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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 al participants.

Results

The cases (median GGT=21.1 U/L, interquartile range (IQR)=12.7-28.8 U/L)
showed asignificantly 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 aweak,
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 UI/L,
IQR=14.6-32.0 U/L) than the rest of the BMI categories in cases, while
obese caseshave alow 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.
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Background

Serum gamma-glutamyltransferase (GGT) isawell-known
important index of liver dysfunction and also abiological
marker of alcoholicliver 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 therisk 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 isassociated with
several other factors such as gender, advanced age,
smoking, acohol consumption, hypertension, lack of
physical exercises, disorders of lipid metabolism and
glycaemic disorders.

Overweight and obesity is increasing alarmingly in the
developed and devel oping 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, changesin 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
studieson 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 glucoselevels
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
Sudy design

Thisisan unmatched case-control study. Participantswere
recruited by convenience sampling. Caseswereindividuas
with type 2 diabetes attending sel ected private laboratories
and the controls (individuals without diabetes) were
selected from the general population in a few selected
districtsin Sri Lanka.

Sudy 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
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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, dyslipidaemiaand subjects
consuming alcohol.

Sudy 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
Committeeof the University of Sri Jayewardenepura, Sri
Lanka

Samplesizecalculation

Sample size was cal culated 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 samplecollection

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 seria code given at the
time of enrollment. Sampleswere centrifuged at 3000 rpm
for 5 minutesfor serum separation, after keeping for 1 hour
for clot formationthey werestored at 4 °C prior toanaysis.
Further, serum sampleswere examined for hemolysis. Both
random blood glucose (RBS) and serum GGT were
measured by using a semi-automated clinical analyzer.

For al study participants body mass index (BMI) was
calculated as (weight/height?). The BMI cut off values of
23-24.9 kg/m? and >25 kg/m? was considered to classify
overweight and obesity respectively [10].

Satistical analysis

Analysis was done by SPSS version 25.0. General
characteristicswere 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
comparethe distribution of serum GGT acrossthe control
and case groups. Pearson’s correlation 2-tailed test was
performed with serum GGT and RBSlevelsand with serum
GGT and BMI. Thevalueof “r” wascalculated in control
(individual s without diabetes) and case (individuals with
type 2 diabetes) respectively.
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Results
Demographic characteristicsof thestudy population

The study was conducted using 147 individuals between
20-60 years of age. Out of 147 individuals 72 were
individual swithout 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
53.745.7 yearsand 33.8+14.3 years (p<0.001) respectively.
Inthe control group, majority werefemales (77.8%) while
malesrepresented 22.2 %. Therewere 66.7% femalesand
33.3% males (p=0.133) in case group. Most of the control
subjectswerein normal BMI category (36.1%) whereasin
case subjectsequal participantswerefound 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/m?) compared to control subjects (22.8+4.6 kg/m?)
(Tablel).

Distribution of serum GGT in thestudy population

Cases showed significantly increased (p=0.024) GGT level
(median GGT=21.1U/L, IQR=12.7-28.8 U/L) compared to
controls(median GGT=14.4 U/L, 1QR=12.3-20.1 U/L). The
majority of cases (86.7%) and controls (88.9 %) showed
serum GGT levelswithin normal reference range. However,
therewere 4 subjects (5.3 %) with elevated levelsof GGT
in casegroup whileonly 1.4 % control subjects presented
with elevated GGT levels. Therewasasignificant difference
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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 RBSin study population

According to the Pearson’s correl ation two tailed analysis,
cases showed awesak, positive, but statistically significant
correlation (r=0.38, p=0.001) between RBSand 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). Themedian serum
GGT valuesweresignificantly different (p=0.032) among
the categories of BMI (underweight, normal, overweight
and obese) in individuals with diabetes. However,
overweight group had ahigher GGT (24.1 U/L) than the
rest of the BMI categoriesin cases while obese cases had
alow 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) (meantSD) 53.745.7 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/m?) (mean+SD) 24.2+4.2 22.8+4.6 0.066

Median GGT (U/L) 211 14.4 0.024*

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

Table 2. Association of serum GGT with BMI categories

BMI Category Cases Controls
n (%) Median p value n (%) Median p value
Serum Serum
GGT (UIL), GGT (UIL),
IQR (UIL) IQR (UIL)
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

Discussion

The present study was conducted to investigate the
association of serum GGT withRBSand BMI inaselected
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
individualswith diabetes (median=21.1 U/L, IQR=12.7-
28.8U/L) had significantly higher (p=0.024) serum GGT
levels compared to individuals without diabetes
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(median=14.4 U/L, IQR=12.3-20.1 U/L). Our resultsare
consistent with several other reported studies [11-19].
Umeki et. al., (1989) recorded significantly elevated serum
GGT in subjectswith DM whileastudy carried out by H.
Sakugawa et. a., (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 whichimpairs
insulinsignalling intheliver and other oragns determines
the possible association of serum GGT and DM [2,8,21].

Although we included apparently healthy individuasin
the control group, 7 subjectshad alower 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 alower 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
wherethey showed comparatively high serum GGT levels
(164.4 U/L, 190.5 U/L) which deviate from the pattern.
However, we could not find areasonable 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 aweak correlation
between serum GGT and RBSin individuals with type 2
diabetes. In the literature, there is no evidence for
correlation between serum GGT and random blood glucose
level, but evidenceis present for the association of serum
GGT with fasting blood glucose. Fraser et al., (2007)
reported that GGT was associated with fasting glucosein
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. Authorsal so stated that association of GGT with
glucose was similar among obese and non-obese non-
diabeteswomen [5]. In the univariate analysis conducted
by H. Sakugawaet a., (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 glucoselevel [2,8,17,19], thus strengthening
the present study findings.

We excluded subjects specially with any previously
diagnosed history of hepatobiliary diseasesand 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
thefinal results.

A reasonfor elevated GGT inindividualswith diabetesin
our study could be due to insulin resistance which is a
major feature of type 2 diabetes. Dueto insluin resistance,
there can be excess deposition of fat in liver asaresult of
either increased production or mobilization of free fatty
acids or decreased hepatic clearance of free fatty acids
[22]. Other than diabetes mellitus, fatty changeinliver can
result from obesity, alcohol, hepatitis and various drugs
[23]. Diabetesisapathological condition where vascular
reactive oxygen speciesproductionisincreased. Asaresult
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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 hepatocel lular
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 remiansasamajor limitation of the study.
Although, the present study did not find significant
correlation between serum GGT level and BMI, some
studies have observed contrasting findingsto 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 isknown to be affected by both age and
sex. In the present study, both groups had alower 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 datawere 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 isevident that thereisno significant
difference (p=0.888) between meansof GGT for casesand
controls even if the age and BMI were the same. For
females, it is evident that thereisasignificant difference
(p=0.043) between meansof GGT for casesand controlsif
theageand BM| werethesame, at 5% level of significance.
Though average BMI values are different for cases and
controls, the average difference in GGT is not dueto the
changesin BMI. Itisinteresting that both age and BMI
are not significant in the model. Only the group (control/
case) issignificant.

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

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
levelscompared to underweight individual swith diabetes.
However, in the present study we did not get a trend of
increasing serum GGT levelswith BMI category. Similar
findingswere reported in astudy conducted in Norwegian
men, which showed progressively increased GGT across
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all classes of BMI from <20 kg/m? to >35 kg/m? [24].
However, theBMI cut off pointsused in thisstudy 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
associ ation between serum GGT and development of type
2 diabetes on a pre-diabetes popul ation 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

Individualswith type 2 diabetes have significantly higher
serum GGT levels compared to appenrently healthy
individuals without diabetes. Higher RBS is associated
with higher GGT among individua swith 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 individual swithout diabetes.
If similar associations could be proved in anational cluster
in future studies, serum GGT could be served as a risk
marker estimatefor diabetesmellitus.
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