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Background: Hypertension is a very important cause of morbidity and mortality. Serum 

gamma-glutamyl transpeptidase (GGT) is a biomarker of oxidative stress and associated with 

increased risk of hypertension and diabetes. The aim of this study was to evaluate the association 

of serum GGT level, which is an early marker of inflammation and endothelial dysfunction, 

with the deterioration of the diurnal rhythm of the blood pressure.

Methods: A total of 171 patients with hypertension were included in this study. Patients 

whose nighttime mean blood pressure, measured via ambulatory blood pressure monitoring, 

decreased between 10% and 20% compared with the daytime mean blood pressure were defined 

as “dippers”, whereas patients with a nighttime blood pressure decrease lower than 10% were 

defined as “non-dippers”.

Results: A total of 99 hypertensive patients (65 females/34 males) were classified as dippers and 

72 patients (48 females/24 males) as non-dippers. The mean age of the non-dipper group was 

significantly greater than the dipper group. Serum GGT, C-reactive protein and uric acid levels 

were significantly higher among patients in the non-dipper group. Negative correlations were 

detected between GGT levels and diurnal systolic and diastolic blood pressure decreases.

Conclusion: Our findings revealed that GGT level was higher in the non-dipper group, and 

was negatively correlated with the nighttime decrease of diurnal blood pressure. C-reactive 

protein and uric acid levels were also higher in the non-dipper group. However, future random-

ized controlled prospective studies with larger patient populations are necessary to confirm our 

findings.

Keywords: gamma-glutamyl transpeptidase, hypertension, ambulatory blood pressure 

monitoring, laboratory parameters

Introduction
Hypertension is a very important cause of morbidity and mortality because of the 

end-organ damages it is associated with.1 Blood pressure measurements obtained via 

ambulatory blood pressure monitoring (ABPM) are more accurate than those measured 

in the outpatient clinics in predicting end-organ damage and cardiovascular events.2,3 

Mean blood pressure values when sleeping through the night are 10%–20% lower than 

the activity period during the day. Patients whose blood pressures decrease 10% 

are defined as “non-dipper” hypertensives (no blood pressure drop at night), whereas 
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patients with a decrease 10% are classified as “dipper” 

hypertensives (blood pressure drop at night). End-organ 

damage is found to be more severe among non-dipper hyper-

tensives compared to dipper hypertensive patients, and it is 

recognized as a risk factor for increased mortality rate.2–4

Gamma-glutamyl transpeptidase (GGT) is located at 

the outer surface of the cells in various tissues such as liver, 

kidneys, and pancreas. Glutathione biosynthesis, which is the 

major thiol antioxidant, by way of the gamma-glutamyl cycle is 

important for maintaining glutathione homeostasis and normal 

redox status. GGT plays key roles in glutathione homeostasis 

by breaking down extracellular glutathione and providing 

cysteine, the rate-limiting substrate, for intracellular de novo 

synthesis of glutathione. GGT increases the amount of reac-

tive oxygen species in the presence of iron ions and facilitates 

glutathione-dependent low-density lipoprotein oxidation.5,6 

GGT activity predicts morbidity and mortality, independent 

from alcohol consumption and liver disease.7,8 There are several 

studies in the literature, which consistently show that serum 

GGT level is a biomarker of oxidative stress and is associated 

with increased risk of hypertension and diabetes.5,9

The aim of this study was to evaluate the association 

between serum GGT level, which is an early marker of 

inflammation and endothelial dysfunction, with the deteriora-

tion of the diurnal rhythm of the blood pressure.

Materials and methods
A total of 171 patients with hypertension who were followed 

up at the Nephrology and Hypertension Outpatient Clinic of 

Kayseri Training and Research Hospital between March 2012 

and August 2012 were included in this study. This study was 

approved by the Ethics Committee of Erciyes University 

Medical School, and written informed consent forms in 

accordance with the Declaration of Helsinki were obtained 

from all the patients who had volunteered to be included in 

the study. Age, height, weight, and telephone number of the 

patients were recorded from the medical files retrospectively, 

along with their current antihypertensive medications, smok-

ing habits, comorbidities, and serum biochemical markers. 

Body mass (Quetelet) index (BMI) was calculated by the 

equation of “BMI = weight/height2 (kg/m2)”.

ABPM measurements were performed by ambula-

tory measurement equipment (Delmar Reynolds Medical 

Pressurometer®, Irvine, CA, USA), and blood pressure was 

monitored every 30 minutes for 24 hours. Patients with a 

discrepancy 5 mmHg in blood pressure values measured 

with the ABPM device and conventional methods were 

excluded. Patients were trained in how to continue their 

daily life without using their arms where blood pressure was 

being measured. The 24-hour blood pressure measurement 

data were transferred to a software program. Venous blood 

samples obtained after at least 12 hours of nocturnal fasting 

were analyzed for biochemical and hormonal biomarkers with 

enzymatic, calorimetric, and immunoassay methods by Abbott 

Aeroset Auto-analyzer (Chicago, IL, USA) and Immulite-

1000 device (Los Angeles, CA, USA) in the Biochemistry 

Laboratory of the Kayseri Training and Research Hospital.

Patients whose nighttime mean blood pressure measured 

with ABPM decreased between 10% and 20% compared 

with the daytime mean blood pressure were defined as 

“dippers”, whereas patients with a nighttime blood pres-

sure decrease 10% were defined as “non-dippers”. In this 

study, cellular and biochemical markers of inflammation, 

biochemical parameters such as GGT, and mean daytime 

and nighttime blood pressure values were compared between 

dippers and non-dippers.

Statistical analysis
Data are expressed as mean ± standard deviation (SD) or 

noun (percentage). The normality and the homogeneity of the 

data were evaluated by Shapiro–Wilk test and Levene test, 

respectively. Comparisons between groups for continuous 

variables were performed using the Student’s t-test (normal 

distribution) or the Mann–Whitney U-test (non-normal 

distribution). Fisher’s test or χ2 test was used for all cat-

egorical data. Pearson’s correlation test was used to assess the 

association between GGT and daytime and nighttime blood 

pressure measurements and changes. The correlation was 

considered to be weak, moderate, strong, and very strong if the 

r values were 0.00–0.24, 0.25–0.49, 0.50–0.74, and 0.75–1, 

respectively. Logistic regression analysis was used to deter-

mine the relative risks of developing non-dipper hypertension. 

Only the variables with a statistically significant association 

in the simple logistic regression model were included in the 

multiple logistic regression model. Odds ratios and 95% con-

fidence intervals were determined. All calculations used the 

SPSS statistical package (version 15.0; SPSS Inc., Chicago, 

IL, USA). P0.05 was considered statistically significant.

Results
This study was performed on 171 patients with essential 

hypertension who were followed at the Nephrology and 

Hypertension Outpatient Clinic of Kayseri Training and 

Research Hospital. Of all the patients, 113 were females, 

and 58 were males. A total of 99 hypertensive patients 

(65 females/34 males) were classified as dippers and 72 patients 

(48 females/24 males) as non-dippers. The percentages of 

female patients in the dipper and non-dipper groups were 66% 
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and 67%, respectively. There was no statistically significant 

difference in terms of ratio of females to males between the 

dipper and non-dipper groups (P=0.89). The mean age of the 

non-dipper group was significantly greater than the dipper 

group (52.3±14.4 vs 43.8±13.7, P=0.0002). The mean BMI 

(28.5±5.1 vs 28.3±4.1, P=0.78) and ratio of smokers (32/99 

vs 22/72, P=0.8) were similar in both groups. The dipper and 

non-dipper groups were not significantly different in terms 

of the presence of diabetes mellitus, coronary artery disease, 

and chronic renal failure, which are related to the end-organ 

damage. Moreover, the number of antihypertensive medica-

tions was similar in both groups. The demographic charac-

teristics of the patients are presented in Table 1.

The biochemical parameters of the dipper and non-dipper 

groups were compared. Serum GGT levels (36.2±13.8 

vs 20.5±8.8 U/L, P=0.03) and C-reactive protein (CRP) 

values (7.2±7.1 vs 3.78±4.6 mg/L, P=0.02) were sig-

nificantly higher among patients in the non-dipper group. 

Similarly, uric acid levels were greater in the non-dipper 

group (6.3±1.6 vs 5.14±2.1 mg/dL, P=0.01). Other labo-

ratory parameters were similar between the two groups. 

The biochemical parameters of the patients are shown in 

Table 2. Furthermore, we divided patients into two groups 

according to mean blood pressure: group 1 (lower blood 

pressure group) consisted of patients whose mean blood 

pressures were 135/85 mmHg; group 2 (higher blood 

pressure group) consisted of patients whose mean blood 

pressures were higher than 135/85 mmHg (Table 3). Only 

creatinine value was significantly higher in the higher blood 

pressure group.

The mean decreases in the systolic blood pressure (diur-

nal variation) in the dipper and non-dipper groups were 

12.6±4.3 mmHg and 4.3±4.5 mmHg, respectively (P0.01). 

The mean decrease in diurnal diastolic blood pressure was 

15.1±4.2 mmHg and 5±4.8 mmHg in the dipper and non-

dipper groups, respectively (P0.01). The ABPM results of 

the groups are demonstrated in Table 4.

The correlation coefficients between the laboratory 

and ABPM findings are presented in Table 5. There were 

no significant correlations between GGT levels and night-

time systolic and diastolic blood pressures (P=0.200 and 

P=0.230). However, negative correlations were detected 

Table 1 Demographic and epidemiologic characteristics of the patients

Variable Dipper group (n=99) Non-dipper group (n=72) P-value

Sex (female/male), n (%) 65 (66)/34 (34) 48 (67)/24 (33) 0.890
Age (years), mean ± SD 43.8±13.7 52.3±14.4 0.0002
BMI (kg/m2), mean ± SD 28.5±5.1 28.3±4.1 0.780
Smoking, n (%) 32 (32) 22 (31) 0.800
Diabetes mellitus, n (%) 13 (13) 7 (10) 0.490
Coronary artery disease, n (%) 9 (9) 8 (11) 0.660
Chronic kidney failure, n (%) 4 (4) 2 (2) 0.800
Antihypertensive drug usage, n (%)

One drug only 16 (16) 6 (8) 0.130
Two drugs 64 (65) 48 (67) 0.780
Three or more drugs 19 (19) 18 (25) 0.360

Abbreviations: BMI, body mass index; SD, standard deviation.

Table 2 Comparison of the biochemical parameters of the patients

Blood biochemistry Dipper group (n=99) Non-dipper group (n=72) P-value

Mean ± SD Mean ± SD

GGT, U/L 20.5±8.8 36.2±13.8 0.030
Creatinine, mg/dL 0.74±0.22 0.8±0.3 0.220
ALT, U/L 24.7±18.9 22.4±12.8 0.370
Total cholesterol, mg/dL 196.1±50.7 197.1±53.4 0.900
LDL-cholesterol, mg/dL 112.6±36.4 116.6±36.4 0.540
HDL-cholesterol, mg/dL 51.9±13.1 50.6±15.3 0.610
Triglyceride, mg/dL 157.8±38.1 153.9±40.2 0.730
Albumin, g/dL 4.37±0.99 4.36±0.3 0.530
CRP, mg/L 3.78±4.6 7.2±7.1 0.020
Uric acid, mg/dL 5.14±2.1 6.3±1.6 0.010

Abbreviations: ALT, alanine aminotransferase; CRP, C-reactive protein; GGT, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
SD, standard deviation.
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between GGT levels and diurnal systolic and diastolic blood 

pressure decreases (r =−0.153, P=0.04 and r =−0.16, P=0.03, 

respectively). There were positive correlations between CRP 

levels and both nighttime systolic and diastolic blood pressures 

(r =0.15, P=0.04 and r =0.15, P=0.04, respectively). Negative 

correlations were found between diurnal systolic and diastolic 

blood pressure decreases and CRP levels (r =−0.18, P=0.02 

and P=0.01, respectively), as well as with uric acid levels 

(r =−0.23, P=0.001 and r =−0.21, P=0.001, respectively).

Logistic regression analysis was used to determine the 

relative risks of developing non-dipper hypertension. Only 

the variables with a statistically significant association in 

the simple logistic regression model were included in the 

multiple logistic regression model. In the multiple logistic 

regression analysis, there was no significant risk factor asso-

ciated with non-dipper hypertension (Table 6).

Discussion
Blood pressure measurement plays an important role in the 

diagnosis and management of hypertension. National Institute 

for Health and Care Excellence (UK) 2011 guidelines 

recommend ABPM to confirm the diagnosis of hypertension 

if clinical blood pressure is 140/90 mmHg.10 If the patient 

cannot tolerate ABPM, blood pressure measurements may be 

repeated at home to confirm the diagnosis of hypertension. 

Patients with daytime blood pressure values 135/85 mmHg 

according to ABPM or home blood pressure measurements 

are diagnosed as hypertensive.10 ABPM enables the assess-

ment of the changes in the circadian blood pressure pattern for 

24 hours during routine activities. Moreover, ABPM prevents 

the phenomenon of “white coat hypertension”, as it measures 

the blood pressure outside the health center. Furthermore, 

ABPM demonstrates the true prevalence of hypertension and 

evaluates the end-organ involvement in patients with hyper-

tension. The Canadian Hypertension Education Program 

2012 guidelines strongly recommend ABPM to confirm the 

clinical blood pressure measurements.11

Hill initially showed that nocturnal decrease in blood 

pressure is a characteristic property of diurnal blood pressure 

changes.12 Impairment in sleep quality, increased sympathetic 

system activity, and decreased parasympathetic system 

activity are responsible for the occurrence of non-dipper 

blood pressure phenomenon. Several studies demonstrated 

that non-dipper patients had increased morbidity and 

mortality. Moreover, non-dipper hypertension is considered 

a risk factor for the development of diabetes. Therefore, non-

dipper blood pressure may also be regarded as a risk factor 

for cardiovascular diseases and end-organ damage. These 

findings suggest that non-dipper patients must be closely 

monitored for the development of cardiovascular diseases 

and they must be treated aggressively. In a study performed 

by Galindo et al, it has been demonstrated that non-dipper 

prevalence is increased especially among patients older than 

65 years of age, and this finding was linked to impaired sleep 

Table 3 Comparison of the laboratory parameters according to mean blood pressure level

Blood biochemistry Lower blood pressure  
group (n=104)

Higher blood pressure  
group (n=67)

P-value

Median (range) Median (range)

GGT, U/L 67.5 (24–306) 65 (44–384) 0.429
Creatinine, mg/dL 0.7 (0.5–2) 0.8 (0.5–3) 0.015
ALT, U/L 18.5 (5–174) 22.5 (10–74) 0.270
Total cholesterol, mg/dL 195.5 (90–319) 196.5 (113–290) 0.562
LDL-cholesterol, mg/dL 115 (35–211) 120 (39–190) 0.430
HDL-cholesterol, mg/dL 47.5 (31–94) 46 (53–101) 0.269
Triglyceride, mg/dL 147 (80–436) 161 (42–526) 0.351
Albumin, g/dL 4.6 (1.1–5.2) 4.4 (0.5–4.9) 0.178
CRP, mg/L 3 (2–14) 3 (2–147) 0.086
Uric acid, mg/dL 5 (3–11) 6 (1–12) 0.140

Abbreviations: ALT, alanine aminotransferase; CRP, C-reactive protein; GGT, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 4 Comparison of ambulatory blood pressure monitoring 
results of the groups

Ambulatory blood 
pressure (mmHg)

Dipper group Non-dipper group P-value

Mean ± SD Mean ± SD

SBP, daytime 131.3±18.8 128.8±17.4 0.370
SBP, nighttime 116.1±15.3 125±19.5 0.001

SBP, mean 127.1±17.0 127.5±17.0 0.880

DBP, daytime 82.9±12.6 80.2±11.1 0.140

DBP, nighttime 70.8±10.7 76.9±13.3 0.001

DBP, mean 79.4±11.6 79.3±11.2 0.950

SBP, decrease 12.6±4.3 4.3±4.5 0.0001
DBP, decrease 15.1±4.2 5±4.8 0.0001

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; 
SD, standard deviation.
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quality and presence of comorbidities.13 Similarly, the preva-

lence of hypertension and end-organ damage risk increases 

with the increase in age.

GGT is a systolic enzyme, which is generally synthe-

sized in tissues such as liver, kidney, prostate and brain, 

and responsible  for the intracellular oxidation/reduction 

events, and plays a role in the glutathione cycle. In their 

eleven-year-long study, Wannamethee et al demonstrated 

that elevated GGT activities are associated with increased 

mortality.7 This association was considered to be linked to the 

increased cardiovascular deaths due to ischemic heart disease 

underlined by insulin resistance in patients with elevated 

GGT levels.7 In the population-based, multi-center CARDIA 

study aiming to determine the coronary artery disease risk 

in young adults, researchers found that elevated GGT levels 

were associated with the development of diabetes and hyper-

tension. The authors recorded that oxidative stress may play 

a role in the increased risk of diabetes and hypertension.14 It 

has been concluded that GGT is an early-acting and sensitive 

enzyme, which is associated with oxidative stress. In this 

study, we detected that association between serum GGT level 

and non-dipper/dipper blood pressure phenomenon, which is 

considered as a prognostic marker of cardiovascular health. 

Our patients whose mean blood pressures were 135/85 

mmHg did not have significantly higher GGT levels, but 

had significantly higher creatinine value. This situation can 

be related with the effects of uncontrolled hypertension to 

renal function.

In a prospective study performed by Verdecchia et al 

on 1,392 patients, the authors could not find any significant 

difference in total cholesterol levels between non-dipper and 

dipper hypertensive patients, but they detected that serum 

triglyceride levels were significantly higher in the non-dipper 

group.2 In the present study, however, we could not find any 

significant difference between the lipid profiles of the patients 

in the two groups. Moreover, we could not detect significant 

differences in the other laboratory findings of the patients, 

except GGT, CRP, and uric acid levels. Serum GGT, CRP, 

and uric acid levels were significantly higher in the non-

dipper group compared with the dipper group. These findings 

are in accordance with those of Ermis et al where the authors 

also found that GGT and CRP levels were significantly 

higher among the non-dipper hypertensive patients compared 

with the dipper hypertensive patients (P=0.02 and P=0.046, 

respectively).15 Although Ermis et  al’s study had smaller 

sample size of hypertensive patients than ours, 46 healthy 

subjects were additionally included in their study. Serum 

GGT and CRP levels were higher in the non-dipper and the 

dipper groups than in the control group (healthy subjects). All 

of these findings together with our results may explain that 

increased GGT and CRP levels may be one of the reasons 

behind the non-dipper hypertension-related cardiovascular 

complications.

Several studies have demonstrated that serum uric acid 

levels play an important prognostic role, especially in the 

progression of hypertension and coronary artery disease.16,17 

Yamamoto et al reported an association between hyperuricemia 

and hypertension, and suggested that the treatment of resistant 

hypertensive patients should be tailored considering their uric 

acid levels. The authors recorded that 1 mg/dL increase in the 

uric acid levels corresponded to 20 mg/dL change in choles-

terol level in terms of cardiovascular disease risk.17

Broad epidemiological studies have demonstrated that 

CRP level is an independent risk factor for the development 

of cardiovascular diseases. These observations suggested 

that inflammation may have a role in the pathogenesis of 

hypertension. The insufficient nighttime decrease in blood 

pressure may result in increased endothelial damage and 

vascular inflammation due to increased pressure exposure 

Table 5 The correlation analysis between the laboratory and ambulatory blood pressure monitoring findings

Variable SBP, nighttime DBP, nighttime SBP, diurnal  
decrease

DBP, diurnal 
decrease

r P-value r P-value r P-value r P-value

GGT, U/L 0.09 0.200 0.08 0.230 −0.153 0.040 −0.16 0.030
CRP, mg/L 0.125 0.040 0.15 0.040 −0.18 0.020 −0.17 0.010
Uric acid, mg/dL 0.15 0.100 0.09 0.200 −0.23 0.001 −0.21 0.001

Abbreviations: CRP, C-reactive protein; DBP, diastolic blood pressure; GGT, gamma-glutamyl transpeptidase; r, correlation coefficient; SBP, systolic blood pressure.

Table 6 Results of multiple logistic regression analysis for risk 
factors for non-dipper hypertension

Risk factors OR 95% CI P-value

Age 1.02 0.989–1.047 0.222
CRP 1.09 0.953–1.248 0.210
Uric acid 0.97 0.791–1.193 0.782
GGT 1.01 0.996–1.017 0.240

Abbreviations: CI, confidence interval; CRP, C-reactive protein; GGT, gamma-
glutamyl transpeptidase; OR, odds ratio.
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of the endothelium. This may cause elevated CRP and uric 

acid levels in the non-dipper group. In accordance with other 

studies in the literature, we found increased inflammatory 

markers in patients who showed non-dipper blood pressure 

pattern in ABPM.

ABPM cannot be applied to every hypertensive patient 

in daily clinical practice. Therefore, some parameters are 

required to identify non-dipper patients. GGT, CRP, and 

uric acid are parameters that have been frequently measured 

in daily clinical practice, and in our study their levels were 

found to be significantly higher in non-dipper patients. There-

fore, we think that these parameters may have prognostic 

significance in hypertensive patients, but in our multiple 

logistic regression analysis, there was no significant risk 

factor associated with non-dipper hypertension. Therefore, 

this issue requires further investigation.

Angiotensin II type I receptor blockers, angiotensin-

converting enzyme inhibitors, and calcium channel block-

ers are well-established antihypertensive drugs that are 

frequently used as first-line drugs for treating hypertension. 

Nishida et al evaluated and compared the effects of different 

antihypertensive drugs on laboratory parameters.18 There 

was no significant difference in GGT levels between dif-

ferent drug groups in this study. Similarly, we did not find 

any relationship between drugs and laboratory parameters. 

Antihypertensive drugs may make some changes in labora-

tory parameters, but multiple factors may be contributing to 

these changes.

A major limitation of our study is the smaller sample 

size compared to other studies. Further and larger clinical 

and experimental studies are required to understand the role 

of GGT on the diagnosis and evaluation of hypertension. 

Not having a control group may be another limitation of this 

study. Although there were no statistically significant dif-

ferences in the number of the antihypertensive medications 

between the two groups, these medications may affect the 

diurnal blood pressure profile and biochemical parameters. 

Therefore, these type of medications may have an impact on 

the statistical results of our study.

Conclusion
In this study, we evaluated the association between serum 

GGT level, which is accepted as a novel biochemical bio-

marker of oxidative stress, and blood pressure in hyperten-

sive patients who underwent ABPM. Our findings revealed 

that GGT level was higher in the non-dipper group and was 

negatively correlated with the diurnal nighttime blood pres-

sure decrease. CRP and uric acid levels, both of which are 

associated with oxidative stress and inflammation, were also 

higher in the non-dipper group. However, future randomized 

controlled prospective studies with larger patient populations 

are necessary to confirm our findings.
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