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Abstract

Background—Serum y-glutamyltranspeptidase (GGT), a marker of fatty liver disease (FLD),
predicts mortality in young adults. However, the association between serum GGT and mortality in
older adults is unclear.

Objectives—To examine if elevated serum GGT predicts all-cause, cardiovascular (CVD), and
liver mortality in community-dwelling older adults.

Design and setting—A prospective cohort study including 2364 participants (mean-age 70 yr,
BMI-24.5 kg/m?2, 54% women) from the Rancho Bernardo Study who attended a research visit in
1984-87 when multiple metabolic covariates were ascertained including serum GGT. They were
followed for a mean (+ standard deviation) of 13.7 (£6.2) years.

Measurement—Multivariable-adjusted Cox-proportional hazards analyses were conducted to
examine the association between elevated serum GGT (>51 U/L in men and > 33 U/L in women)
and all-cause, CVD, and liver mortality.

Results—In these older men and women, cumulative mortality was 56.2% (n=1329) with CVD
and liver mortality accounting for 49.4% and 2.3% of all deaths, respectively, over 32,387 person-
years of follow-up. In multivariate analyses (adjusted for age, sex, alcohol use, body-mass-index,
total cholesterol, HDL cholesterol, serum triglyceride, smoking status, systolic blood pressure,
diabetes mellitus, serum interleukin-6, and c-reactive protein), serum GGT elevation was
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significantly associated with all-cause (HR, 1.55, 95% CI, 1.21-1.98), CVD (HR, 1.51, 95% ClI,
1.04-2.17), and liver mortality (HR, 9.10, 95% ClI, 3.42-24.26).

Conclusions—In community-dwelling older adults, serum GGT is an independent predictor of
all-cause, CVD, and liver mortality.

Keywords
NAFLD; GGT; and death

Introduction

Serum gamma-glutamyltranspeptidase (GGT) is a blood test routinely used in clinical
practice to evaluate individuals for fatty liver disease (1). It is elevated in both alcohol and
obesity-associated fatty liver (1). Although serum GGT is predominantly secreted by the
liver, it is present in all epithelial cells of the body where it plays an important role in
glutathione metabolism. Cellular GGT is responsible for metabolizing extracellular reduced
glutathione and replenishing intracellular glutathione by assimilation and reutilization of
precursor amino acids (2). A rise in GGT is associated with a parallel increase in reactive
oxygen species that induce cellular injury and lead to glutathione depletion especially in the
presence of iron, which may potentiate the effect of free radical damage to cells (2, 3).
Therefore, serum GGT is a marker of oxidative stress (4). This mechanism has been thought
to be responsible for its association with atherosclerosis, and cardiovascular disease (CVD)
(4, 5). It has been also shown that active GGT enzyme is present in atherosclerotic plaques
and might contribute to its progression (6). We recently showed that serum GGT and
metabolic syndrome traits have significant genetic covariance that may explain the genetic
link between CVD and fatty liver disease (7)

Serum GGT concentrations are associated with prevalent and incident cardiovascular
disease (CVD) (8, 9). Recent studies show that serum GGT predicts CVD mortality in
young adults (8, 10-12). A 12 year follow-up study by Ruhl and Everhart using the 1988-94
NHANES dataset (mean age 44 years) demonstrated that elevated serum GGT (>51 U/L in
men and > 33 U/L in women) was an independent predictor of all-cause and liver mortality,
but not CVD mortality in multivariate analyses (13). However, age-adjusted analyses
showed an association between log transformed serum GGT (continuous variable) and CVD
mortality.

A nested case-control study derived from the Minnesota Heart Study showed that GGT was
a robust predictor of CVD mortality only in younger adults, but not among participants who
were aged 70 years or more (14). Ghouri and colleagues conducted a systematic review of
published data on GGT and cardiovascular risk and reported that the strength of association
between serum GGT and cardiovascular mortality was not significant in older adults (15).
Therefore, it is unclear if serum GGT predicts all-cause, CVD, and liver mortality in older
adults in a community-dwelling cohort.

We hypothesized that: 1) Elevated serum GGT is associated with an increased risk of CVD,
liver, and all-cause mortality in older men and women; 2) The association between elevated
serum GGT and mortality is independent of metabolic risk factors. In order to test our
hypotheses, we conducted a prospective study to examine the association between elevated
serum GGT levels and all-cause, CVD, and liver mortality in a well-characterized,
community-dwelling, population-based cohort of older men and women residing within
Southern California in the United States.
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Ethics Statement

This study was approved by the UCSD IRB and conducted according to the principles
expressed in the Declaration of Helsinki. A written informed consent was obtained from all
participants.

Setting and Design

We conducted a prospective study in older community-dwelling participants of the Rancho
Bernardo Study (RBS), who attended a clinical research examination between 1984 and
1987. RBS is a well-characterized cohort that was established in 1972 when 82% of the
residents of Rancho Bernardo, a southern California town, were recruited. The details of the
cohort, selection criteria, and purpose of the RBS have been published previously (16-18).
Derivation of the study cohort: Of the 2466 participants, aged 30 years or more, who
attended examination in the 198487 clinic visit, we excluded 36 who did not have serum
GGT data, and 66 who had missing data on alcohol use, weight and height, lipids, fasting
plasma glucose, smoking, and/or the presence or absence of a history of diabetes, leaving
2364 participants for these analyses (19).

Exposure: Serum GGT

Follow-up

Co-variates

Based on results from fasting morning serum samples(collected in the period between 1984
and 1987), participants were classified into two GGT groups: elevated serum GGT and
normal serum GGT at baseline visit. Elevated serum GGT was defined as >51 U/L in men
and > 33 U/L in women. These categories were defined a priori and are consistent with the
largest previously published study of a representative sample of the United States (13).
Serum GGT was measured in the UCSD clinical laboratory using the colorimetric method
during the research visit.

Rancho Bernardo participants have been followed annually for vital status with follow-up
available until December 2005 (an average of 13.7 (+ 6.2 [standard deviation]) years of
follow-up). The study protocol was approved by the institutional review board of the
University of California, San Diego and a written informed consent was obtained from all
the participants.

Height and weight were measured by a trained investigator during the research visit and
BMI was calculated using weight in kg and divided by square of height in meters (Kg/M?).
Two morning blood pressure readings were measured in seated resting participants by a
specially trained technician using a mercury sphygmomanometer, according to the
Hypertension Detection and Follow-up Program protocol (20). Plasma glucose was
measured using the glucose-oxidase method. Fasting plasma total cholesterol, high-density
lipoprotein (HDL), and triglyceride levels were measured using enzymatic methods in a
laboratory certified by the Centers for Disease Control (21). Participants with an average
systolic blood pressure = 140 mm Hg or diastolic blood pressure = 90 or receiving
medications for the treatment of hypertension were classified as hypertensive. Diabetes
mellitus was defined as a fasting plasma glucose = 7 mmol/L (126 mg/dl) or treatment with
either insulin or an oral hypoglycemic medication. Alcohol use was ascertained by a
questionnaire and has been previously validated by levels of HDL (22). Alcohol use was
self-reported to a trained interviewer who asked about frequency, amount, and type of
alcohol. Participants were asked questions regarding frequency, type, and quantity of
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alcoholic beverages consumed in the past week. For the present analysis, alcohol (beer,
wine, or spirits) was quantified as the number of alcoholic drinks consumed in a day with
one drink equivalent to 10 grams of alcohol. Participants who reported no alcohol use in the
last year were classified as non-drinkers. Smoking was stratified into: current smokers, past
smokers, and never smokers. Current smokers, or anyone who smoked 10 cigarettes or more
in the last year, were classified as a smoker. At the same visit, fasting blood samples (serum)
were frozen at =70°C. IL-6 was measured in previously unthawed serum using a high
sensitivity (0.094 pg/ml) commercial Elisa (Quantikine HS, human IL-6 immunoassay;
R&D Systems, Minneapolis, MN). CRP was measured using a high sensitivity clinical
laboratory assay using a previously unthawed serum.

Outcomes included all-cause, CVD, and liver mortality until December 2005.

Assessment of outcome

Vital statistics are known for 96 percent of participants. Death certificates were obtained for
90 percent of decedents and classified for underlying cause of death by a certified nosologist
using the International Classification of Diseases (ICD), Ninth Revision. CVD deaths
included codes 390-459 and deaths from all encompassed codes 0-999. Liver deaths
included underlying or associated cause of death by codes 70.2-70.9, 155, 275.0-275.1, and
571-573. This is consistent with prior studies because the number of deaths reported due to
liver disease on death certificates were small (n=13) and using underlying cause of death
alone may grossly underestimate liver mortality (13, 23). Mortality follow-up was
performed until December 31, 2005.

Statistical Analysis

Baseline characteristics were compared by serum GGT status using a t-test for continuous
variables and a chi-square test for categorical variables. Cox-proportional hazards regression
analysis was conducted to examine the hazards ratio (an estimate of relative risk) of
mortality (all-cause, CVD, and liver) associated with elevated serum GGT vs. normal GGT
at baseline. The conditions of proportional hazards analysis were met and confirmed by
relatively constant risk ratio through examination of —log (-log) plots of survival versus
time.

Hierarchical adjustment was conducted and the following models were examined: age-sex
adjusted, and multi-variable models adjusted for age-sex-alcohol-BMI-total cholesterol-
HDL cholesterol-serum triglyceride-smoking-systolic blood pressure-diabetes mellitus, IL-6
and CRP. These co-variates were chosen because they have been shown to be associated
with elevated GGT in previously published studies (7, 13, 24).

Additionally, we analyzed the effect of serum GGT as a continuous variable (GGT was log
transformed to fulfill the conditions of normality for these analyses) and conducted Cox-
proportional hazards regression analysis to examine the hazards ratio (an estimate of relative
risk) of mortality (all-cause, CVD and liver) associated with 1 log increase in serum GGT.

To examine whether the GGT mortality associations existed within normal GGT range,
participants were classified into quartiles of GGT (quartile 4 with highest GGT and quartile
1 with lowest GGT). Age-sex adjusted Cox-proportional hazard rates and 95% CI were
calculated and p-value for trend was used to examine the association of GGT quartile (dose)
on mortality.
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A two-sided p-value < 0.05 was considered statistically significant. SAS version 9.1 (SAS
Institute, Cary NC) was used for all analyses.

Results

Baseline data

The prevalence of elevated GGT was 6.7% (n=158) in this cohort. Median GGT was 9 1U/L
with an interquartile range of 8 IU/L. Table 1. shows the baseline characteristics of the
participants classified by elevated versus normal GGT. Individuals with elevated GGT were
more likely to be obese, hypertensive with higher systolic blood pressure, dyslipidemic, and
diabetic. Normal GGT levels were more common in non-smokers and non-drinkers of
alcohol.

Elevated serum GGT and mortality

In these older adults (mean age 70 years at baseline, age range between 30 and 93), the death
rate during the study period was 56.2% (n=1329). CVD deaths accounted for 49.4% (n=657)
and liver deaths accounted for 2.3% (n=31) of all deaths over 32,387 person-years of follow-
up. Age-sex-adjusted Cox-proportional hazard models showed that the risk of all-cause
(figure 1a), CVD (figure 1b), and liver (figure 1c) mortality was significantly increased in
participants with elevated serum GGT compared to those with normal GGT by HR 1.67
(95% Cl, 1.35-2.06), 1.71 (95% CI, 1.26-2.32), and 9.05 (95% Cl, 4.04-20.27) respectively
(table 2).

Results remained consistent even after multi-variable-adjustment by controlling for age, sex,
alcohol, BMI, total cholesterol, HDL cholesterol, serum triglyceride, smoking, systolic
blood pressure, diabetes mellitus, IL-6 and CRP. The multi-variable adjusted hazards of all-
cause, CVD, and liver mortality were 1.55 (95% CI, 1.21-1.98), 1.51 (95% ClI, 1.04-2.17),
and 9.10 (95% ClI, 3.42-24.26) respectively (table 2)

Serum GGT (log transformed) and mortality

When serum GGT (log transformed) was analyzed as a continuous variable in age-sex-
adjusted analyses, the hazards of all-cause, CVD, and liver mortality with one standard
deviation increase in log GGT were 1.28 (95% CI, 1.18-1.40), 1.34 (95% ClI, 1.19-1.51),
and 2.41 (95% ClI, 1.61-3.59), respectively (table 3). Findings remained consistent and
statistically significant in multi-variable analyses, with hazards of all-cause, CVD, and liver
mortality of 1.21 (95% ClI, 1.09-1.34), 1.28 (95% ClI, 1.10-1.49), and 2.52 (95% ClI, 1.52—
4.17) respectively (table 3). On multivariate analysis, age at recruitment (p<0.0001), male
gender (p<0.0001), BMI (0.02), systolic blood pressure (p<0.0001), and current smoking
(p<0.0001) were also independent predictors of overall mortality.

Assessment of interaction between serum GGT and age

In order to examine whether there was any interaction between serum GGT and age in
predicting all-cause, CVD and liver mortality we performed Wald test for interaction. The
Wald test for interaction was not significant for an interaction between serum GGT and age
for any of the outcomes including all-cause (p-value=0.17), CVD (p-value = 0.37) and liver
mortality (p-value = 0.39).

Serum GGT quartiles and mortality

We also examined the association between serum GGT within normal range (divided into
quartiles 1 to 4; quartile 4 with highest GGT, and quartile 1 with lowest GGT as referent
group) and all-cause, CVD, and liver mortality. Age-sex adjusted Cox-proportional hazard
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models showed that the risk of all-cause mortality in quartile 4 (serum GGT: >15 U/L),
quartile 3 (serum GGT: 10-14U/L), and quartile 2 (serum GGT: 7-9U/L) as compared to
quartile 1 (serum GGT: 6 or less) were 1.43 (95% Cl, 1.22-1.67), 1.22 (95% ClI, 1.05-1.42),
and 0.99 (95% ClI, 0.85-1.15) respectively (p-value for trend <0.0001). Results remained
consistent for CVD mortality. The hazards of CVD mortality in quartiles 4, 3, and 2 as
compared to quartile 1 were 1.46 (95% CI, 1.17-1.83), 1.27 (95% CI, 1.02-1.58), and 0.98
(95% CI, 0.79-1.21) respectively (p-value for trend <0.0001). Hazard rate of liver mortality
did not change significantly. The hazards of liver mortality in quartiles 4, 3, and 2 as
compared to quartile 1 were 0.33 (95% CI, 0.09-1.24), 0.64 (95% CI, 0.21-1.98), and 1.91
(95% ClI, 0.77-4.72) respectively (p-value for trend <0.096).

Discussion

Main findings

The main findings of this study include: 1) Elevated serum GGT is an independent and
robust predictor of all-cause, CVD, and liver mortality in older adults in this Southern
California community-dwelling cohort. 2) Serum GGT, even within normal range, is
predictive of CVD and all-cause mortality and may have a role as a prognostic marker.

Relevance with previously published literature

Several groups have shown that serum GGT level is related to surrogate markers of coronary
atherosclerosis, like arterial stiffness and coronary artery calcium (25, 26) and cross-
sectionally and longitudinally predicts CVD independent of alcohol intake (9, 27). There is
emerging data on the association between serum GGT and CVD mortality from large
population-based studies with the majority of studies favoring the association between
serum GGT and all-cause and CVD mortality in both diabetic and non-diabetic population
(10-12, 28-31). Moreover, GGT was found to be independently associated with the
complexity of coronary lesions in patients with preexisting coronary artery disease (32).
Ruttmann and colleagues reported that serum GGT is an independent predictor of CVD
mortality over 17 years of follow-up in the Vorarlberg Health Monitoring and Promotion
Program Study (mean age, 42 years) conducted in Austrian men and women (10).
Furthermore, Strasak and colleagues showed that a longitudinal increase in GGT predicts
CVD mortality in this Austrian population-based cohort (11). Lee et al reported that serum
GGT predicts CVD and all-cause mortality in 3451 Framingham study participants (mean
age 44) over 19 years of follow-up (12). Wannamethee et al. conducted a study in 6997
British men aged 40-59 years with no known heart disease or diabetes drawn from general
practices of 24 towns and reported that serum GGT was an independent predictor of CVD
mortality (33). Ruhl and Everhart analyzed the NHANES (1988-94) data to examine the
longitudinal association between elevated serum GGT (>51 U/L in men and > 33 U/L in
women) and all-cause mortality over a 12 year follow-up (until December, 2000) in US
(mean age 44 years) adults (13). In this study, the association between log transformed
serum GGT and CVD mortality was significant in age-adjusted analyses but did not remain
statistically significant after adjustment for potential confounding variables in multi-variable
analyses (13). They reported that elevated serum GGT predicts all-cause and liver mortality,
but not CVD mortality in multivariable analyses (13). In summary, the studies referred to in
this paper strongly suggest that serum GGT is predictive of incident CVD and all-cause
mortality in young and middle-aged adults (5). However, these studies provide unclear
evidence whether serum GGT in older adults increases all-cause and CVD mortality (13-
15).

J Clin Exp Hepatol. Author manuscript; available in PMC 2014 March 23.
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Association of age with serum GGT and mortality

Mechanism

Lee and colleagues conducted a nested case-control study derived from the Minnesota Heart
Survey with 5-12 years of follow-up and reported that serum GGT was a robust predictor of
mortality due to CVD in younger individuals, but did not predict mortality in individuals
aged 70 years or more (14). In addition, it was unclear whether serum GGT (within normal
range and/or elevated serum GGT) predicts mortality in older adults in a community-
dwelling cohort in the United States. This study provides new data that serum GGT both
within and above the normal range predicts all-cause and liver mortality upto 21 year
follow-up in older adults (median age of 72 years) residing in a suburban community in the
United States.

Previous studies have suggested that individuals with fatty liver have increased CVD
mortality (34-37). We have recently shown that GGT shares genetic co-determination with
NAFLD risk factors such as insulin resistance, uric acid, dyslipidemia, and hypertension (7).
Kozakova et al recently demonstrated that elevated GGT, as a component of the fatty liver
index, is an independent determinant of early atherosclerotic plaques (38). Haring and
colleagues showed that presence of hepatic steatosis is predictive of increased mortality
associated with serum GGT (39). It is plausible that serum GGT is an intermediate
phenotype that is linked to metabolic syndrome traits resulting in excess mortality via
several inter-linked metabolic pathways (5, 12 ). However, we speculate that there are
hitherto unknown underlying mechanisms that may be responsible for the association
between fatty liver (elevated serum GGT) and mortality. These mechanisms may be
independent of co-variates that were adjusted for in the multi-variate analyses in this study
and beyond the scope of this epidemiologic study (40). We believe that serum GGT is an
intermediate phenotype rather than causal in its association with mortality. However, it may
have value as a prognostic marker of occult fatty liver and long term risk of mortality (5).

Limitations and strengths of the study

We acknowledge several limitations to this study. The RBS cohort is mainly Caucasian and
therefore these findings may not be generalizable to other bio-geographic ethnic groups.
However, the homogeneity of our population is also a strength of our study that improves
the internal validity of our findings. The results are likely generalizable to other older white
men and women across the Western World. Individuals with other forms of chronic liver
disease were not identified due to lack of availability of anti-HCV and HBsAg. Based upon
NHANES data, the prevalence of anti-HCV and HBsAg seropositivity in suburban White
men and women in this age group is < 0.5% (41). Therefore, it is unlikely to bias the results
of our study. Additionally, misclassification of these individuals in the highest category
would bias the results towards the null. Liver biopsies could not be performed to evaluate
for liver disease in this population-based study because it is not feasible. Other limitations
common to our study and prior studies on this topic include: 1) single baseline measure of
exposure; 2) alcohol use ascertained by self-report. However, alcohol use has not been
associated with increased mortality in the Rancho Bernardo Study. Therefore, we believe
that association between serum GGT and mortality is independent of alcohol use, as seen in
other studies (12). A major strength of this study is that the median age of participants at
baseline was 72 years. This is considerably higher than previously published studies.
Therefore, these results are generalizable to the older White suburban US population, and
may have strong public health significance. Our findings suggest that serum GGT is
associated with excess mortality independent of metabolic syndrome risk factors in older
adults.
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Conclusions

We conducted a prospective cohort study in a community-dwelling cohort of older men and
women who were followed for up to 21 years (with a mean of 13.7 years of follow-up) and
found that serum GGT is an independent predictor, after adjusting for age, sex, alcohol,
BMI, total cholesterol, HDL cholesterol, serum triglyceride, smoking, systolic blood
pressure, diabetes mellitus, IL-6 and CRP, of all-cause, CVD, and liver mortality. The
association between serum GGT and increased mortality is independent of metabolic
syndrome traits and alcohol use. We believe that GGT is not a cause of increased mortality.
More likely, it is an intermediate phenotype or a marker for other processes for which better
understanding is needed. Future studies are needed to find the shared genetic and
environmental mechanistic links between serum GGT, metabolic syndrome traits, and
excess mortality.
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Figure 1c
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Figure 1.

Survival curves comparing participants with elevated serum gamma-glutamyltranspeptidase
(GGT) versus normal GGT at baseline who were followed for upto 21-years in the Rancho
Bernardo Study for all-cause (a), cardiovascular (b) and liver (c) mortality
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Table 2

Hazard ratios for all-cause, cardiovascular and liver mortality comparing elevated (>51 U/L in men and >30
U/L in women) gamma-glutamyltranspeptidase (GGT) versus normal GGT

N NORMAL GGT | ELEVATED GGT HR (95% CI) | PVALUE

All-cause Mortality

Age-sex adjusted 2364 Referent 1.67 (1.35-2.06) <.0001

Multivariate®-adjusted 1790 Referent 1.55 (1.21-1.98) 0005

CVD Mortality

Age-sex adjusted 2364 Referent 1.71 (1.26-2.32) .0006

Multivariate-IL-6 adjusted | 1790 Referent 1.51 (1.04-2.17) .0289

Liver Disease Mortality

Age-sex adjusted 2364 Referent 9.05 (4.04-20.27) <.0001

Multivariate#—adj usted 1790 Referent 9.10 (3.42-24.26) <.0001

HR; hazards ratio, Cl; confidence interval

Multivariate-model includes age-sex-alcohol-BMI-Total cholesterol-HDL cholesterol-serum triglyceride-smoking-systolic blood pressure-
diabetes mellitus, IL-6 and CRP.

A two-tailed p-value of less than 0.05 was considered statistically significant
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Table 3

The hazards associated with one log increment in serum gamma-glutamyltranspeptidase and all-cause,
cardiovascular and liver-related mortality in older adults

N LN GGT HR (95% CI) | PVALUE

All-cause Mortality

Age-sex adjusted 2364 1.28 (1.18-1.40) <.0001

Multivariate#—adjusted 1790 1.21 (1.09-1.34) .0004

CVD Mortality

Age-sex adjusted 2364 1.34 (1.19-1.51) <.0001

Multivariate-IL-6 adjusted | 1790 1.28 (1.10-1.49) .0017

Liver Disease Mortality

Age-sex adjusted 2364 2.41 (1.61-3.59) <.0001

Multivariate#—adjusted 1790 2.52 (1.52-4.17) .0003

LN; natural log transformed, HR; hazards ratio, Cl; confidence interval

Multivariate-model includes age-sex-alcohol-BMI-Total cholesterol-HDL cholesterol-serum triglyceride-smoking-systolic blood pressure-
diabetes mellitus, IL-6 and CRP.

A two-tailed p-value of less than 0.05 was considered statistically significant
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