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Introduction: 
Diabetes mellitus is the commonest 

endocrine disorder encountered in 

clinical practice, defined as a syndrome 

characterized by hyperglycemia with 

disturbance of carbohydrate; proteins; 

and fat metabolism due to an insulin 

resistance and an absolute or relative 

lack of insulin. Diabetes is classified 

into three categories, type 1, type 2 and 

gestational 
(1)

.  

Gestational diabetes mellitus (GDM) is 

any degree of glucose intolerance with 

first onset or recognition in pregnancy. 

Cause of GDM includes metabolic and 

hormonal changes. Patients with GDM 

frequently return to normal in  

 
postpartum. GDM has increased 

dramatically in recent decades and is 

now the most common complication of 

pregnancy. It can lead to adverse 

outcomes including larger-than-normal 

babies and subsequent delivery 

complications. Women with gestational 

diabetes are seven times more likely to 

develop type 2 diabetes later in life, and 

their children are at greater risk of 

becoming obese and developing 

diabetes themselves 
(2)

.  

Risk factors for GDM include; body 

mass index > 30 Kg/m
2
; gestational 

diabetes in previous pregnancy; age of 

pregnant woman lower than 25 years; 
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family history of diabetes; ethnicity 

belonging to a non- white ethnic group; 

previous delivery of a large baby; and 

previous stillbirth 
(3)

. 

Gamma-glutamyl transferase (GGT) 

(EC 2.3.2.2) is found in high level in the 

liver, kidney, pancreas, heart, and brain. 

GGT is a transferase (a type of enzyme) 

that catalyzes the transfer of gamma-

glutamyl functional groups, from 

molecules such as glutathione to an 

acceptor that may be an amino acid, a 

peptide or water forming glutamate 
(4)

. 

The most abundant natural substrate is 

glutathione. Glutathione is extracellular 

and cannot transport through the cell 

membrane. Glutathione can be broken 

down into three amino acids (glycine, 

cysteine and glutamate). GGT activity, 

normally found in the plasma membrane 

of virtually all cells except erythrocytes, 

catalyzes the first step in the degradation 

of extracellular glutathione (GSH), 

allowing the precursor amino acids to be 

assimilated and reutilized for 

intracellular GSH synthesis 
(5)

. 

The general reaction is: 

(5-L-glutamyl)-peptide + amino acid ↔ 

peptide + 5-L-glutamyl amino acid. 

Thus GGT activity favors the cellular 

supply of GSH, the most important non 

protein antioxidant of the cell. However, 

there is also clear evidence that the 

degradation of GSH can play a pro-

oxidant role
 (6)

. GGT is therefore thought 

to have a role in oxidative mechanisms 

and is regarded as an early and sensitive 

marker of oxidative stress (7). 

In many prospective studies, strong 

relationships between GGT and alanine 

transferase (ALT) concentrations and 

incident diabetes have also been 

observed in non-drinkers, in individuals 

with normal levels of liver enzymes, 

independently of classical 

cardiovascular risk factors
 (8)

.
 

Gamma glutamyl transferase (GGT) is a 

common marker of liver function and 

has also been associated with insulin 

resistance which can be a precursor to 

gestational diabetes and type 2 DM 
(9)

. 

However, a strong interaction between 

body mass index (BMI), and GGT has 

been described in diabetes
 (9)

. Several 

resembles have reported that increased 

GGT is independently associated with 

increased risk of type II diabetes in 

Asian and Caucasian
 (10)

. In recent years, 

elevated GGT measurements have 

proved to be effective early warning 

signs of other health risks such as 

atherosclerosis, stroke, type 2 diabetes, 

kidney disease and cancer. When GGT 

concentrations exceeded the lowest 

(25%) to (35%) of normal population 

ranges, disease risks grow in proportion 

to increases in GGT. Finally 

Mohammad, S. K
 
2013

 (11)
,
 
concluded 

that significant increased activity of 

GGT in smokers seems to support the 

harmful effects of cigarette smoking. 

Gestational diabetes mellitus is 

associated with the disorder in calcium 

homeostasis and reduced skeletal 

muscle oxidative phosphorylation 
(12)

. 

During pregnancy, requirement for 

calcium is increased; hence insufficient 

nutritional status might increase the risk 

of GDM. Calcium supplementation 

might affect metabolic profiles and 

oxidative stress through their effects on 

cell cycle regulation, activation of 

antioxidant enzymes and suppression of 

parathyroid hormone (PTH) 
(13)

. Asemi 

Z 2014 et al assessed the effect of 

calcium and vitamin D Co 

supplementation on GDM in a 

randomized, placebo-controlled study, 

and they observed calcium plus vitamin 

D supplementation in women with 

GDM had beneficial effects on their 

metabolic profile 
(14)

. 
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This study is thus aimed to evaluate the 

relationship between GGT at oral 

glucose tolerance and the diagnosis of 

GDM.  

Materials and Methods: 

Design of the Study 
The cross sectional study designed 

prospective study was carried out 

between June to November (2016) in the 

diabetic control in maternally teaching 

hospital of 100 pregnant women were 

included in the current study and they 

divided into two groups, Group I 

(GDM), and Group II (normal healthy 

pregnant women). Both groups 

informed about the nature and purpose 

of the study, and completed a 

questionnaire which was designed for 

the study, including age; BMI, duration 

of pregnant, blood pressure, heart rate, 

genetic disease and family disease. 

Collection of Blood Samples 
Five to six milliliters of blood samples 

were collected by venipuncture, then 

transferred into plastic tubes and 

centrifuged for 15min. at 3000 r.p.m. 

The clear serum samples were used for 

estimation of GGT, Random serum 

glucose (RSG), Total Calcium, and Uric 

Acid, each one by a special kit. 

Method: 
Estimation of Serum gama glutamyl 

transferase (GGT) 

Principle of the Method:- 

This GGT procedure is Szasz, Rosalki 

and Tarlow procedure 
(15)

. 

L-G-Glutamyl-P-Nitroanalide + Glycyl 

glycine               L-G-Glutamyl-Glycyl 

glycine + 

P-Nitroaniline 

The rate of formation of P-nitroaniline, is 

directly proportional to the GGT activity in 

the sample, and the absorbance was 

measured at 450nm. 

 

Statistical analysis: 
Data were analyzed with SPSS 

(statistical package for social science) 

(Version 22) for Windows 7.0 and 

Microsoft excels work sheet 2010. All 

descriptive data are expressed as mean ± 

standard error of the mean (SEM) for 

selected variable. Differences between 

GDM and control were assessed using 

independent sample t tests and analysis 

of variance (ANOVA-test) to compare 

among three or more means (varieties); 

Statistical significance was inferred at a 

two-tailed P value < 0.05. 

Ethical considerations:  
The study was approved by the research 

Ethical Committee of Hawler Medical 

University/ College of Medicine-Erbil. 

An informed and written consent was 

taken from each participant before 

collection of samples. 

Results: 

Demographics of the study groups  
Table (1) provides the number, (Mean ± 

SEM) of ages, body mass index (BMI), 

systolic blood pressure (SBP), diastolic 

blood pressure (DBP) and pulse rate 

(PR) in control group and GDM group. 

Ages and BMI in GDM group were 

significantly higher than that of control 

group, while there is no statistical 

difference of each of SBP, DBP and PR 

between two groups. 

Table (2) showed that serum GGT and 

calcium in GDM were significantly (P< 

0.002) higher than that of control group, 

and each of, serum RSG, and uric acid 

in GDM were significantly (P< 0.0001) 

higher than that of control group. 

The present study table (3) showed that 

there was a significant difference 

between GDM and control group in 

each of serum GGT, RSG, calcium, and 

uric acid. In this table GDM group 

subdivided into three subgroups (1- first 
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time gestational diabetic, 2- second time 

gestational diabetic and 3- type 2 DM), 

the Mean ± S.E. of GGT and RSG in 

subgroup 3 (type 2 DM) were 

significantly higher than that of 

subgroup 1 and 2, while there is no any 

significant differences of each of the 

calcium, and uric acid concentrations 

among subgroups (1, 2, and 3) of patient 

group. 

 
Table (1): Mean ±S.E. of age (year), BMI (Kg/M2), blood pressure (mm Hg), and pulse rate 

of study groups. 

parameter 
Control group 

Mean ±S.E. (N=50) 

GDM group 

Mean ±S.E. (N=50) 
t-test P-value 

Age (year) 27.8 ± 0.85 33.4± 0.74 4.96 0.002 

BMI (Kg/M
2
) 28.1 ± 0.48 32.37 ± 0.56 5.8 0.000 

Systolic pressure 10.4± 0.13 10.6± 0.14 0.46 NS 

Diastolic pressure 7.16± 0.13 7.3 ± 0.12 0.78 NS 

pulse rate 81.1± 0.9 82.7± 0.95 1.23 NS 
 

Table (2): Mean ±S.E. (mg/dl) of serum concentration of GGT, RSG, Calcium, and Uric acid 

of study groups (control and GDM groups). 

parameter 
Control group 

Mean ±S.E. (N=50) 

GDM group 

Mean ±S.E. (N=50) 
t-test P-value 

GGT 6.86± 0.59 11.68± 0.93 4.38 0.002 

RSG 91.44± 2.13 229.48± 10.23 13.2 0.000 

Calcium 8.4± 0.132 8.95± 0.055 3.1 0.002 

Uric acid 4.26± 0.239 7.32± 0.639 4.49 0.000 

Note/ Results expressed as Mean ±S.E. (P value <0.05) 
 

Table (3): Mean ±SEM (mg/dl) of serum concentration of GGT, RSG, Calcium, and Uric 

acid of study groups; Control group, and patient group (subgroups 1, 2, and3). 

 Contol (N= 50) 1st dx. (N= 16) 2nd dx.(N= 16) DM (N= 18) 

Variable Mean ± S.E. Mean ± S.E. Mean ± S.E. Mean ± S.E. 

GGT 6.86 ± 0.588
 a
 7.87 ± 0.946

ab
 10.31 ± 1.162

 b
 16.28 ± 1.746

c
 

RSG 91.44 ± 2.133
a
 211.0 ± 8.942

b
 227.06± 16.126

bc
 248.06 ± 23.076

 c
 

Ca 8.39 ± 0.132
 a
 9.10 ± 0.094

 b
 8.92 ± 0.129

 b
 8.86 ± 0.051

 b
 

Uric acid 4.26 ± 0.239
 a
 8.43 ± 1.499

 b
 7.02 ± 0.929

 b
 6.61 ± 0.852

 b
 

 

Discussion: 
Several biomarkers appear to be 

associated with the risk of gestational 

diabetes, such as GGT, Ca, and uric 

acid. In the present study, there was a 

significant increase in the mean serum 

GGT activity in GDM compared to the 

control subjects (P<0.002) table (2). The 

(mean ± S.E.) level of serum GGT 

activity of the control group, and all the 

subgroups of GDM especially subgroup 

two (second time of GDM), and  

 

subgroup 3 were significantly higher 

than that of control group (p< 0.002) 

table (3). Such results are in agreement 

with those obtained by Noriyuki N. et al
 

2004 
(16)

, Serpil E, et al 2012
 (17)

 and 

Gholamreza Y. et al 2012 
(18)

. All of 

them reported the measuring GGT can 

be a sensitive method for early diagnosis 

and impaired glucose tolerance (IGT), 

metabolic syndrome (MS), and non 

diabetic first degree relatives (FDR) of 
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type 2 DM from normal condition. 

Because this diagnostic test is a low-cost, 

highly sensitive, accurate and frequently 

used laboratory test, the measurement is 

recommended as a useful marker of each 

of the IGT, MS, and FDR. Ibrahim, A et 

al 2012 (19) concluded that the increase at 

GGT level is an independent risk factor 

for GDM and identified as high-risk 

women for diagnosis of GDM. 

Gestational diabetes probably represents a 

less severe degree of hyperglycaemic 

tendency compared to Type 2 diabetes as 

evident from a 2-hour plasma glucose 

threshold of 140mg/dl for GDM 

compared to 199mg/dl threshold 

(typically with symptoms) for Type 2 

diabetes as set by WHO. This study were 

done provide evidence that women who 

develop gestational diabetes have 

metabolic abnormalities even before 

pregnancy. It would appear that a higher 

GGT value is associated with a milder 

hyperglycaemic tendency in pregnancy in 

the same manner as it is associated with 

the development of Type 2 diabetes over 

the longer term (20). In a study by Serpil E 

et al 2014 (21), the GDM group had 

significantly higher mean GGT and ALT 

activities than the healthy controls. 

Similar results have been reported in 

patients with DM. The authors Rantala et 

al 2000 (22) considered two mechanisms 

for the association between insulin 

resistance and GGT activity; first that 

insulin resistance is associated with fatty 

liver and this increases GGT, and second, 

that disturbed glucose metabolism might 

affect GGT more directly. 

In the present study, there was a 

significant increase in the mean serum 

total calcium concentration in GDM 

compared to the control subjects, table 

(2) show the (mean ± SD) level of serum 

calcium of the control group (p<0.000), 

and all the subgroups of GDM especially 

subgroup one (first time of GDM) was 

significantly higher than that of control 

group table (3). Such results are in 

agreement with those obtained by 

Yamaguchi et al 2011 (23) reported 

significant positive correlation of serum 

Ca level with impaired glucose 

metabolism, but other results are 

incompatible with our results. Gregorio et 

al 1994 (24) shown that diabetic patients 

had diminished serum Ca due to poorly 

controlled diabetes loss of Ca through 

real leaking. This is due to glucosuric- 

induced osmotic dieresis and is 

maintained by parathyroid activation. 

Safary K et al 2016 (25), concluded that 

low urine calcium creatinine ratio and not 

using the calcium supplement in early 

pregnancy are related with GDM. 

Muscle is one of the major sites 

responsible for insulin resistance. 

Calcium plays a critical role in muscle 

contractions and in glucose uptake after 

insulin binds muscle cells, also calcium 

influence the affinity of insulin receptor 

and sensitivity to insulin, whereas calcium 

and glucagon affect the liver plasma 

membrane [Ca2+] pump, which is thought 

to extrude cytosolic calcium of the cell 

(26). 

The relatively accepted explanation is that 

uric acid is a substance that its production 

increased by the organism to counteract 

the increased oxidative stress associated 

with diabetes mellitus thus, the increase 

of uric acid level in diabetes mellitus 

representing only a defense mechanism 

(27). The effect of gender on uric acid level 

is well explained by the hormonal 

differences between males and females, 

since the estrogen have an impact on 

reducing the uric acid level in the blood. 

The association between BMI and uric 

acid may be explained by the fact that 

obesity affects urate metabolism, by 

decreasing urate clearance and increasing 

urate production (28). 

Uric acid has been suggested to play a 

role in the pathophysiology of early onset 

hypertension, but the levels may tend to 
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dampen with age where stiffening of the 

aorta, activation of the renin-angiostensin 

system and renal vasoconstriction have a 

role to play (29). 

Chronic inflammation and endothelial 

dysfunction, as observed in patients with 

hyperuricemia, are likely to have 

participation in the mechanisms through 

which this substance may affect renal 

structure and operation leading to the 

genesis of hypertension (30).  

Finally Robert W. Powers et al 2006 (31) 

obtained that among women with 

hyperuricemia at delivery, elevations in 

uric acid occur early. Multiple 

mechanisms may contribute to increased 

uric acid including changes in renal 

function. 

Conclusion: 
1- High levels of serum GGT in 

GDM is caused by oxidative stress 

and obesity because GGT act as 

antioxidant and always increase in 

obese individuals. 

2- Serum GGT, RSG, calcium, and 

uric acid levels of GDM in patient 

group were higher than that of 

control group. 

3- Serum GGT and RSG in subgroup 

3 (type 2 DM), were higher than 

that of subgroup 1, and2 (GDM), 

while there were no any significant 

differences of each of the calcium, 

and uric acid, concentrations 

among subgroups. 

References: 
[1]. Allan, Gow, Michael,J,; Murphy, Rajew 

Shrivastava,; Robert A. Cowman,; and Denis 

ST J O'Reilly. Clinical biochemistry. 5th 

edition. English Churchill living stone. 2013. 

[2]. Michael L. Bisher; Larry E. Echoeff; and 

Edward P. Fody. Clinical chemistry, 

principles, techniques and correlations. 7th 

edition. Lipincott willicuns and wilkim. 2013. 

Pp 282. 

[3]. D. Kieth Edmonds. Obstetrics and 

gynecology.7th edition. 2007. Oxford. 

[4]. Whitfield JB. Gamma glutamyl 

transferase (GGT). Crit Rev Clin Lab Sci. 

2001. 38:263-355. 

[5]. Durfour, D. R,; Lott, J. A.; Nolte, F. S.; 

Gtretch, D. R,; Koff, R. S.; and Seeff, L, B. 

Diagnosis and monitoring of hepatic injury. 

Performance characteristics of laboratory 

tests. Clinical chemistry. 2000. Vol.46.No.12, 

pp 2027-2049. 

[6]. Edmin, M.; Passino, C.; Michelassi, C.; 

Titta, F.; L'Abbate, A.; and Donato, L et al. 

prognostic value of serum Gamma glutamyl 

transferase activity after myocardial 

infarction. Europian heart journal. 

2001.22:1802-1807. 

[7]. Sharma R,; Sharma S,; and Kaushik G. 

Gamma glutamyl transferase (GGT)- a novel 

marker of endothelial dysfunction? JIACM. 

2010. 11 (1): 26-30. 

[8]. Hanley, AJ,; Williams K,; Festa A,; 

Wagenknecht LE,; Dagosteno RB,; Kempf J 

et al. Elevations in markers of liver injury 

and risk of type-2 diabetes; the insulin 

resistance atherosclerosis study.  

[9]. Nakanishi, N.; Nakamura, K.; Suzaki, K, 

and Tatara, K. Lifestyle and serum 

gammaglutamyl transferase; a study of 

middle-aged Japanese men. Occup. Med. 

2000.50(2), 115-1`20. 

[10]. Wannamethee SG,; Lennon L,; Shaper 

AG,; and Whincup PH. Hepatic enzymes, the 

metabolic syndrome, and the risk of type-2 

diabetes in older men. Diabetes Care. 

2005.28:2913-2918. 

[11]. Mohammad, S. K. The influence of 

tobacco smoking on the enzyme activity of 

serum gamma glutamyl transferase (GGT). 

Zanco J. Med. Sci. 2013. Vol.17, No (3). pp 

490-494. 

[12]. Boyle KE, Hwang H, Janssen RC, 

DeVente JM, Barbour LA, et al. Gestational 

Diabetes Is Characterized by Reduced 

Mitochondrial Protein Expression and 

Altered Calcium Signalling Proteins in 

Skeletal Muscle. 2014. PLoS One 9: 

e106872. 

[13]. Zemel MB Regulation of adiposity and 

obesity risk by dietary calcium: mechanisms 

and 



 

151 
  

Journal of Kirkuk Medical College 

 
Vol. 7, No. 1, 2019 
 

 implications. J Am Coll Nutr. 2002. 21: 

146S-151S. 

[14]. Z Asemi, M Karamali, A Esmaillzadeh. 

Effects of calcium-vitamin D co-

supplementation on glycaemic control, 

inflammation and oxidative stress in 

gestational diabetes: a randomized placebo-

controlled trial. Diabetologia. 2014. 57: 1798-

1806. 

[15]. Szasz G,; Gruber W,; and Bernt, E 

Reactions-rate method for gamma glutamyl 

transferase (GGT) activity in serum. Clinical 

chemistry. 1992. 22:650-656. 

[16]. Noriyuki N.; Kenji S,; and Kozo T. 

Serum Gamma Glutamyltransferase and Risk 

of Metabolic Syndrome and Type 2 Diabetes 

in Middle-Aged Japanese Men. Diabetes 

Care. 2004. 27:1427–32. 

[17]. Serpil, E,; Ozhan, O,; Halef, O. D,; 

Sevilay, S,; Cemal, R. A,; Fatma, M. Y,; et al. 

Liver enzymes, mean platelet volume, and 

red cell distribution width in gestational 

diabetes. Turkish Journal of Medical 

Sciences. 2014. 44: 121-125. 

[18]. Gholamreza, Y; Mostafa, S; 

Mahboobeh, Y; and Hamid, N. Role of 

gamma-glutamyl  

transferase (GGT) in diagnosis of impaired 

glucose tolerance and metabolic syndrome:  

A prospective cohort research from the 

Kerman Coronary Artery Disease Risk Study 

(KERCADRS). Diabetes &Metabolic 

Syndrome: Clinical Research & 

Reviews.2012.6.190-4. 

[19]. Ibrahim, A,; Hakan, C,; Mutlu, E,; 

Ugur, K,; Emre, K,; Mustafa, O,; et al. Can 

serum gamma-glutamyltransferase levels be 

useful at diagnosing gestational diabetes 

mellitus? Journal  gynecological 

endocrinology. 2012. Vol.28. Issue 3. Pp 208-

212. 

[20]. Peng C. Tan,; Sarah, M,; and Siti Z. 

Omar. Gamma-glutamyltransferase level in 

pregnancy is an independent risk factor for 

gestational diabetes mellitus. J. Obstet. 

Gynaecol. Res. August 2008. Vol. 34, No. 4: 

512–517. 

[21]. Serpil, E,; Ozhan, O,; Halef, O. D,; 

Sevilay, S,; Cemal, R. A,; Fatma, M. Y. et al. 

Liver enzymes, mean platelet volume, and 

red cell distribution width in gestational 

diabetes. Turk J  

Med Sci. 2014. 44: 121-125 © TـBİTAK 

doi:10.3906/sag-1301-41. 

[22]. Rantala AO,; Lilja M,; Kauma H, et al. 

Gamma-glutamyl transpeptidase and the 

metabolic syndrome. J Intern Med 2000; 248: 

230–8. 

[23]. Yamaguchi, T,; Kanazawa, I,; Shint. 

Metabolism, clinical and experimental. 2011. 

Vol. 60, 9, pp. 1334- 1339. 

[24]. Gregorio, F,; Cristallini, S,; 

Santeusanio, F,; Filipponis P,; Funelli, 

POsteopenia.  

Associated with non-insulin dependent 

diabetes mellitus; what are the causes? 

Diabetes Res Clin Pract. 1994. (23) 43-54. 

[25]. Kalsoom, S,; Hamdia M. Ahmed,; and 

Lida, M. Banaem. Maternal calcium status in 

first half of pregnancy and gestational 

diabetes mellitus. Int. j. Women's Health 

Wellness.2016.Vol.2. Issue 1. 

[26]. Pereira MA, Jacobs DR Jr, Van Horn L, 

Slattery ML, Kartashov AI, et al. Dairy 

consumption, obesity, and the insulin 

resistance syndrome in young adults: the 

CARDIA Study. 2002. JAMA 287: 2081-

2089. 

[27]. Sérgio Lamego Rodrigues, et al. Gender 

distribution of serum uric acid and 

cardiovascular risk factors: population based 

study, Arq. Bras. Cardiol. 2012. Vol.98 no.1. 

[28]. Omar K. Alboqai, et al. Obesity and 

Serum Uric Acid, Bahrain Medical Bulletin. 

2007. Vol. 29, No. 3. 

[29]. Teng F,; Zhu R,; Zou C,; Xue Y,; Yang 

M, et al. Interaction between serum uric acid 

and  triglycerides in relation to blood 

pressure. J Human Hypertens. 2011. 25: 686-

691. 

[30]. Zoccali C, Maio R, Mallamaci F, Sesti 

G, Perticone F. Uric acid and endothelial  

dysfunction in essential hypertension. J Am 

Soc Nephrol. 2006. 17(5):1466-71. 

[31]. Robert W. Powers., Lisa M. Bodner., 

Roberta B. Ness., Kathery M. Cooper., 

Marcia J. Gallaher., Michael P. Frank et al. 

Uric acid concentrations in early pregnancy 

among preeclamptic women with gestational 

hyperuricemia at delivery. American journal 

of obstetrics and gynecology. January 2006. 

Vol. 194.issue 1 pp.160-161. 


