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Gamma-Glutamyltransferase Rather Than Total Bilirubin
Predicts Outcome in Chronic Heart Failure
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ABSTRACT

Background: Gamma-glutamyltransferase (GGT) and total bilirubin (T-Bil) are elevated and of prognos-
tic significance in chronic heart failure (CHF). This study sought to compare these novel cardiovascular
risk markers in CHF.
Methods and Results: We evaluated 1,087 ambulatory patients from our heart failure program. Long-
term follow-up was available in 1,056 patients. The combined end point was defined as death of any cause
or heart transplantation. Prevalence of elevated GGT was 43% in men and 48% in women, that of T-Bil
17% and 8%, respectively. Both variables were significantly correlated with severity of heart failure. GGT
and T-Bil were associated with transplant-free survival in bivariate analysis (P values !.001 and .006,
respectively). However, GGT (hazard ratio [HR] 1.28, 95% confidence interval [CI] 1.13e1.44; P !
.001), but not T-Bil, remained an independent predictor of prognosis in the multivariate model. Also, cat-
egorized GGT levels beyond the gender-specific normal ranges were predictive of the combined end point
(HR 1.55, 95% CI 1.23e1.95). Elevation of both GGT and T-Bil further increased the risk of reaching the
end point (HR 2.57, 95% CI 1.74e3.18).
Conclusions: GGT and T-Bil are associated with disease severity in CHF. However, only GGT is inde-
pendently associated with adverse outcome. Our findings further highlight the clinical importance of
GGT in cardiovascular disease. (J Cardiac Fail 2011;17:577e584)
Key Words: g-Glutamyltransferase, bilirubin, heart failure, prognosis.
Heart failure (HF) is a systemic clinical syndrome char-
acterized by the involvement of multiple organ systems.
Secondary organ dysfunction is mostly attributed to im-
pairment of organ perfusion resulting from both
forward and backward failure. Liver function test (LFT)
abnormalities are frequently found in patients with
HF.1e3 Earlier studies indicate that chronic heart failure
(CHF) is characterized by a predominantly cholestatic en-
zyme pattern, whereas in acute HF elevation of
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transaminases prevails.4e9 We recently showed that preva-
lence of elevated geglutamyltransferase (GGT) is high in
CHF. Furthermore, GGT was an independent predictor of
transplant-free survival.10 Similarly, total bilirubin (T-Bil)
has been related to poor outcome in chronic11,12 and
acute13,14 HF. Indeed, consistency between these two cho-
lestatic enzymes in predicting prognosis is remarkable. T-
Bil has been suggested to be an antioxidant and is inversely
associated with the risk of myocardial infarction and prev-
alence and outcome of stroke.15,16 In contrast, GGT, which
is less specific for hepatobiliary injury, has been found to
be consistently associated with most cardiovascular risk
factors and cardiovascular mortality.17e22 Also, GGT ele-
vation in healthy subjects, even within the normal range,
was shown to independently predict new-onset HF.23

Given the frequent elevation of both enzymes in patients
with CHF and their inexpensive and easily accessible tests,
GGT and T-Bil are of great interest as potential biomarkers
in CHF. Whether GGT and T-Bil are of similar predictive
value or even provide additive information in CHF is still
pending. In the present study, therefore, we aimed to
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investigate the role of GGT and T-Bil in CHF and to test for
potentially incremental prognostic information of both en-
zymes.

Methods

Study Population

For this retrospective analysis that comprised 1,087 patients
with both GGT and T-Bil available, we made use of a data set con-
sisting of 1,302 caucasian HF patients that were recruited prospec-
tively for a clinical database between April 2000 and November
2009 at the specialized HF clinic of a university hospital in west-
ern Austria. Eligible patients were $18 years of age. The diagno-
sis of CHF was based on the presence of current or previous
symptoms or characteristic clinical signs, and evidence of left ven-
tricular dysfunction. Patients were included regardless of the un-
derlying cause of HF and were treated according to prevailing
CHF guidelines. Patients were followed up to December 2009
(time point of data censoring) or to the occurrence of death or
heart transplantation before then. Death events were retrieved
from the Tyrolean Mortality Registry and from personal contacts
with members of patient families. Follow-up information was
available in 1,056 patients (97.1%).

Measurements

Blood was drawn at study entry from all patients. All laboratory
variables were measured by a central laboratory that undergoes
regular internal and external quality audits. Serum T-Bil and
GGT were measured at 25�C with a Roche/Hitachi analyzer until
2003, and thereafter at 37�C with a Modular P800 analyzer using
reagents from Roche Diagnostics. Measurements were performed
in fasting blood samples on the day of blood collection and are
given as U/L for GGT and mmol/L for T-Bil. The upper laboratory
reference limits differed by gender for GGT (65 U/L in men and
38 U/L in women). T-Bil upper limits were 21.9 mmol/L for both
genders. Laboratory results before 2003 were adjusted accordingly
to results obtained at 37�C by using recommended multiplication
factors.
Transthoracic echocardiography was performed in all partici-

pants, and left ventricular ejection fraction, as measured by the bi-
plane Simpson rule, and severity of tricuspid regurgitation were
evaluated. Systolic pulmonary artery pressure was derived either
from transthoracic Doppler echocardiography using the Bernoulli
equation or from Swan-Ganz catherization measurements.

Statistical Analyses

Gender-specific prevalences of elevated GGT and T-Bil levels
are given for the entire study group as well as for various patient
subgroups. Differences between groups were tested by applying
Kruskal-Wallis and chi-square tests. Assessment of the prognostic
relevance of GGT and T-Bil for transplant-free survival was
performed using gender-stratified Cox proportional hazards re-
gression analyses. Models were run in both bivariate and multivar-
iate manners. Selection of variables for the multivariate Cox
proportional hazards regression analyses was based on clinical rel-
evance and data from the existing literature. Kaplan-Meier trans-
plant-free survival curves for patients stratified according to
gender-specific cutoff levels of T-Bil and GGT are shown and
compared with the log-rank test. All parametric analyses were per-
formed on natural logarithm-transformed LFT, owing to their
skewed distribution. Results of end point and gender-stratified
Kolmogorov-Smirnov testing for normality as well as inspection
of Q-Q plots indicated approximately normal distribution for all
log-transformed variables. P values of !.05 were considered to
indicate statistical significance. Statistical analysis was performed
using the SPSS software package (v 17.0 for Windows; SPSS
Corp).

Results

Clinical Characteristics

Characteristics of study patients are shown in Table 1.
Out of 1,087 patients, 329 (30.3%) had HF of ischemic
and 758 (69.7%) of nonischemic origin. The study popula-
tion comprised 809 (74.4%) men and 278 (25.6%) women;
median age was 61 years (range 18e94).

LFT Levels in HF

Prevalence of elevated GGT was 48.1% in women com-
pared with 42.9% in men (overall prevalence 44.2%). Me-
dian GGT was 53 U/L (interquartile range [IQR] 30e111)
in men and 36 U/L (IQR 21e70) in women. Interestingly,
the proportion of patients with elevated T-Bil was more
than twice in men (17.4%) than in women (7.6%; P !
.001; overall 14.9%). Median T-Bil was 10.3 mmol/L
(IQR 7.5e14.5) in women and 12.9 mmol/L (IQR
9.2e18.2) in men.

The prevalence of elevated levels of GGT and T-Bil was
similarly high in young (!65 y) and elderly ($65 y) pa-
tients (44.5% vs 43.8%, and 15.6% vs 14.5%, respectively)
and in patients with ischemic and nonischemic cardiomy-
opathy (45.7% vs 43.5% and 16.8% vs 14.2%, respec-
tively). Prevalence of both enzymes was significantly
higher in patients with impaired (!40%) left ventricular
ejection fraction (46.9% vs 35.8% for GGT [P ! .05]
and 16.5% vs 8.9% for T-Bil [P! .05]). As expected, prev-
alence of GGT elevation was significantly higher in patients
with a history of alcohol consumption (53.8% vs 39.9%;
P ! .001), although the corresponding percentage in non-
alcohol consumers with CHF was still higher than reported
in healthy subjects (18.6% in men, 19.2% in women).20

Correlates of GGT and T-Bil

Because in this ambulatory study population only a mi-
nority of patients were classified as New York Heart Asso-
ciation (NYHA) functional class IV (n 5 17; 1.4%),
patients in NYHA functional classes III and IV were pooled
for further analysis (NYHA I 25.1%, II 47.5%, III/IV
27.4%). Median levels of GGT and T-Bil clearly increased
with every NYHA functional class (Fig. 1). The differences
between groups were significant for both men and women
(P ! .001). Moreover, in a subgroup of 669 patients with
measurements of amino-terminal proeB-type natriuretic
peptide (NT-proBNP) available, GGT and T-Bil levels
were closely related to increasing quintiles for NT-
proBNP (P ! .001). Also, GGT and T-Bil were associated
with aspartate aminotransferase (AST) and alanine amino-
transferase (ALT; P ! .05).



Table 1. Patient Characteristics

Variable

Death or Heart Transplantation

All Subjects GGT�/T-BIL� GGT�/T-BILþ GGTþ/T-BIL� GGTþ/T-BILþ
n 5 1,087 n 5 545 n 5 47 n 5 380 n 5 115

Median or % IQR Median or % IQR Median or % IQR Median or % IQR Median or % IQR

Demographic and clinical characteristics
Age (y) 61 52e69 61 51e69 64 53e70 62 53e69 62 55e68
Gender (male) 74.4% 75.8% 95.7% 67.9% 83.5%
LVEF (%) 29 22e39 29 23e40 28 20e33 28 22e37 25 20e31
Heart rate (bpm) 75 65e86 72 62e83 75 68e92 76 66e88 80 72e93
Systolic BP (mm Hg) 120 110e140 125 110e140 120 110e130 120 110e140 115 105e130
BMI (kg/m2) 25.4 23.0e28.3 25.3 23.0e28.1 26.4 23.0e29.3 25.4 23.0e28.6 25.7 23.6e28.0
NYHA I 25.1% 28.4% 34.1% 19.8% 10.4%
NYHA II 47.5% 50.8% 40.4% 47.1% 44.3%
NYHA III/IV 27.4% 20.8% 25.5% 33.1% 45.3%
Hospitalization for HF (within the

past 12 mo)
61.3% 57.3% 61.9% 70.1% 73.8%

Ischemic etiology 30.3% 29.9% 25.5% 29.5% 37.4%
A-Fib 26.4% 19.2% 42.6% 30.5% 47.8%

Medical history
Hypertension 46.5% 45.4% 48.9% 50.3% 36.4%
Diabetes 19.9% 17.5% 27.7% 21.6% 28.1
Reported alcohol consumption 29.9% 25.2% 23.9% 38.8% 28.6%

Medical testing (serum)
T-Bil (mmol/L) 12.3 8.8e17.1 10.2 7.7e13.9 27.2 23.4e31.2 12.2 9.2e16.0 29.9 24.3e36.5
GGT (U/L) 49 27e98 29 21e39 33 25e48 102 76e160 121 84e261
NT-proBNP (ng/L) 1191 406e3007 908 291e2165 1380 503e3038 1785 702e4035 2811 1350e6422
GFR (mL min�1 1.73 m�2) 74.1 57.6e93.5 75.1 59.0e93.3 78.9 63.7e91.1 70.0 54.7e90.8 68.0 54.0e88.3

Medication
ACE inhibitor/ARB 80.8% 78.3% 87.2% 86.3% 87.0%
Beta-blocker 61.8% 59.9% 63.8% 63.3% 63.5%
Aldosterone antagonist 27.7% 22.6% 23.4% 32.7% 43.5%
Diuretic 69.8% 62.5% 68.1% 80.6% 86.1%
Amiodarone 13.2% 12.6% 19.5% 11.7% 17.8%
Statins 36.7% 38.5% 27.8% 37.7% 27.1%

GGT, g-glutamyltransferase; T-Bil, total bilirubin; GGT�, gender-specific enzyme levels within the ‘‘normal ranges’’ (men #65 U/L, women #38 U/L); GGTþ, elevated enzyme levels. The corresponding
cutoff level for T-Bil�/þ was set at 21.9 mmol/L for both genders; LVEF, left ventricular ejection fraction; BP, blood pressure; BMI, body mass index; A-Fib, atrial fibrillation; NT-proBNP, amino-terminal proeB-
type natriuretic peptide; GFR, glomerular filtration rate; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker. Data from 1,087 patients are reported as number (percentage) or median (in-
terquartile range [IQR]). Data for NT-proBNP were available in 669 and data for amiodarone and statins in 1,022 patients. For all other variables, !5% of data was missing.
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Fig. 1. Total bilirubin (T-Bil) and g-glutamyltransferase (GGT) levels stratified according to New York Heart Association (NYHA) func-
tional class at study entry. T-Bil and GGT levels are presented as box (25th percentile, median, 75th percentile) and whisker (10th and 90th
percentile) plots.
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A significant stepwise increase of median levels of GGT
and T-Bil was also seen with increasing categories of
pulmonary artery pressure (!35, 35e45, 46e60, O60
mm Hg; P ! .001 for both parameters) and severity of tri-
cuspid regurgitation (none, mild, moderate, severe; P !
.001 for both parameters). GGT and T-Bil levels were
also elevated in patients with jugular venous distension
and peripheral edema (P ! .001 for both).

Prediction of Transplant-Free Survival in Patients With
HF

Median follow-up time was 39 months (IQR 18e70). A
total of 276 patients (25.4%) died, and 85 (7.8%) under-
went heart transplantation as their first event.

In bivariate gender-stratified Cox regression analysis,
both GGT and T-Bil either as continuous (per ln unit in-
crease) or as categoric variables (according to gender-
specific cutoff points suggested by the manufacturer)
were significant predictors of death or heart transplanta-
tion. When variables were categorized in quintiles, there
was a graded relationship between the risk of death or
heart transplantation and the levels of GGT and T-Bil.
Adjusted relative risk of death or heart transplantation ac-
cording to quintiles of GGT and T-Bil (corresponding
quintiles for both genders were pooled) are shown in
Figure 2. Each quintile of GGT was significantly associ-
ated with an increased event risk compared with the low-
est quintile (second quintile: hazard ratio [HR] 1.76, 95%
confidence interval [CI] 1.19e2.59; third quintile: HR
1.87, 95% CI 1.27e2.75; fourth quintile: HR 2.47, 95%
CI 1.71e3.57; and fifth quintile: HR 3.37, 95% CI
2.36e4.82). In contrast, only the fourth and fifth quintiles
of T-Bil were associated with a significantly increased
event rate (HR 1.55 [95% CI 1.10e2.19] and HR 1.87
[95% CI 1.34e2.62], respectively).

Neither ALT (HR 1.25, 95% CI 0.97e1.61]) nor AST
(HR 0.89, 95% CI 0.73e1.09]) could predict transplant-
free survival in bivariate gender-stratified Cox regression
analysis.

In a multivariate gender-stratified model that included
relevant clinical and laboratory predictors, GGT per ln
unit (HR 1.28, 95% CI 1.13e1.44; P ! .001), but not
T-Bil per ln unit (HR 1.10, 95% CI 0.90e1.35; P 5 .35),
proved to be an independent predictor of transplant-free
survival (Fig. 3). To compensate for the different numbers
of patients with elevated GGT and T-Bil, the same model
was recalculated with both variables included as gender-
specific quintiles. In this model, the highest quintile of
GGT was associated with a significant risk (HR 2.12,
95% CI 1.42e3.16) of death or heart transplantation com-
pared with a nonsignificant risk (HR 1.24, 95% CI
0.85e1.79; P 5 .26) for the highest quintile of T-Bil.

In unadjusted receiver operating characteristic (ROC)
analysis of GGT and T-Bil, GGT could differentiate with
higher precision between patients who died or underwent
heart transplantation and those who did not. The area under
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Fig. 2. Gender-adjusted relative risks of death and heart transplantation according to quintiles of (A) total bilirubin (T-Bil) and (B)
g-glutamyltransferase (GGT).
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the ROC curve generated for GGT (0.68, 95% CI
0.62e0.75, in women; 0.65, 95% CI 0.61e0.68, in men)
was higher than that for T-Bil (0.60, 95% CI 0.56e0.63).
Optimal cutoff values to predict the combined end point,
determined as the level with the largest sum of sensitivity
plus specificity, were 36.5 U/L for women and 70.5 U/L
for men for GGT and 14.4 mmol/L for T-Bil.
Fig. 3. Multivariate gender-stratified Cox regression analysis for death a
intervals (CIs) are shown in a forest plot. T-Bil, total bilirubin; GGT, g-g
ejection fraction; NYHA, New York Heart Association; GFR, glomerul
To test for a potential additive value of T-Bil in the
prediction of transplant-free survival, patients were classi-
fied according to their enzyme values. Event rates were
calculated by the Kaplan-Meier analysis according to
combined gender-specific cutoff levels of T-Bil and
GGT and compared with the log-rank test. The estimated
5-year event rate in patients with both enzymes below
nd heart transplantation. Hazard ratios (HRs) and 95% confidence
lutamyltransferase; BMI, body mass index; LV-EF, left ventricular
ar filtration rate.



Fig. 4. Separate and additive value of g-glutamyltransferase (GGT) and total bilirubin (T-Bil) in predicting outcome. Kaplan-Meier trans-
plant-free survival curves for patients stratified according to gender-specific cutoff levels of T-Bil and GGT are shown and compared
with the log-rank test. Cutoff level for GGT 5 65 U/L in men and 38 U/L in women; cutoff level for T-Bil 5 21.9 mmol/L for
both genders.
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the cutoff was 23.3%, compared with 49.6% when both
markers were elevated (HR 2.36, 95% CI 1.74e3.18;
P ! .001; Fig. 4). In the group with elevated GGT,
a T-Bil level O21.9 mmol/L raised the estimated 5-year
event rate to 49.6%, compared with 34.8% in patients
with T-Bil levels within the normal range; the difference
between groups was significant (HR 1.52, 95% CI
1.13e2.04; P 5 .005; Fig. 4). Interestingly, in patients
with normal GGT levels, event rate was lower in those
with elevated T-Bil (17.4%) compared with patients pre-
senting with both enzymes within the normal ranges
(23.3%; HR 0.76, 95% CI 0.41e1.41; P 5 .38). It has
to be mentioned, though, that the former group com-
prised only 47 patients.

Discussion

The present study is the first to demonstrate that GGT,
but not T-Bil, is an independent predictor of prognosis in
patients with stable HF. However, considering T-Bil in ad-
dition to GGT substantially improves risk stratification in
this population.
Several lines of evidence support the disparity between
GGT and T-Bil for risk stratification in CHF. Comparison
of adjusted risks of death or heart transplantation and
Kaplan-Meier analysis according to quintiles of both en-
zymes showed that GGT was a better marker of separating
high- and low-risk patients. In a multivariately adjusted
Cox regression analysis, GGT, but not T-Bil, remained in-
dependently associated with transplant-free survival. Fur-
thermore, ROC curve analyses showed that GGT could
predict the end point with higher precision. When patients
were categorized according to gender-specific cutoff points
of both enzymes as suggested by the manufacturer, only di-
chotomized elevation of GGT levels was predictive of the
combined end point. However, concomitant elevation of
T-Bil substantially improved risk stratification. These find-
ings suggest that measurement of GGT represents a more
effective tool for risk stratification than T-Bil in patients
with stable HF.

Reasons for this difference, however, remain speculative.
Prevalence of elevated levels of GGT (46%) and T-Bil
(15.2%) was clearly higher in this cohort of patients with
stable HF than in healthy subjects (19% for GGT10,20 and
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3.2% for T-Bil24), which is in line with the existing litera-
ture.7,8,10,11,20,24 Similarly, elevations in both enzymes
were associated with severity of the HF syndrome as as-
sessed by NYHA classification and NT-proBNP levels. Fur-
thermore, both T-Bil and GGTwere correlated with signs of
congestion and right-side HF. Supporting evidence for the
notion that backward rather than forward failure is the pre-
dominant cause of GGT and T-Bil elevation in CHF comes
from a recent hemodynamic study25 as well as from a close
correlation between these enzymes and severity of tricuspid
regurgitation.26 Therefore, differences in the predictive
accuracy between GGT and T-Bil can not be explained by
differences in their relation with disease severity and
right-side HF, both of which have been associated with ad-
verse prognosis.27,28

A possible explanation for the difference may be found
in the enzymes’ associations with cardiovascular risk fac-
tors and diseases. Bilirubin is inversely associated with
the risk of myocardial infarction and prevalence and out-
come of stroke.15,16,29,30 Similarly, individuals with Gil-
bert syndrome who have mildly elevated bilirubin levels
were found to have an ischemic heart disease rate of
2% compared with 12% in the general population.31 Bil-
irubin acts as an antioxidant whether it is unconjugated,
conjugate, free, or albumin bound and is a more effective
protector of human ventricular myocytes than several
known antioxidants.30,32 This indicates a potential protec-
tive role of mildly elevated levels of bilirubin and may
explain why in our study patients with isolated elevation
of T-Bil showed a trend for better outcome compared
with patients with T-Bil and GGT within normal ranges.
Clearly, this interesting finding needs to be confirmed in
larger cohorts.
In contrast, GGT, which is less specific for hepatobiliary

injury, has been found to be consistently associated with
most cardiovascular risk factors, such as hypertension, dia-
betes, and the metabolic syndrome, and with cardiovascular
mortality.17e22 Also, recent data from the Framingham off-
spring study indicate that in apparently healthy subjects,
higher serum GGT concentrations, even within the normal
range, are associated with greater risk of HF and incremen-
tally improve prediction of HF risk.23 GGT elevation has
also been associated with systemic inflammation, oxidative
stress, and endothelial dysfunction.33e35

Thus, GGT, unlike bilirubin, may not only mirror disease
severity and hemodynamic perturbations, but may also act
as an indicator of comorbidities, systemic inflammation,
and oxidative stress, all of which definitely contribute to
disease progression and poor outcome.
This conclusion may appear to contradict previous data

from our group and others that indicated an independent
association of bilirubin with outcome in patients im-
planted with an assist device13 or with decompensated
HF.14 However, mechanisms underlying disease progres-
sion in severe and acute HF are definitely different from
those in chronic HF. In acute HF, a marked rise in biliru-
bin typically indicates severe liver dysfunction, also
referred to as ischemic hepatitis, that results from back-
ward and forward HF. In this setting, severity of second
organ dysfunction, rather than comorbidities, determines
short- to mid-term prognosis.

Strengths and Limitations

We investigated a large unselected cohort of well defined
patients with CHF by using a longitudinal design with
a long follow-up time and comprehensive adjustment for
covariates at baseline. However, several limitations must
be noted. Except for NT-proBNP, we did not measure
markers of neurohormonal activation, systemic inflamma-
tion (eg, cytokines), or oxidative stress, which could have
helped to further delineate the differences between GGT
and T-Bil. Other than a thorough medical history and base-
line LFT, no additional information on liver pathology, such
as hepatitis serology or liver imaging, was available. Pa-
tients were not monitored for changes in medication and/
or device implantation during follow-up. This may consti-
tute a potential source for confounding of the study results,
even though medication was well balanced at baseline.

Summary

The present study strongly suggests that GGT, but not
bilirubin, is independently associated with transplant-free
survival in CHF. Elevation of both GGT and T-Bil, how-
ever, indicates a significant increase in risk. Consideration
of easily and inexpensive LFTs may improve the early as-
sessment of patients with stable HF.
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