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Body Fat Distribution, Liver Enzymes, and Risk
of Hypertension

Evidence From the Western New York Study

Saverio Stranges, Maurizio Trevisan, Joan M. Dorn, Jacek Dmochowski, Richard P. Donahue

Abstract—�-Glutamyltransferase (GGT) has been associated with hypertension (HTN); however, the nature of this
association remains unclear. GGT is a marker of alcohol consumption, but it is also related to the infiltration of fat in
the liver (fatty liver). The association between GGT and HTN was examined in a 6-year longitudinal investigation
among 1455 men and women who returned for the follow-up visit. Baseline variables included serum GGT, blood
pressure, and anthropometric measures. Incident HTN was defined as blood pressure �140/90 or on antihypertensive
medication at the follow-up visit. To eliminate individuals with potential liver pathology, analyses focused only on
individuals with GGT within its normal range (n�897). Participants were divided in quintiles (Q) based on their baseline
GGT levels. Multiple logistic regression analyses [odds ratio (95% confidence intervals)] revealed a significant
association of GGT with incident hypertension [2.1 (1.1 to 4.0) Q5 versus Q1]. In subgroup analyses, GGT and HTN
were significantly associated among both noncurrent and current drinkers, but only for participants above the median
of anthropometric measures [eg, body mass index �26.4, 2.3 (0.9 to 5.7), waist circumference �86.1 cm, 3.7 (1.4 to
9.9), and abdominal height �19.8 cm, 3.1 (1.2 to 8.5), for Q5 versus Q1, in fully adjusted models]. These findings
suggest that the association between GGT and hypertension is not caused solely by alcohol consumption and indicate
that serum GGT, within its normal range, may predict hypertension among individuals with increased central fat
distribution, suggesting that fatty liver may represent an important underlying mechanism for this association.
(Hypertension. 2005;46:1186-1193.)
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Recent epidemiologic and clinical studies have reported a
strong association between �-glutamyltransferase

(GGT), a commonly used biochemical liver test, and several
cardiovascular risk factors and diseases including hyperten-
sion.1–15 The mechanism underlying this association is still
not well understood. Specifically, it is unclear whether these
observations are not confounded by use of alcohol or obesity,
especially central (visceral) fat, and may reflect an underlying
condition, such as hepatic insulin resistance or nonalcoholic
fatty liver (NAFL). It is known that GGT has a protective
function in maintaining appropriate hepatic glutathione lev-
els, which are crucial in antioxidant defenses.16 In addition,
GGT has been widely used as a biological marker of alcohol
consumption.17,18 Recent findings have shown as well that
regional body fat distribution, with abdominal accumulation,
may represent a stronger predictor of elevated liver enzymes
including GGT than relative weight, as assessed by body
mass index (BMI).19,20 Furthermore, central adiposity can be
an independent predictor of NAFL.21–23 This common clinical
and histological condition has been recently related to insulin

resistance and has been suggested as an additional feature of
the metabolic syndrome.24–26 There is evidence that both fatty
liver and central obesity are associated with free radical
generation thus enhancing oxidative stress.16,27,28 Therefore,
it is possible that NAFL may represent the link in the
association of GGT with hypertension and other components
of the metabolic syndrome.

We examined this question in a 6-year longitudinal inves-
tigation of the Western New York Study, a population-based
study of diabetes and cardiovascular risk factors among
residents of Erie and Niagara Counties, New York.

Methods
Study Population
Participants in this report were originally enrolled as healthy control
participants in the Western New York Health Study, an epidemio-
logic case-control investigation of patterns of alcohol intake and
coronary heart disease in Erie and Niagara Counties, New York,
conducted from 1986 to 2001 (59.5% initial response rate). The
details of the methodology have been previously described.29 The
initial cohort was selected from drivers’ license lists and Health Care
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Finance Administration lists. Eligible participants for the current
study were men and women aged 39 to 79 years selected from the
baseline examination without known clinical cardiovascular disease
(self-report) or type 2 diabetes (fasting plasma glucose �125 mg/dL
or self-report) and who were capable of completing the current study
protocol (n�2652). Exclusion criteria included self-report of any
medical condition that would prohibit participation (eg, all cancers
except skin cancer, type 1 diabetes, physical or mental impairment,
permanent change in residence out-of-state, deceased, or inability to
contact and determine eligibility). This left 2139 persons eligible, of
whom 1455 completed the full clinic examination (68.0%) at the
follow-up visit (6.0 years �0.8). Participants with prevalent hyper-
tension (blood pressure �140/90 or on antihypertensive treatment) at
baseline were further excluded (n�448). Finally, to eliminate indi-
viduals with potential liver pathology, we excluded 110 individuals
with GGT values above the normal reference range of the laboratory
(5 to 55 U/L). The remaining 897 participants are included in this
analysis.

The protocol was approved by the University at Buffalo Health
Science institutional review board and all participants provided
written informed consent before participation.

Compared with those who refused, participants in the current
report were less likely to be smokers at the baseline and somewhat
more educated (14.4 years versus 13.1 years of formal education;
P�0.001). There were no significant differences in race, sex ratio,
BMI, fasting glucose concentration or blood pressure values between
participants and refusers.

Study Protocol
All participants received a clinical examination that included resting
blood pressure, measures of height, weight, waist circumference, and
abdominal height. In addition, several questionnaires that were first
administered at the baseline examination were re-administered.
These assessed lifestyle and health habit information including:
cigarette use, physical activity, alcohol use, general health and
well-being, personal and family health history, medication use, and
socioeconomic status.

Anthropometric measurements were determined by trained and
certified interviewers on participants who wore light clothing and no
shoes. Waist circumference was determined with participants stand-
ing erect with the abdomen relaxed, arms at the side, and feet
together. The tape was horizontally placed between the bottom of the
rib cage and the top of the iliac crest (hip bones) around the smallest
circumference between these 2 reference points. The measurement
was taken at the end of a normal expiration, without the tape
compressing the skin, to the nearest 0.1 cm. Abdominal height was
measured using the Holtain-Kahn abdominal caliper.30 Three sepa-
rate measurements were made to the nearest 0.1 cm of the sagittal
(eg, antero-posterior) abdominal diameter. If the 3 readings were not
within 0.5 cm of each other, the 3 readings were repeated until they
were all within 0.5 cm of each other. The mean of the 3 readings
were used in these analyses. During the study we examined the intra-
and inter-observer variability of the abdominal height measurement.
The intra-observer variability, evaluated by the intra-class correla-
tion (ICC) coefficient, was 0.99. The inter-observer variability was

TABLE 1. Baseline Characteristics of Participants According to the Subsequent
Development of Hypertension*: The Western New York Study, 1995–2001

Variable
Normotensive

(n�702) Mean (SD)
Hypertensive

(n�195) Mean (SD) P†

Age (years) 53.2 (11.0) 58.3 (10.5) �0.0001

Education (years) 14.3 (2.5) 13.6 (2.3) �0.0001

BMI (kg/m2) 26.5 (4.7) 28.1 (5.0) �0.0001

Waist circumference (cm) 85.8 (12.0) 89.9 (14.6) 0.001

Abdominal height (cm) 19.8 (3.1) 20.9 (3.5) �0.0001

Physical activity (metabolic equivalent unit � h) 262.4 (47.4) 263.4 (49.1) 0.804

Drinks per day 0.4 (0.8) 0.5 (1.0) 0.378

Total cholesterol (mg/dL) 211.3 (37.8) 222.4 (38.2) �0.0001

Triglycerides (mg/dL) 119.2 (80.0) 132.9 (74.2) 0.030

Systolic blood pressure (mm Hg) 111.3 (10.9) 122.5 (9.5) �0.0001

Diastolic blood pressure (mm Hg) 68.9 (7.9) 74.3 (8.0) �0.0001

GGT (U/L) 21.6 (10.3) 25.4 (10.9) �0.0001

% %

Women 67.3 59.0 0.036

White 96.6 94.7 0.222

Smoking status

Never-smokers 54.1 42.2

Former-smokers 35.1 45.5

Current smokers 10.8 12.3 0.014

Drinking status

Lifetime abstainers 9.7 8.0

Former drinkers 18.9 23.0

Current drinkers 71.4 69.0 0.412

*Systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg or on medication
for hypertension.

†P values for comparison between normotensive and hypertensive participants at the follow-up
visit.

BMI indicates body mass index; GGT, �-glutamyltransferase; SD, standard deviation.
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0.99. Both waist circumference and abdominal height have been
shown to be highly correlated with the volume of visceral fat as
determined by multi-scan tomography.31–33 Height was measured on
a permanently mounted vertical board (Perspective Enterprises,
Kalamazoo, Mich), according to a standardized protocol. Weight
was measured to the nearest tenth of a pound on a calibrated balance
beam scale (Detecto, Inc, Webb City, Mo). BMI was calculated as
weight (kg) divided by height in meters2.

At both examinations, blood pressure was measured 3 times using
a standard mercury manometer by trained and certified technicians.
The onset of the first phase (systolic) and fifth phase (diastolic)
Korotkoff sounds were recorded. The mean of the second and third
measures were used in the analyses. At both examinations, hyper-
tension was defined as blood pressure �140/90 or use of antihyper-
tensive medications.34

At the baseline, a blood sample was obtained for determination of
routine chemistry between 7:30 and 9:30 AM after a fasting for 8 to
12 hours. Immediately after phlebotomy, tubes were wrapped in
aluminum foil to protect them from light and kept at room temper-
ature for 30 minutes and allowed to clot. Blood tubes were
centrifuged at 3000g for 10 minutes and 1.5 mL of serum was
transferred to polypropylene screw cap vials and placed in a cooler
with a cold pack. Samples were delivered by courier to Millard
Fillmore Center for Laboratory Medicine (Amherst, NY) for analysis
the same day. Hepatic enzymes alanine amino transferase (ALT),
aspartate aminotransferase (AST), serum �-glutamyl transferase
(SGGT), and alkaline phosphatase (ALP) were measured by kinetic
enzyme assays as part of a chemistry profile on a Paramax Auto-
mated Chemistry System.35,36

Statistical Analysis
All analyses were conducted using the Statistical Package for Social
Sciences (SPSS-12.0; SPSS Inc, Chicago, Ill). Differences in base-
line characteristics between participants who remained normotensive
and those who became hypertensive at the follow-up visit were
evaluated using independent sample t tests for continuous variables
and �2 test for categorical variables. Participants were divided into
quintiles (Q) of GGT concentration according to the baseline
distribution. Differences in baseline characteristics were also evalu-
ated across GGT quintiles. Tests for interaction between GGT and
gender were not significant; therefore, all analyses were conducted
without stratifying for gender.

Logistic regression was used to calculate odds ratios (ORs) and
95% confidence intervals (CI) of incident hypertension across

baseline GGT quintiles. The lowest quintile was used as the
reference category. Covariates included: the baseline values of age,
gender, race, average amount of alcohol, smoking status, BMI,
physical activity, and systolic blood pressure. Subgroup analyses
were performed to assess the association between GGT and incident
hypertension across baseline categories of drinking status (nondrink-
ers and current drinkers) and anthropometric measures, including
BMI, waist circumference, and abdominal height, categorized by the
median values.

Results
Table 1 shows the baseline characteristics of the study
participants according to the subsequent development of
hypertension. Mean values of age, anthropometric measures,
concentrations of total cholesterol and triglycerides, blood
pressure, and GGT were significantly higher among partici-
pants who became hypertensive than among those who
remained normotensive, whereas no significant difference
between the 2 groups was found in mean values of physical
activity and alcohol consumption. Participants who became
hypertensive were also significantly less educated and char-
acterized at baseline by significantly lower percentage of
women and higher percentage of smokers (both former and
current), whereas no significant difference between the 2
groups was found in the baseline distribution of race and
drinking status.

The mean values of the continuous characteristics at
baseline by GGT quintiles are shown in Table 2. For all but
education and physical activity, a significant linear trend was
found across quintiles of GGT.

Table 3 displays the ORs of incident hypertension across
baseline GGT quintiles. Model 1 is adjusted for age, gender,
and race. Compared with the bottom quintile, the ORs of
incident hypertension increased monotonically from quintile
2 through quintile 5: 0.8, 1.6, 1.8, and 2.7 (P for trend
�0.0001). After further adjustment for baseline average
amount of alcohol, smoking status, BMI, and physical activ-
ity (model 2), these risk estimates were only slightly attenu-

TABLE 2. Mean (SD) of Selected Covariates According to GGT Quintiles at Baseline: The Western New
York Study,1995–2001

GGT at Baseline

P * for TrendU/L �14 15–19 20–25 26–38 39–55

No. 220 209 178 196 94

Variable

Age (years) 51.7 (10.8) 53.4 (10.3) 54.8 (11.1) 55.3 (11.2) 55.1 (10.5) 0.006

Education (years) 14.4 (2.5) 14.2 (2.4) 14.3 (2.4) 14.0 (2.4) 13.8 (2.5) 0.268

Body mass index (kg/m2) 25.5 (4.4) 26.6 (4.8) 26.8 (4.9) 27.7 (4.6) 29.1 (5.3) �0.0001

Waist circumference (cm) 80.4 (11.9) 84.6 (12.1) 87.8 (12.1) 91.1 (13.9) 93.8 (14.5) �0.0001

Abdominal height (cm) 18.6 (2.8) 19.7 (3.0) 20.1 (3.0) 20.8 (3.1) 22.1 (3.8) �0.0001

Physical activity (metabolic equivalent unit�h) 257.1 (36.9) 262.4 (47.0) 265.8 (49.2) 264.0 (48.5) 274.3 (68.4) 0.068

Drinks per day 0.3 (0.6) 0.4 (0.8) 0.5 (0.8) 0.6 (1.1) 0.6 (0.9) 0.048

Total cholesterol (mg/dL) 205.0 (34.5) 214.0 (39.4) 213.8 (40.6) 218.5 (40.3) 220.8 (32.0) 0.001

Triglycerides (mg/dL) 102.0 (58.3) 111.6 (69.2) 125.2 (71.7) 137.8 (95.7) 150.8 (92.6) �0.0001

Systolic blood pressure (mm Hg) 110.0.9 (11.6) 111.8 (10.7) 113.7 (11.7) 116.7 (11.7) 117.2 (10.7) �0.0001

Diastolic blood pressure (mm Hg) 69.3 (7.7) 69.0 (7.8) 70.2 (9.0) 70.9 (7.7) 72.4 (8.8) 0.005

*P values for linear trend.
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ated: 0.8, 1.6, 1.8, and 2.1 (P for trend �0.0001). Model 3 is
adjusted further for baseline systolic blood pressure with little
notable change: 0.9, 1.7, 2.0, and 2.1 (P for trend 0.002).

To examine any confounding by drinking status, we
stratified the results by baseline drinking status. A significant
linear relationship between GGT quintiles and incident hy-
pertension was found among both nondrinkers (including
lifetime abstainers and former drinkers) and current drinkers;
however, the association was stronger among nondrinkers
than among current drinkers with an OR of 3.5 (1.2 to 10.0)
comparing Q5 versus Q1 in the fully adjusted model.

We also examined the impact of obesity and visceral fat on
the results (Table 4). After stratification by the median values
of baseline anthropometric measures, such as BMI, waist
circumference, and abdominal height, GGT and incident
HTN were significantly associated only among participants
above the median of all anthropometric measures [eg, for
BMI �26.4, 2.3 (0.9 to 5.7), for waist circumference �86.1
cm, 3.7 (1.4 to 9.9), and for abdominal height �19.8 cm, 3.1
(1.2 to 8.5), comparing Q5 versus Q1, in fully adjusted
models]. However, it should be noted that the association
between GGT and HTN, generally, appeared to be stronger
among participants who were above the median of waist
circumference and abdominal height compared with partici-
pants who were above the median of BMI in the fully
adjusted model (model 3). These findings suggest that GGT
may be differentially related to these anthropometric mea-
sures. To further examine this, we cross-classified tertiles of
waist circumference and BMI. A direct and statistically
significant relation between the age-adjusted mean values of

GGT and waist circumference persisted within each tertile of
BMI (Figure 1). By contrast, no significant association was
found between GGT and BMI across tertiles of waist circum-
ference (Figure 2). Thus, these figures indicate that mean
values of GGT vary as a function of waist circumference,
independently of BMI.

Discussion
In this prospective population-based study GGT, within the
physiological range, was a strong predictor of incident
hypertension during 6 years of follow-up in a dose-response
relationship. This association was independent of the effects
of alcohol consumption and was present in both nondrinkers
and drinkers; however, it appeared stronger among nondrink-
ers than among drinkers. When we evaluated the association
between GGT and incident hypertension according to anthro-
pometric measures of either relative weight, ie, BMI, or body
fat distribution, ie, waist circumference and abdominal
height, GGT was a significant predictor of incident hyperten-
sion only among the overweight and especially among
persons with increased central fat distribution. The latter is a
novel finding and is consistent with the hypothesis that fatty
liver may represent an important underlying mechanism for
the observed associations between GGT and hypertension.

Over the past 20 years, many cross-sectional studies and
fewer longitudinal investigations have reported a positive
association of GGT with blood pressure and risk of hyper-
tension.2–7,12,13 This association has been shown to be inde-
pendent of alcohol consumption and to be present among
both drinkers and nondrinkers.2,7,13 Our findings are consis-

TABLE 3. Odds Ratio (95% CI) of Incident Hypertension* by GGT Quintiles at
Baseline: The Western New York Study,1995–2001

GGT at Baseline P for Trend

U/L �14 15–19 20–25 26–38 39–55

N 220 209 178 196 94

Model 1† 1.0 0.8 (0.5–1.4) 1.6 (0.9–2.8) 1.8 (1.1–3.1) 2.7 (1.5–4.9) �0.0001

Model 2‡ 1.0 0.8 (0.4–1.4) 1.6 (0.9–2.7) 1.8 (1.0–3.0) 2.1 (1.1–4.0) �0.0001

Model 3§ 1.0 0.9 (0.5–1.6) 1.7 (0.9–3.0) 2.0 (1.1–3.4) 2.1 (1.1–4.0) 0.002

By drinking status

Nondrinkers

N 77 64 39 56 31

Model 1 1.0 0.8 (0.3–2.0) 1.0 (0.3–2.9) 1.6 (0.6–3.8) 3.9 (1.4–10.4) 0.006

Model 2 1.0 0.7 (0.3–1.9) 1.0 (0.3–2.9) 1.5 (0.6–3.8) 3.4 (1.2–9.4) 0.011

Model 3 1.0 0.8 (0.3–2.2) 1.0 (0.3–3.0) 1.8 (0.7–4.8) 3.5 (1.2–10.0) 0.010

Current drinkers

N 143 145 139 140 63

Model 1 1.0 0.8 (0.4–1.7) 1.8 (0.9–3.5) 2.0 (1.0–3.8) 1.9 (0.9–4.3) 0.008

Model 2 1.0 0.8 (0.4–1.7) 1.8 (0.9–3.6) 2.0 (1.0–3.9) 1.5 (0.6–3.4) 0.035

Model 3 1.0 0.9 (0.4–2.0) 2.1 (1.0–4.4) 2.2 (1.0–4.5) 1.4 (0.6–3.4) 0.057

*Systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg or on medication
for hypertension.

†Adjusted for age, gender, and race.
‡Adjusted as above plus average amount of alcohol (except among categories of drinking status),

smoking status, body mass index, and physical activity.
§Adjusted as above plus systolic blood pressure.
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tent with previous work, further supporting the conclusion
that the association between GGT and blood pressure is not
mediated by alcohol consumption. Unfortunately, we were
not able to assess this association separately in lifetime
abstainers and former drinkers, because our sample size
precluded us from performing meaningful comparisons
within these subsets of drinkers. However, other studies have
shown that GGT is associated with blood pressure even
among lifetime abstainers.2

By contrast, the association of GGT with blood pressure
has been shown to be affected by variation in body fat

distribution and parameters of insulin resistance. For exam-
ple, in a study of 38-year-old Dutch men GGT was not
associated with either systolic or diastolic blood pressure in
multiple regression analysis including waist-to-hip circumfer-
ence ratio, as a measure of body fat distribution, whereas the
letter was significantly associated with diastolic blood pres-
sure.1 Similarly, in a large population-based Italian study the
significant univariate correlations between GGT and both
systolic and diastolic blood pressures were no longer signif-
icant in multiple regression analysis including blood lipids.9

A study of Japanese male workers showed that blood pressure

TABLE 4. Odds Ratio (95% CI) of Incident Hypertension* by GGT Quintiles at Baseline: The
Western New York Study, 1995–2001

GGT at Baseline
P for
Trend

U/L �14 15–19 20–25 26–38 39–55

By median of BMI

�26.4

N 143 115 90 78 33

Model 1† 1.0 0.8 (0.4–1.8) 1.3 (0.6–2.8) 1.3 (0.6–2.9) 1.4 (0.5–4.1) 0.342

Model 2‡ 1.0 0.8 (0.4–1.7) 1.1 (0.5–2.5) 1.3 (0.6–2.9) 1.2 (0.4–3.8) 0.457

Model 3§ 1.0 1.0 (0.5–2.2) 1.2 (0.5–2.8) 1.5 (0.6–3.5) 1.6 (0.5–5.4) 0.243

�26.4

N 77 94 88 118 61

Model 1 1.0 0.8 (0.3–1.9) 2.1 (0.9–4.5) 2.2 (1.0–4.7) 3.3 (1.4–7.6) �0.0001

Model 2 1.0 0.8 (0.3–1.8) 2.0 (0.9–4.4) 2.1 (1.0–4.6) 3.0 (1.3–6.9) 0.001

Model 3 1.0 0.8 (0.3–1.9) 2.1 (0.9–4.8) 2.2 (1.0–4.9) 2.3 (0.9–5.7) 0.006

By median of waist circumference

�86.1 (cm)

N 159 122 79 78 31

Model 1 1.0 0.9 (0.4–1.7) 1.1 (0.5–2.3) 1.3 (0.6–2.7) 1.4 (0.5–3.9) 0.349

Model 2 1.0 0.9 (0.4–1.7) 1.0 (0.5–2.3) 1.3 (0.6–2.8) 1.2 (0.4–3.5) 0.426

Model 3 1.0 1.1 (0.5–2.3) 1.1 (0.5–2.7) 1.5 (0.7–3.4) 1.1 (0.4–3.3) 0.434

�86.1 (cm)

N 61 87 99 118 63

Model 1 1.0 0.9 (0.3–2.5) 2.8 (1.1–6.8) 2.9 (1.2–6.9) 4.4 (1.7–11.1) �0.0001

Model 2 1.0 0.9 (0.3–2.4) 2.7 (1.1–6.5) 2.9 (1.2–7.0) 4.0 (1.5 �10.2) �0.0001

Model 3 1.0 1.0 (0.3–2.7) 2.8 (1.1–7.1) 3.1 (1.2–7.6) 3.7 (1.4–9.9) �0.0001

By median of abdominal height

�19.8 (cm)

N 164 117 85 75 27

Model 1 1.0 1.0 (0.5–2.0) 1.2 (0.6–2.6) 1.6 (0.8–3.4) 0.8 (0.2–2.9) 0.450

Model 2 1.0 1.0 (0.5–2.0) 1.1 (0.5–2.5) 1.7 (0.8–3.5) 0.6 (0.1–2.5) 0.521

Model 3 1.0 1.3 (0.6–2.6) 1.3 (0.6–2.9) 1.8 (0.8–3.9) 0.6 (0.1–2.9) 0.459

�19.8 (cm)

N 56 92 93 121 67

Model 1 1.0 0.8 (0.3–2.1) 2.3 (0.9–5.8) 2.0 (0.8–5.1) 3.7 (1.4–9.4) �0.001

Model 2 1.0 0.8 (0.3–2.1) 2.3 (0.9–5.8) 2.1 (0.9–5.3) 3.4 (1.3–8.9) 0.001

Model 3 1.0 0.8 (0.3–2.4) 2.6 (1.0–6.8) 2.6 (1.0–6.7) 3.1 (1.2–8.5) 0.002

*Systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg or on medication for hypertension.
†Adjusted for age, gender, and race.
‡Adjusted as above plus average amount of alcohol, smoking status, and physical activity.
§Adjusted as above plus systolic blood pressure.
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was more strongly related to plasma insulin levels after a
glucose tolerance test than to GGT, and that GGT was no
longer significantly associated with blood pressure after
adjustment for insulin levels.6 Our findings extend previous
work and indicate that the association of GGT with hyper-
tension risk is strongly affected by variation in relative weight
and, above all, body fat distribution. Specifically, we found
that GGT was a significant predictor of incident hypertension
only among overweight or individuals with increased central
fat distribution. In addition, the association between GGT and
HTN appeared to be stronger among participants who were
above the median of waist circumference and abdominal
height than among those who were above the median of BMI.
Our results also indicate that mean values of GGT vary as a
function of waist circumference independent of BMI, sup-
porting the notion that central adiposity may represent a
stronger predictor of elevated liver enzymes including GGT
than relative weight, as assessed by BMI.19,20 Because central
adiposity can correlate with the development of fatty liv-
er,21–23 our findings further support the hypothesis that NAFL
may represent an important underlying mechanism for the
observed associations between GGT and hypertension. More-
over, the association between hepatic insulin resistance and
fatty liver has been shown in several clinical studies and some
authors have suggested that fatty liver should be considered
part of the metabolic syndrome.24–26 In addition, there is
evidence that both fatty liver and central obesity are associ-
ated with increased free radical generation.27,28 It is known
that GGT has a protective function in maintaining appropriate
hepatic glutathione levels, which are crucial in antioxidant

defenses.16 Therefore, it is possible that the generation of free
radicals, which can occur in fatty liver and central obesity,
may deplete intracellular glutathione and thus induce the
activity of GGT to enhance glutathione levels. The increase in
GGT at the sinusoidal membrane of hepatocytes can lead to
an increased release of GGT into the circulation. Unfortu-
nately, in our study we did not assess at baseline plasma
insulin levels and could not further investigate the association
between GGT and parameters of insulin resistance.

Consistently with previous work,13 in our study no associ-
ation was found between hypertension risk and other hepatic
enzymes including ALT, AST, and ALP (data not shown).
The lack of association between hypertension risk and more
specific enzymes of liver damage (ALT and AST) further
suggests that the association of GGT, within its normal range,
and hypertension may be caused by an increased condition of
oxidative stress produced by either central adiposity or fatty
liver rather than to merely liver damage. Additionally, there is
evidence that GGT can act as a pro-oxidant and lead to
formation of free radicals and lipid peroxidation,16,37 which
are pathologic mechanisms commonly associated with hyper-
tension and other cardiovascular risk factors.38

When we performed analyses including participants with
elevated GGT (�55 U/L), the point estimates of hypertension
risk among these participants were somewhat attenuated and
not significant (data not shown). Although these findings
indicate that the predictive value of GGT for hypertension
may decrease in persons with potential liver damage, they
further support the hypothesis that GGT, within its normal
range, may represent an early and sensitive biomarker for the

Figure 1. Age-adjusted GGT mean val-
ues across tertiles of waist circumfer-
ence within each tertile of BMI. The
Western New York Study, 1995 to 2001.
*P values for linear trend across tertiles
of waist circumference within each tertile
of BMI.

Figure 2. Age-adjusted GGT mean val-
ues across tertiles of BMI within each
tertile of waist circumference. The West-
ern New York Study, 1995 to 2001. *P
values for linear trend across tertiles of
BMI within each tertile of waist
circumference.
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development of hypertension as well as of other components
of the metabolic syndrome.10,13,14

Several limitations of this study deserve mention. First, the
suboptimal initial participation rate (59.5%) and reexamina-
tion rate (68.0%) may leave the possibility for selection bias
and restrict the generalization of our findings to the general
public. However, this would not affect the internal validity of
our results. Second, we cannot rule out the presence of
additional unknown confounding variables that we were
unable to control for in our analyses, and the potential of
residual confounding that, in the absence of a known physi-
ological link, may have contributed to our findings. The
strengths of this study include the very detailed information
elicited on several covariates known to be related to either
GGT or blood pressure elevation including alcohol consump-
tion and several measures of body fatness. A further strength
is that we enrolled participants randomly selected from a
community-wide population.

Perspectives
Our study adds new and important information to the current
body of evidence about the association of GGT with hyper-
tension and other components of the metabolic syndrome.
Our findings indicate that the association between GGT and
hypertension is not caused solely by alcohol consumption; in
addition, they further support the hypothesis that NAFL, and
its metabolic consequences (eg, insulin resistance), may
represent an important link between GGT and components of
the metabolic syndrome. These findings may have both
clinical and public health implications if we consider that
fatty liver is the most common cause of liver injury in the
United States.39 Population-based studies are necessary to
further investigate the association between fatty liver and
hepatic insulin resistance. Moreover, experimental studies are
needed also to better understand the physiological functions
of GGT with respect to oxidative stress and to support the
epidemiologic and clinical evidence regarding the association
between metabolic abnormalities and fatty liver.
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