
amma-glutamyltransferase (GGT) is a commonly
used diagnostic test of alcoholic liver disease and
has been regarded as a marker of alcohol con-

sumption,1 but recently, it has been suggested than GGT is
independently associated with cardiovascular mortality and
atherosclerosis.2–4 One report stated that GGT activity had
been detected in atheromatous plaques of carotid and coro-
nary arteries.5 However, the mechanism by which GGT is
associated with cardiovascular disease and atherosclerosis
has been not fully elucidated.

Increasing arterial stiffness is one of the pathological states
of vascular damage, and is closely associated with athero-
sclerotic cardiovascular disease.6 Recent studies have shown
that the brachial – ankle pulse wave velocity (baPWV),
which can be measured fairly reproducibly by an automated
device,7 correlates well with arterial stiffness determined by
an invasive method.8 Although age and blood pressure (BP)
are the major determinants of baPWV, the presence of other
risk factors, including diabetes mellitus (DM), dyslipidemia,
smoking, high C-reactive protein (CRP), and low creatinine
clearance, is also associated with increased pulse wave
velocity (PWV).9,10
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The purpose of the present study was to evaluate whether
GGT could be an additional marker of arterial stiffness,
independent of other risk factors in screening cohorts. We
used baPWV as the surrogate of arterial stiffness.

Methods
Subjects

A total of 10,498 individuals aged more than 18 years old
participated in a 1-day health-screening program. Of these,
1,451 individuals (785 men, 666 women) underwent volun-
tary baPWV measurement. The hospital has a registered
check-up of baPWV as an optional part of arteriosclerosis
screening. No patients had a past history of peripheral arte-
rial disease, aortic disease, or severe renal dysfunction. Sub-
jects whose ankle-brachial index was more than 1.3 and less
than 0.95 were excluded to ensure the accuracy of baPWV
measurement. In the final analyses, 1,387 individuals (741
men, 646 women) were enrolled. All medical and social
histories and symptoms of each individual were confirmed
by the consulting doctor. The study was approved by the
Ethical Committee of Pusan National University Hospital.

Laboratory Data and Measurement of baPWV
Serum levels of GGT, creatinine, uric acid, CRP, lipid

profile (total cholesterol, low- and high-density lipoprotein
(LDL and HDL)-cholesterols, triglycerides), fasting
glucose and insulin, and the hepatitis profile (HBs Ag, anti-
HCV) were checked. The GGT level in males [32 (20–53)
IU/L] was found to be higher than in females [15 (11–21)
IU/L]. Thus, sex-specific quartiles of serum GGT were used
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Background It has been recently suggested thatγ-glutamyltransferase (GGT) is independently associated with
cardiovascular mortality and atherosclerosis, so the present study evaluated whether GGT is an additional marker
of arterial stiffness, independent of other risk factors, in screening cohorts.
Methods and Results The 1,387 individuals (741 men, 646 women) who underwent brachial–ankle pulse
wave velocity (baPWV) measurement had their serum levels of GGT, creatinine, uric acid, C-reactive protein,
lipids, fasting glucose and insulin, and their hepatitis profiles checked. There were statistically significant incre-
ments of baPWV according to quartile of GGT, which was statistically significant in women, but not in men. In
logistic regression analysis, age, diabetes mellitus, GGT, heart rate, history of hypertension, triglyceride, and
systolic blood pressure were significant variables that influenced increased pulse wave velocity (PWV). After
age- and blood pressure-adjustment, GGT, homeostatic model assessment-insulin resistance, heart rate, history
of hypertension, and metabolic syndrome were significant variables in men, and in women metabolic syndrome
and history of hypertension were significant contributors to increased PWV.
Conclusion The present study results suggest that serum GGT may be an additional marker of arterial stiffness,
especially in men, though the relationship with arterial stiffness was very weak. Further studies are needed to
elucidate the mechanism of GGT’s contribution to arteriosclerosis and to confirm the current results. (Circ J
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for the analyses. Homeostatic model assessment-insulin
resistance (HOMAIR) was calculated using serum levels of
fasting glucose and insulin.11 Glomerular filtration rate was
calculated by the Abbreviated Modification of Diet in
Renal Disease equation.12 Diagnosis of metabolic syndrome
(MS) was made according to the criteria of the National
Cholesterol Education Program Adult Treatment Panel III
and Asia-Pacific criteria with abdominal waist circumfer-
ence (≥90cm in males, ≥80cm in females).13,14 Proteinuria
was defined as more than 1+ in spot urine sample.

The baPWV was measured using an automatic waveform
analyzer (VP-2000, Colin Co, Komaki, Japan). All individ-
uals were examined after resting in the supine position for at
least 5min. We used the mean baPWV as a marker of arte-

rial stiffness. All baPWV values were adjusted by age and
systolic BP, because age and systolic BP are regarded as
the most important determinants of PWV. Finally, the un-
adjusted baPWV and adjusted baPWV were used together
and we performed sex-specific analysis to determine the
factors for increasing baPWV using the adjusted baPWV.
High PWV was designated as the cut-off value, which was
between the 3rd quartile and 4th quartiles of the unadjusted
and adjusted baPWV individually because an absolute cut-
off value of normal baPWV is not available.

Statistical Analysis
All continuous variables are expressed as median (inter-

quartile range) and proportions are expressed as number (%).

Table 1 Baseline Characteristics of the Male Subjects According to GGT (IU/L)

Q1 Q2 Q3 Q4 p value

n 192 191 175 183
Age (years) 52 (45–60)‡ 52 (46–57)II 51 (45–59)¶ 48 (43–54) <0.05
Diabetes mellitus 14 (7.3%) 8 (4.2%)§ 24 (13.7%)¶ 12 (6.6%) <0.05
Hypertension 31 (16.1%) 35 (18.3%) 40 (22.9%) 26 (14.2%) NS
Smoking
    Non-smoking 75 (39.1%)†,‡ 80 (41.9%)§,II 46 (26.3%) 50 (27.3%) <0.05
    Smoking 72 (37.5%)*,‡ 50 (26.2) 50 (28.6%) 40 (21.9%) <0.05
    Ex-smoking 45 (23.4%)†,‡ 61 (31.9)§ 79 (45.1%) 93 (50.8%) <0.05
Alcohol
    ≥40 g/day 37 (19.3%)†,‡ 42 (22%)§,II 83 (47.4%) 95 (51.9%) <0.05
    0.1–39.9 g/day 74 (38.5%) 84 (44%)§ 53 (30.3%) 70 (38.3%) <0.05
    0 g/day 81 (42.2%)†,‡ 65 (34%)§,II 39 (22.3%)¶ 18 (9.8%) <0.05
Hepatitis B 13 (6.8%) 11 (2.6%)II 8 (4.6%) 17 (9.3%) <0.05
Hepatitis C 5 (2.6%) 5 (2.6%) 3 (1.7%) 6 (3.3%) NS

GGT, γ-glutamyltransferase; Q1, 1st quartile ; Q2, 2nd quartile ; Q3, 3rd quartile ; Q4, 4th quartile.
There were statistically significant results between following groups: *Q1 vs Q2; †Q1 vs Q3; ‡Q1 vs Q4; §Q2 vs Q3; IIQ2 vs Q4; ¶Q3 
vs Q4.

Table 2 Laboratory Data for the Male Subjects According to GGT (IU/L)

Q1 Q2 Q3 Q4 p value

Systolic BP (mmHg) 120 (109–132)†,‡ 124 (114–135)II 126 (116–138) 131 (118–143) <0.01  
 Diastolic BP (mmHg) 75 (68–83)†,‡ 77 (71–85)II 79 (73–85) 82 (75–89) <0.01  

Pulse pressure (mmHg) 45 (39.3–51)†,‡ 46 (42–53) 48 (43–54) 49 (42–53) <0.01  
MAP (mmHg) 89.7 (82.3–99.6)†,‡ 93.7 (85.7–100.7)II 95.0 (87.0–102.3) 98.7 (90.7–106.7) <0.01  
Heart rate (beats/min) 68 (61–73) 67 (60–72) 69 (63–76) 69 (64–75) NS
Proteinuria (%) 10 (5.2%) 7 (3.7%) 11 (6.3%) 17 (9.3%) NS
Hemoglobin (g/dl) 14.8 (14.1–15.4)†,‡ 15.0 (14.3–15.6)II 15.3 (14.6–16.1) 15.5 (14.7–16.2) <0.05  
GGT (IU/L) 16 (13–18)*,†,‡ 25 (23–28)§,II 41 (37–45)¶ 81 (64–116) <0.001
Uric acid (mg/dl) 5.8 (5.1–6.7)†,‡ 6.2 (5.4–6.9) 6.2 (5.6–7.0) 6.4 (5.6–7.3) <0.05  
Creatinine (mg/dl) 0.9 (0.9–1.0) 1.0 (0.9–1.0) 1.0 (0.9–1.0) 0.9 (0.9–1.0) NS
GFR (ml ·min–1·1.73–2) 91.5 (82.4–101.4) 90.0 (81.6–97.0) 88.4 (82.5–97.9) 92.4 (84.4–98.4) NS
Lipid profile
    Total cholesterol (mg/dl) 192 (172–212)†,‡ 199 (180–219) 203 (181–229) 208 (182–236) <0.01  
    LDL-C (mg/dl) 121 (99–138) 127 (106–145) 126 (100–143) 120 (99–145) NS
    HDL-C (mg/dl) 52 (43–60)† 49 (43–57) 47 (42–54) 50 (43–58) <0.05  
    Triglyceride (mg/dl) 94.0 (69.3–131.0)†,‡ 106 (79–143)§,II 137 (99–191)¶ 148 (105–215) <0.001
    Non-HDL-C (mg/dl) 141 (119–159)†,‡ 147 (129–169) 154 (133–180) 156 (129–184) <0.001
Glucose metabolism
    Glucose (mg/dl) 88 (82–94)†,‡ 89 (84–97)II 90 (84–100) 95 (86–106) <0.05  
    Insulin (μIU/ml) 3.70 (2.18–6.04)*,†,‡ 4.90 (3.09–7.04)II 5.53 (3.45–8.00) 6.58 (3.93–9.07) <0.05  
    HOMAIR 0.84 (0.49–1.36)*,†,‡ 1.11 (0.65–1.56)II 1.32 (0.78–1.86) 1.58 (0.95–2.09) <0.05  
Metabolic syndrome 16 (8.3%)†,‡ 18 (9.4%)§,II 29 (16.6%)¶ 52 (28.4%) <0.05  
Waist (cm) 83 (78–88)*,†,‡ 87 (83–90)II 88 (84–92.8) 90 (84–94.7) <0.05  
Body mass index 23.1 (21.4–25.0)*,†,‡ 24.5 (22.8–26.1) 24.8 (23.4–26.4) 25.1 (23.5–27.1) <0.001
C-reactive protein (mg/L) 0.5 (0.3–1.1)*,†,‡ 0.7 (0.4–1.6) 1.0 (0.6–1.7) 0.9 (0.5–1.5) <0.01  

BP, blood pressure; MAP, mean arterial pressure; GFR, glomerular filtration rate; LDL-C, low-density lipoprotein-cholesterol; 
HDL-C, high-density lipoprotein-cholesterol; HOMAIR, homeostatic model assessment-insulin resistance. Other abbreviations see 
in Table1.
There were statistically significant results between following groups: *Q1 vs Q2; †Q1 vs Q3; ‡Q1 vs Q4; §Q2 vs Q3; IIQ2 vs Q4; ¶Q3 
vs Q4.
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Comparison of GGT quartiles was performed using the
Kruskal-Wallis test with post test (Dunn’s comparison of all
pairs of quartiles) and chi-square test as appropriate. Stepwise
logistic regression analysis was used for analysis of variables
that had an influence on serum GGT. The comparison be-
tween high and low baPWV was performed using the Mann-
Whitney U test. Adjustments by age and systolic BP were
performed using constant values of the results of simple line-
ar regression analysis. Stepwise logistic regression analyses
were performed to show independent contributions to baPWV
using computer software, MedCalc® (version 8,1,0,0). A
value of p<0.05 was taken to be statistically significant.

Results
Baseline Characteristics

Median serum GGT level was 21 (14–38) IU/L. Because

there was statistically different between males and females,
sex-specific analyses were done. Tables1 and 3 show the
baseline characteristics in 741 men. and 646 women, respec-
tively. In men, smoking and amount of alcohol consump-
tion, age, and proportion of cases of DM were different in
each quartile group. In women, age and proportion of those
with hypertension were different in each quartile group.

Laboratory Results for the Quartiles of GGT and 
the Association Between GGT and baPWV

Tables 2 and 4 show the laboratory results for both sexes.
From the view point of baPWV, there was no statistical
difference according to the quartiles of GGT, though an
increasing trend of baPWV was noted in men. However, in
women, the baPWV of the 3rd quartile of GGT was higher
than that of the 1st quartile, and the baPWV of the 4th quartile
of GGT was higher than that of the 1st quartile (Table5).

Table 3 Baseline Characteristics of the Female Subjects According to GGT (IU/L)

Q1 Q2 Q3 Q4 p value

n 170 161 158 157
Age (years) 48 (43–55)†,‡ 51 (45–57)II 53 (46–59) 54 (49–59) <0.01
Diabetes mellitus 6 (3.5%) 9 (5.6%) 7 (4.4%) 15 (9.6%) NS
Hypertension 21 (12.4%) 24 (14.9%)§,II 36 (22.8%) 35 (22.3%) <0.01
Smoking
    Non-smoking 161 (94.7%) 155 (96.3%) 149 (94.3%) 148 (94.3%) NS
    Smoking 2 (1.2%) 1 (0.6%) 3 (1.9%) 5 (3.2%) NS
    Ex-smoking 7 (4.1%) 5 (3.1%) 6 (3.8%) 4 (2.5%) NS
Alcohol
    ≥40 g/day 6 (3.5%) 4 (2.5%) 3 (1.9%) 9 (5.7%) NS
    0.1–39.9 g/day 23 (14.1%) 16 (9.9%) 27 (17.1%) 26 (16.6%) NS
    0 g/day 140 (82.4%) 141 (87.6%) 126 (79.7%) 122 (77.7%) NS
Hepatitis B 5 (2.9%) 7 (4.3%) 10 (6.3) 5 (3.2%) NS
Hepatitis C 5 (2.9%)‡ 5 (3.1%) 5 (3.2%) 8 (5.1%) NS

Abbreviations see in Tables 1,2.
There were statistically significant results between following groups: †Q1 vs Q3; ‡Q1 vs Q4; §Q2 vs Q3; IIQ2 vs Q4.

Table 4 Laboratory Data for the Female Subjects According to GGT (IU/L)

Q1 Q2 Q3 Q4 p value

Systolic BP (mmHg) 114 (104–128)†,‡ 120 (106–129) 125 (109–141) 122 (111–139) <0.01  
Diastolic BP (mmHg) 72 (64–79)†,‡ 73 (66–80)§ 77 (68–85) 75 (68–84) <0.05  
Pulse pressure (mmHg) 43 (39–50)†,‡ 46 (40–52) 48 (41–56) 47 (42–55) <0.05  
MAP (mmHg) 85.7 (76.9–96.0)†,‡ 87.3 (79.3–96.2) 92.5 (82.2–102.5) 91.7 (82.5–101.0) <0.01  
Heart rate (beats/min) 68 (62–75) 68 (63–76) 69 (64–74) 71 (64–78) NS
Proteinuria (%) 3 (1.8%) 2 (1.2%) 2 (1.3%) 6 (3.8%) NS
Hemoglobin (g/dl) 12.7 (12.0–13.2)†,‡ 12.9 (12.2–13.4)II 13.1 (12.4–13.7) 13.2 (12.7–13.8) <0.001
GGT (IU/L) 9 (8–10)*†,‡ 13 (12–14)§,II 18 (17–20)¶ 31 (25–47) <0.001
Uric acid (mg/dl) 4.2 (3.7–4.7)*,†,‡ 4.5 (4.0–5.0)II 4.5 (3.9–5.5) 4.7 (4.2–5.3) <0.05  
Creatinine (mg/dl) 0.7 (0.7–0.8) 0.7 (0.7–0.8) 0.7 (0.7–0.8) 0.7 (0.7–0.8) NS
GFR (ml ·min–1·1.73–2) 91.7 (81.0–97.5) 90.1 (80.6–96.0) 91.0 (80.6–95.3) 90.4 (79.1–94.1) NS
Lipid profile
    Total cholesterol (mg/dl) 189 (167–210)*,†,‡ 201 (178–222)II 205 (182–229) 212 (186–238) <0.05  
    LDL-C (mg/dl) 114 (91–131)*,†,‡ 120 (104–138) 123 (103–144) 131 (103–154) <0.05  
    HDL-C (mg/dl) 58 (50–68) 57 (51–70) 55 (48–66) 55 (47–65) NS
    Triglyceride (mg/dl) 77 (55–101)*,†,‡ 86 (68–116)II 99 (74–144) 113 (83–157) <0.05  
    Non-HDL-C (mg/dl) 131 (105–151)*,†,‡ 140 (121–158)II 146 (125–170) 155 (130–185) <0.05  
Glucose metabolism
    Glucose (mg/dl) 85 (79–90)†,‡ 86 (81–92)II 86 (81–93)¶ 91 (84–100) <0.05  
    Insulin (μIU/ml) 3.52 (2.09–5.26)†,‡ 3.80 (2.48–6.28)§,II 5.06 (3.28–7.40) 5.32 (3.63–8.15) <0.01  
    HOMAIR 0.74 (0.43–1.18)†,‡ 0.82 (0.52–1.37)§,II 1.14 (0.69–1.64) 1.20 (0.77–2.02) <0.01  
Metabolic syndrome 14 (8.2%)†,‡ 13 (8.1%)§,II 29 (18.4%) 42 (26.8%) <0.05  
Waist (cm) 76 (72–82)†,‡ 78 (74–84)II 80 (75–86) 81 (76–87) <0.01  
Body mass index 22.8 (21.2–24.7)†,‡ 23.3 (21.5–25.2)II 23.9 (22.7–25.8) 24.5 (23.3–26.4) <0.001
C-reactive protein (mg/L) 0.5 (0.2–0.8)†,‡ 0.5 (0.3–0.9)II 0.6 (0.3–1.1) 0.7 (0.4–1.6) <0.01  

Abbreviations see in Tables 1,2. 
There were statistically significant results between following groups: *Q1 vs Q2; †Q1 vs Q3; ‡Q1 vs Q4; §Q2 vs Q3; IIQ2 vs Q4; ¶Q3 
vs Q4.
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The median baPWV in men was 1,389.5 (1,280.0–1,530.0)
cm/s, which was higher than in women [1,315.3 (1,208.4–
1,484.6) cm/s]. High baPWV was designated as more than
1,510.5cm/s, which was the cut-off value between the 3rd

and 4th quartiles of baPWV (Tables7,8). In order to identi-
fy the variables that contribute to arterial stiffness, we per-
formed multivariate logistic regression analysis including
age, DM, hypertension, consumption of alcohol, BP, heart
rate, MS, proteinuria, hemoglobin, GGT, uric acid, HDL-

cholesterol, triglycerides, non-HDL-cholesterol, glucose,
insulin, HOMAIR, waist circumference, body mass index,
and CRP, which were significant variables between the low
and high PWV groups. Among these, age, DM, GGT, heart
rate, history of hypertension, triglycerides and systolic BP
were significant variables (Table9).

Factors That Influenced Serum GGT Level
In this analysis, increased serum GGT was designated as

more than 53IU/L, which was the cut-off value between the
3rd and 4th quartiles of GGT in men. In women, the cut-off
point was 21 IU/L. In both genders, serum triglycerides had
an influence on serum GGT level. Otherwise, alcohol con-
sumption, diastolic BP, uric acid, HOMAIR, and waist cir-
cumference were positively related to serum GGT in men.
In women, glucose, body mass index, and total cholesterol
were the significant variables (Table6).

Association Between GGT and baPWV After Age- and 
BP-Adjustment in the Gender-Specific Analysis

Age and BP were significant determinants of an increased
PWV, as many studies have previously reported. Thus, we
performed an adjustment by age and systolic BP. The medi-
an baPWV was 1,526.3 (1,359.6–1,704.1) cm/s. The gender-
specific interquartile cut-off points for adjusted baPWV
were 1,418.6, 1,574.3, and 1,746.4cm/s in men and 1,318.7,
1,471.0, and 1,660.1cm/s in women. In this situation, high
baPWV was designated as more than 1,746.4cm/s in men
and 1,660.1cm/s in women. In men, GGT (odds ratio (OR)
1.004 confidence interval (CI) [1.001–1.008]) HOMAIR

(OR 1.181 CI [1.002–1.069]), heart rate (OR 1.052 CI
[1.034–1.069]), history of hypertension (OR 1.573 CI
[1.017–2.433]), and MS (OR 3.772 CI [2.336–6.092]) were

Table 6 Logistic Regression Analysis Showing Independent 
Contributions to Increased GGT

Independent variables OR (95%CI) 

Men
    Age 0.975 (0.995–0.994)
    Alcohol 1.956 (1.512–2.530)
    Diastolic BP 1.023 (1.005–1.041)
    Uric acid 1.183 (1.016–1.379)
    HDL-C 1.033 (1.015–1.051)
    Triglyceride 1.004 (1.002–1.006)
    HOMAIR 1.411 (1.176–1.693)
    Waist circumference 1.031 (1.002–1.062)
Women
    Age 1.034 (1.010–1.058)
    Total cholesterol 1.006 (1.000–1.011)
    Triglyceride 1.004 (1.001–1.007)
    Glucose 1.024 (1.012–1.037)
    Waist circumference 0.953 (0.914–0.994)
    Body mass index 1.260 (1.125–1.411)

OR, odds ratio; CI, confidence interval. Other abbreviations see in Tables 1,2.
GGT was designated as more than 53 IU/L, which was the cut-off value be-
tween the 3rd and 4th quartiles of GGT in men. In women, the cut-off point 
was 21 IU/L.

Table 5 Association Between GGT and baPWV

Quartiles of GGT
p value

Q1 Q2 Q3 Q4

Men 1,361.8 1,364.5 1,402.5 1,410.5 NS
(1,255.3–1,498.8) (1,282.0–1,508.0) (1,275.5–1,544.0) (1,300.5–1,545.0)

Women 1,268.8 1,313.0 1,360.0 1,370.0 <0.001
    (1,164.4–1,387.5)*,† (1,199.0–1,446.3) (1,233.8–1,538.3) (1,244.8–1,580.8)

baPWV, brachial-ankle pulse wave velocity. Other abbreviation see in Table 1.
There were statistically significant results between the following groups: *Q1 vs Q3; †Q1 vs Q4.

Table 7 Baseline Characteristics According to PWV

Low PWV High PWV p value

n 1,040    347
Age (years)   49 (43–55)   58 (53–64) <0.001
Sex (male, %) 535 (51.4%) 206 (59.4%)    0.01  
Diabetes mellitus   43 (4.1%)    52 (15.0%) <0.001
Hypertension 128 (12.3%) 120 (34.6%) <0.001
Smoking
    Non-smoking 652 (62.7%) 212 (61.1%) NS
    Smoking 160 (15.4%)   63 (18.2%) NS
    Ex-smoking 228 (21.9%)   72 (20.7%) NS
Alcohol
    ≥40 g/day 196 (18.8%)   85 (24.5%)    0.03  
    0.1–39.9 g/day 291 (28%)     83 (23.9%) NS
    0 g/day 553 (53.2%) 179 (51.6%) NS
Hepatitis B   56 (5.4%)    20 (5.8%)  NS
Hepatitis C   26 (2.5%)    16 (4.6%)  NS

PWV, pulse wave velocity.
High PWV was designated as more than 1,510.5 cm/s, which was the cut-off value between the 3rd and 4th PWV quartiles.
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significant contributors to increased PWV. However, in
women, history of hypertension (OR 3.820 CI [2.386–
6.118]) and MS (OR 5.736 CI [3.529–9.323]) were sig-
nificant contributors to increased PWV. Serum GGT con-
tributed to increased PWV only in men. Table10 depicts
the detailed results.

Discussion
Serum GGT activity has long been regarded as a marker

for hepatobiliary disease and alcohol consumption,1 but
recent epidemiological evidence suggests that serum GGT
might evolve as a potential biochemical risk indicator of car-
diovascular morbidity and mortality.15 GGT is an enzyme
responsible for the extracellular catabolism of antioxidant
glutathione and act as a pro-oxidant in the extracellular
space. GGT is expressed in the liver, kidney, cerebrovascu-
lar endothelium and pericytes. As a potential mechanism it
has been proposed that GGT reduces Fe3+ to its bivalent
form and releases a free thyil radical, which oxidizes LDL
in the extracellular space.3,5,16 Although the exact mecha-

nism has not been fully elucidated, GGT levels appeared to
be an independent risk factor for the development of car-
diovascular disease, hypertension, stroke, and type 2 DM,
and their complications, in several prospective cohort
studies after adjusting for alcohol consumption.17–20 From
the viewpoint of GGT level in our results, serum triglycer-
ides had an influence on serum GGT level in both genders.
Additionally, alcohol consumption, diastolic BP, uric acid,
HOMAIR and waist circumference were positively related
to serum GGT in men. In women, fasting glucose, body
mass index, and total cholesterol were the significant varia-
bles. In 2007, it was reported that serum GGT was posi-

Table 8 Laboratory Data According to PWV

Low PWV High PWV p value

Systolic BP (mmHg) 119 (108–130.8) 137.0 (123.0–149.0) <0.001
Diastolic BP (mmHg) 74 (67–81) 83.0 (76.0–92.0) <0.001
Pulse pressure (mmHg) 45 (40–50) 52 (46–60) <0.001
MAP (mmHg) 88.7 (81.0–97.6) 100.7 (92.3–110.0) <0.001
Heart rate (beats/min) 68 (62–74) 70.0 (64.0–78.0) <0.001
Metabolic syndrome (%) 114/1,040 (11%) 99/347 (28.5%) <0.001
Proteinuria (%) 34/1,040 (3.3%) 24/347 (6.9%)    0.006
Hemoglobin (g/dl) 13.9 (12.9–15.2) 14.4 (13.3–15.3)    0.002
GGT (IU/L) 20.0 (13.0–36.0) 26.0 (17.0–46.0) <0.001
Uric acid (mg/dl) 5.2 (4.3–6.2) 5.6 (4.5–6.6) <0.001
Creatinine (mg/dl) 0.9 (0.7–1.0) 0.9 (0.7–1.0) NS
GFR (ml·min–1·1.73–2) 91.7 (82.4–97.9) 90 (78.2–95.4) NS
Lipid profile
    Total cholesterol (mg/dl) 199.0 (178.0–222.0) 203.0 (181.0–230.0) NS
    LDL-C (mg/dl) 122.4 (101.3–141.2) 122.4 (99.2–144.2) NS
    HDL-C (mg/dl) 53.0 (46.0–63.0) 51.0 (44.0–60.0)    0.003
    Triglyceride (mg/dl) 99.0 (71.0–140.8) 123.0 (91.0–171.0) <0.001
    Non-HDL-C (mg/dl) 144.0 (123.3–168.0) 150.0 (129.0–177.0)    0.005
Glucose metabolism
    Glucose (mg/dl) 88.0 (82.0–94.0) 92.0 (85.0–106.0) <0.001
    Insulin (μIU/ml) 4.58 (2.76–6.75) 5.44 (3.45–7.95) <0.001
    HOMAIR 1.01 (0.58–1.57) 1.26 (0.79–1.99) <0.001
Waist (cm) 83.0 (76.0–89.0) 85.2 (80.0–90.0) <0.001
Body mass index 24.1 (22.2–25.8) 24.3 (22.6–26.4)    0.03  
C-reactive protein (mg/L) 0.6 (0.3–1.3) 0.8 (0.5–1.5) <0.001

Abbreviations see in Tables 1,2,7.
High PWV was designated as more than 1,510.5 cm/s, which was the cut-off value between the 3rd and 4th PWV quartiles.

Table 9 Logistic Regression Analysis Showing Independent 
Contributions to High PWV

Independent variables OR (95%CI)

High PWV
    Age 1.139 (1.115–1.163)
    Diabetes mellitus 2.434 (1.429–4.144)
    GGT 1.007 (1.003–1.038)
    Heart rate 1.022 (1.007–1.038)
    Hypertension history 1.440 (1.012–2.048)
    Systolic BP 1.074 (1.060–1.089)
    Triglyceride 1.002 (1.001–1.003)

Abbreviations see in Tables 1,2,6,7.
High PWV was designated as more than 1,510.5 cm/s, which was the cut-off 
value between the 3rd and 4th quartiles of brachial-ankle PWV. 

Table 10 Logistic Regression Analysis Showing Independent 
Contributions to Age- and BP-Adjusted High PWV

Independent variables OR (95%CI)

Total
    Alcohol consumption 1.309 (1.090–1.571)
    GGT 1.004 (1.001–1.007)
    Heart rate 1.040 (1.026–1.052)
    Hypertension history 2.394 (1.738–3.296)
    Metabolic syndrome 4.615 (3.249–6.557)
    Uric acid 1.164 (1.052–1.288)
Men
    GGT 1.004 (1.001–1.008)
    HOMAIR 1.181 (1.002–1.069)
    Heart rate 1.052 (1.034–1.069)
    Hypertension history 1.573 (1.017–2.433)
    Metabolic syndrome 3.772 (2.336–6.092)
Women
    Hypertension history 3.820 (2.386–6.118)
    Metabolic syndrome 5.736 (3.529–9.323)

Abbreviations see in Tables 1,2,6,7.
Adjusted high PWV in the total group was designated as more than 
1,704.1 cm/s, which was the cut-off value between the 3rd and 4th quartiles 
of brachial-ankle PWV after age- and systolic BP (adjusted high PWV in 
men >1,746.4 cm/s, in women >1,660.1 cm/s).
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tively correlated with waist circumference, triglyceride,
fasting glucose, fasting insulin, HOMAIR in both genders.21

In summary, serum GGT level could be influenced by the
lipid profile and insulin resistance.

In the present study, although the relationship was very
weak, GGT independently contributed to increased PWV in
men, but not in women. In arterial stiffness, age and BP are
the most important determinants and in 2003 it was reported
that baPWV reflecting arterial stiffness was lower in
females than in males until age 60, and then became similar
in both genders after age 60.22 This gender effect on increased
PWV has been considered to be a hormonal environmental
difference, though the exact mechanism is not fully eluci-
dated. In the current study, a gender-specific difference in
baPWV was noted (age- and BP-adjusted median baPWV:
1,574.3cm/s in men vs 1,471.0cm/s in women). In another
study of baPWV as a marker of atherosclerotic vascular
damage and cardiovascular risk, a cut-off value of 1,400cm/s
was an independent variable for risk stratification by
Framingham score.23 Thus, our high baPWV value, as de-
termined by the 75 percentile value of each gender, may
have clinical significance (1,746.4cm/s in men, 1,660.1cm/s
in women). In the final stepwise logistic regression analysis
after age and BP adjustment, GGT was an independent
contributor to increased PWV in men. Interestingly, MS
and history of hypertension were the same contributors to
increase PWV in both genders. This result is consistent with
a report on MS in 2007, in which the authors concluded
that MS determined increased arterial stiffness indepen-
dently of other known cardiovascular risk factors.24

Additionally, HOMAIR and heart rate had an influence
on increased PWV in men. Because insulin resistance is a
proposed pathophysiologic mechanism of MS, we consider
that our results are plausible. However, the difference be-
tween both genders was not explained exactly. Further
study is needed to ascertain whether gender difference
really exists and the mechanism of that difference.

Study Limitations
First, identification of medications (eg, statins, anti-

hypertensive drugs) was impossible. Second, self-reported
alcohol consumption as a variable was of questionable
because of its reliability and validity. Third, because a cut-
off value of baPWV is not available, the results could
change according to the characteristics and number of
enrolled subjects, Last, though baPWV is convenient and
reproducible, baPWV itself has some limitation in reflect-
ing arterial stiffness. Despite these limitations, our results
confirm that the role of GGT as an additional marker of
arterial stiffness could be considered.

In conclusion, although it is necessary in the future to
elucidate the role of GGT and the relationship was very
weak, GGT might be an additional marker of arterial stiff-
ness, at least in men. In the future, larger cohorts studies
will be needed to confirm this result.
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