n=72-
individuals without diabetes) and individuals with type 2 diabetes (n=75)
were recruited by convenience sampling. Serum GGT, RBS and BMI were
measured in all participants.

Results
The cases (median GGT=21.1 U/L, interquartile range (IQR)=12.7-28.8 U/L)
showed a significantly elevated (p=0.024) median serum GGT level compared
to controls (median GGT=14.4 U/L, IQR=12.3-20.1 U/L). There was a weak,
positive but statistically significant correlation (p=0.001) between serum
GGT and RBS in individuals with diabetes. The median serum GGT was
significantly different (p=0.03) among the categories of BMI in cases.
However, overweight group had a higher GGT (median GGT=24.1 U/L,
IQR=14.6-32.0 U/L) than the rest of the BMI categories in cases, while
obese cases have a low serum GGT level (median GGT=19.6 U/L, IQR=12.6-
26.9 U/L) compared to overweight individuals.

Conclusion
Diabetes patients have significantly higher serum GGT levels compared to
controls. Serum GGT levels positively associated with DM in the selected
population with diabetes. Higher serum GGT levels were associated higher
BMI. Serum GGT among BMI categories in cases showed a significant
difference.

https://orcid.org/0000-0002-4602-5006

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


37CJMS 2020; 57 (1): 36-42

Bandara D, et al

Background
Serum gamma-glutamyltransferase (GGT) is a well-known
important index of liver dysfunction and also a biological
marker of alcoholic liver damage [1,2,3]. Physiological role
of GGT enzyme is to counteract oxidative stress [4]. In
addition, recent studies suggested strong associations
of elevated GGT at the baseline and the risk of incidence
of many cardiovascular diseases and metabolic syndrome.
Many reported studies have shown a strong positive
relationship between elevated serum GGT and diabetes
mellitus (DM) [5-7]. Serum GGT level is associated with
several other factors such as gender, advanced age,
smoking, alcohol consumption, hypertension, lack of
physical exercises, disorders of lipid metabolism and
glycaemic disorders.

Overweight and obesity is increasing alarmingly in the
developed and developing countries. Obesity is strongly
associated with elevated GGT and excess fat deposition
of liver leading to non-alcoholic fatty liver disease
(NAFLD), which in turn causes hepatic insulin resistance
and hyperinsulinaemia. Therefore, changes in GGT level
reflects alterations of metabolic functions and could be
used as a marker of insulin resistance [8,9]. Although
mechanisms of the relationship between elevated GGT
levels and insulin resistance are not clearly unders-tood,
changes in GGT activity associated with diabetes is
believed to be based on glutathione depletion and on the
protective function of GGT induction to maintain appro-
priate hepatic glutathione levels [4]. Population based
studies on the association of elevated GGT and metabolic
syndrome are limited. Moreover, there is only limited
evidence in the Sri Lankan context to support the
association between serum GGT with blood glucose levels
and BMI in individuals with diabetes. The present study
investigated the association of serum GGT with random
blood glucose (RBS) and body mass index in selected
individuals with diabetes and individuals without
diabetes.

Methods
Study design

This is an unmatched case-control study. Participants were
recruited by convenience sampling. Cases were individuals
with type 2 diabetes attending selected private laboratories
and the controls (individuals without diabetes) were
selected from the general population in a few selected
districts in Sri Lanka.

Study population

A case control study was conducted including patients
with type 2 diabetes (case) and apparently healthy
individuals without diabetes (controls) between 20-60
years of age. The participants were recruited through a
self-administered questionnaire. Previously confirmed

individuals with type 2 diabetes were selected as cases
after analyzing the questionnaire. All participants were
screened for the exclusion criteria and written informed
consent was obtained by all participants prior to the
study. We excluded subjects with any previously
diagnosed history of hepatobiliary diseases, NAFLD,
subjects having hypertension, dyslipidaemia and subjects
consuming alcohol.

Study setting

The study was conducted in the Faculty of Allied Health
Sciences, University of Sri Jayewardenepura, Sri Lanka.
Ethical approval was granted by the Ethics Review
Committee of  the University of Sri Jayewardenepura, Sri
Lanka.

Sample size calculation

Sample size was calculated according to the two-sample
t-test calculation criteria. Minitab version 16 software
calculator was used for the calculation and calculated
minimum sample size was 57 in each category of study
subjects.

Biological  sample collection

Five milliliters of non-fasting whole blood was collected
by venepuncture and blood samples were collected into
separate tubes according to the analysis. Blood tubes
were labeled by the respective serial code given at the
time of enrollment. Samples were centrifuged at 3000 rpm
for 5 minutes for serum separation, after keeping for 1 hour
for clot  formation they were stored at 4 °C prior to analysis.
Further, serum samples were examined for hemolysis. Both
random blood glucose (RBS) and serum GGT were
measured by using a semi-automated clinical analyzer.

For all study participants body mass index (BMI) was
calculated as (weight/height2). The BMI cut off values of
23-24.9 kg/m2 and ≥25 kg/m2 was considered to classify
overweight and obesity respectively [10].

Statistical analysis

Analysis was done by SPSS version 25.0. General
characteristics were analysed  using descriptive analysis.
Non-parametric tests were used for the analysis, as the
serum GGT distribution deviated  from normal distribution
in both control and case groups.

Independent-Samples Mann-Whitney U test was used to
compare the distribution of serum GGT across the control
and case groups. Pearson’s correlation 2-tailed test was
performed with serum GGT and RBS levels and with serum
GGT and BMI. The value of “r” was calculated in control
(individuals without diabetes) and case (individuals with
type 2 diabetes) respectively.
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Results
Demographic characteristics of  the study population

The study was conducted using 147 individuals between
20-60 years of age. Out of 147 individuals 72 were
individuals without diabetes (control group) (48.9%) and
75 were known individuals with type 2 diabetes (case
group) (51.0%). Mean age of cases and controls were
53.7±5.7 years and 33.8±14.3 years (p<0.001) respectively.
In the control group, majority were females (77.8%) while
males represented 22.2 %. There were 66.7% females and
33.3% males (p=0.133) in case group. Most of the control
subjects were in normal BMI category (36.1%) whereas in
case subjects equal participants were found in overweight
and obese BMI categories (33.3%, p=0.066). Cases showed
non-significant (p=0.066) elevated mean BMI (24.2±4.2
kg/m2) compared to control subjects (22.8±4.6 kg/m2)
(Table 1).

Distribution of serum GGT in the study population

Cases showed significantly increased (p=0.024) GGT level
(median GGT=21.1 U/L, IQR=12.7-28.8 U/L) compared to
controls (median GGT=14.4 U/L, IQR=12.3-20.1 U/L). The
majority of cases (86.7%) and controls (88.9 %) showed
serum GGT levels within normal reference range. However,
there were 4 subjects (5.3 %) with elevated levels of GGT
in case group while only 1.4 % control subjects presented
with elevated GGT levels. There was a significant difference

between high, normal and low GGT levels (categorized
according to the normal reference range of serum GGT
11.00-61.00 U/L, reagent kit manual) in both cases (p<0.001)
and controls (p<0.001 ).

Association of serum GGT with RBS in study population

According to the Pearson’s correlation two tailed analysis,
cases showed a weak, positive, but statistically significant
correlation (r=0.38, p=0.001) between RBS and GGT levels
(Figure 1 (A)) while controls did not show a significant
correlation between GGT and RBS (Figure 1 (B)).

Association of serum GGT with BMI categories

Cases showed an elevated level of serum GGT in over-
weight category (median=24.1 U/L, IQR=14.6-32.0 U/L)
compared to that of control overweight category
(median=15.6 U/L, IQR=12.6-21.0 U/L). The median serum
GGT values were significantly different (p=0.032) among
the categories of BMI (underweight, normal, overweight
and obese) in individuals with diabetes. However,
overweight group had a higher GGT (24.1 U/L) than the
rest of the BMI categories in cases while obese cases had
a low serum GGT level (median=19.6 U/L, IQR=12.6-26.9
U/L) compared to overweight individuals (Table 2).
However, no significant difference in the distribution of
serum GGT across the categories of BMI in the control
group could be observed (Table 2).

Table 1. Distribution of socio-demographic variables among cases and controls

Variable Cases Controls p value
(n=75) (n=72)

Age (years) (mean±SD) 53.7±5.7 33.8±14.3 p<0.001

Gender

Female (n, %) 50 (66.7%) 56 (77.8%) 0.133

Male (n, %) 25 (33.3%) 16 (22.2%)

BMI (kg/m2) (mean±SD) 24.2±4.2 22.8±4.6 0.066

Median GGT (U/L) 21.1 14.4 0.024*

Interquartile range (IQR, U/L) 12.7-28.8 12.3-20.1

Median RBS (mg/dL) 178.2 95.7 p<0.001

IQR (U/L) 121.6-254.9 84.9-113.7

*p≤0.05 considered as significant
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Discussion
The present study was conducted to investigate the
association of serum GGT with RBS and BMI in a selected
Sri Lankan population. In this study 147 subjects were
recruited. The control group consisted of 72 apparently
healthy individuals without diabetes and case group
consisted of 75 individuals with type 2 diabetes.  Cases
showed significantly increased GGT level compared to
controls. According to the results it was found that the
individuals with diabetes  (median=21.1 U/L, IQR=12.7-
28.8 U/L) had significantly  higher (p=0.024) serum GGT
levels compared to individuals without diabetes

Figure 1(B). Distribution of serum GGT with RBS in
the control group.

Figure 1(A). Distribution of serum GGT with RBS in the
case group.

BMI Category Cases Controls

n (%) Median p value n (%) Median p value
Serum Serum
GGT (U/L), GGT (U/L),
IQR (U/L) IQR (U/L)

Under weight 4 (5.3) 10.9 0.03* 13 (18.1) 13.1 0.48
9.1-14.9 11.3-18.8

Normal weight 21 (28.0) 16.7 26 (36.1) 14.3
12.0-27.2 11.9-21.7

Overweight 25 (33.3) 24.1 14 (19.4) 15.6
14.6-32.0 12.6-21.0

Obese 25 (33.3) 19.6 19 (26.4) 14.8
12.6-26.9 12.9-24.3

*p≤0.05 considered as significant

Table 2.  Association of serum GGT with BMI categories

(median=14.4 U/L, IQR=12.3-20.1 U/L). Our  results are
consistent with several other reported studies [11-19].
Umeki et. al., (1989) recorded significantly elevated serum
GGT in subjects with DM while a study carried out by H.
Sakugawa et. al., (2004) stated that GGT elevation was
independently associated with DM [8,20].  It is believed
that contribution of GGT to maintain oxidative stress,
insulin resistance and hepatic inflam-mation which impairs
insulin signalling in the liver and other oragns determines
the possible association of serum GGT and DM  [2,8,21].

Although we included apparently healthy individuals in
the control group, 7 subjects had a lower serum GGT value
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and one subject had a higher value than the normal
reference range. Therefore, only 64 subjects had their
serum GGT levels within the normal reference range.
Among the cases 65 subjects had their serum GGT levels
within the normal reference range. However, 6 subjects
had a lower value and  4 subjects had a higher value than
the normal reference range. When analyzing the
distribution of serum GGT within the study population,
we found two exceptional cases among the case group
where they showed comparatively high serum GGT levels
(164.4 U/L, 190.5 U/L) which deviate from the pattern.
However,  we could not find a reasonable explanation for
their deviation. A proper clinical follow-up should be
carried out in these instances to find out the exact cause
for the abnormal elevation.

We obtained a significant positive but a weak correlation
between serum GGT and RBS in individuals with type 2
diabetes. In the literature, there is no evidence for
correlation between serum GGT and random blood glucose
level, but evidence is present for the association of serum
GGT with fasting blood glucose. Fraser et al., (2007)
reported that GGT was associated with fasting glucose in
women with diabetes and non-diabetes women, and the
association between GGT and fasting glucose was
stronger in women with diabetes than in women without
diabetes. Authors also stated that association of GGT with
glucose was similar among obese and non-obese non-
diabetes women [5]. In the univariate analysis conducted
by H. Sakugawa et al., (2004) serum GGT level correlated
with blood glucose level [8]. Several other studies also
also had a positive association with serum GGT and
fasting blood glucose level [2,8,17,19], thus strengthening
the present study findings.

We excluded subjects specially with any previously
diagnosed history of hepatobiliary diseases and NAFLD,
as increased levels of GGT could be observed in those
patients resulting falsely higher GGT levels other than
diabetes. However, NAFLD may present undiagnosed in
the general population which act as a limitation in the
present study. For controls we excluded subjects having
hyper-tension, dyslipidaemias, alcohol intake and DM as
those will cause increase GGT levels which might affect
the final results.

A reason for elevated GGT in individuals with diabetes in
our study could be due to insulin resistance which is a
major feature of type 2 diabetes. Due to insluin resistance,
there can be excess deposition of fat in liver as a result of
either increased production or mobilization of free fatty
acids or decreased hepatic clearance of free fatty acids
[22]. Other than diabetes mellitus, fatty change in liver can
result from obesity, alcohol, hepatitis and various drugs
[23]. Diabetes is a pathological condition where vascular
reactive oxygen species production is increased. As a result

of both increased fatty acids in liver and increased
production of vascular reactive oxygen species, oxidative
stress within hepatocytes is increased leading to
decreased extra cellular glutathione and hepatocellular
necrosis. Decreased glutathione along with cell turnover
and cellular stresses would cause GGT to be leaked into
serum resulting elevated serum GGT levels [2].

However, we did not conduct any investigation related to
fatty liver which remians as a major limitation of the study.
Although, the present study did not find significant
correlation between serum GGT level and BMI, some
studies have observed contrasting  findings to the present
study [3, 8, 11,17-19] .

Present study did not consider age and sex matched case-
control subjects, which could be the major reason for not
obtaining a correlation between serum GGT and BMI as
serum GGT level is known to be affected by both age and
sex. In the present study, both groups had a lower male
population and most of the subjects in the diabetes
population were  above 35 years of age (p<0.001).

Since average GGT values are significantly different for
males and females, the data were analyzed separately for
males and females. Age and the BMI were used as
covariates (to remove the effect of age and BMI
statistically) in comparing means of GGT for cases and
controls. For males, it is evident that there is no significant
difference (p=0.888) between means of GGT for cases and
controls even if the age and BMI were the same. For
females, it is evident that there is a significant difference
(p=0.043) between means of GGT for cases and controls if
the age and BMI were the same, at 5% level of significance.
Though average BMI values are different for cases and
controls, the average difference in GGT is not due to the
changes in BMI.  It is interesting that both age and BMI
are not significant in the model. Only the group (control/
case) is significant.

Another limitation was consideration of a single
measurement of serum GGT and RBS which limits the
precision of both values. Further, glycated haemoglobin,
which is a valuable laboratory diagnostic indicator to
monitor long term diabetes (over three months) could be
a better indicator over RBS measurement which  could be
considered as a limitation.

According to the statistical analysis, serum GGT was
significantly different across the categories of BMI in
individuals with type 2 diabetes (case group). The
overweight subjects had significantly higher serum GGT
levels compared to underweight individuals with diabetes.
However, in the present study we did not get a trend of
increasing serum GGT levels with BMI category. Similar
findings were reported in a study conducted in Norwegian
men, which showed progressively increased GGT across
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all classes of BMI from <20 kg/m2 to >35 kg/m2 [24].
However, the BMI cut off points used in this study deviate
from our Asian BMI cut off points.

Although, several several studies have reported the
association of serum GGT with blood glucose level and
BMI elsewhere, in the Sri Lankan context evidence is
limited to the best of our knowledge which remains as a
major strength of the present study. The authors recom-
mend to conduct a follow-up study to observe the
association between serum GGT and development of type
2 diabetes on a pre-diabetes population and further studies
can be conducted to evalaute the progression of NAFLD
and cirrohosis in individuals with type 2 diabetes.
Moreover, studies should be designed to evaluate the
association of higher GGT with cardiovascular risk in
individuals with type 2 diabetes.

Conclusion
Individuals with type 2 diabetes have significantly higher
serum GGT levels compared to appenrently healthy
individuals without diabetes. Higher RBS is associated
with higher GGT among individuals with diabetes. There
was a trend of increasing GGT with increasing BMI in
individuals with type 2 diabetes, but not in the obese
group. However, there was no such association between
GGT and RBS or BMI among individuals without diabetes.
If similar associations could be proved in a national cluster
in future studies, serum GGT could be served as a risk
marker estimate for diabetes mellitus.
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