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A B S T R A C T

Background: Lifestyle seems to play an important role in endometrial cancer mortality, but it remains

unclear which biomarkers are involved. The aim of this study was to assess the extent of the association

between lifestyle-related biomarkers and the survival of endometrial cancer patients. Methods: A sub-

cohort of 242 endometrial cancer patients, from a population-based study of the more than 90,000

female participants of the Vorarlberg Health Monitoring and Promotion Programme, was followed for a

median duration of twelve years. Besides age, tumour staging, and histology, also pre-diagnostic levels of

body mass index, blood pressure, triglycerides, total cholesterol, glucose, gamma-glutamyltransferase

(GGT), and serum uric acid were analysed in Cox proportional hazards regression models to estimate

multivariate mortality risks. Results: During follow-up 89 deaths occurred of which 49 were cancer-

related. Survival was associated with age, tumour stage, and histology. Of the biomarkers, log10-

transformed GGT showed a large effect on cancer-related mortality (HR = 3.35, 95% CI 1.12–10.03),

whereas the other parameters did not appear with significant effects after adjustment for the other

factors. Conclusion: Elevated level of GGT, a lifestyle-related marker, was associated with poor survival

among endometrial cancer patients.

� 2013 Published by Elsevier Ltd.
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1. Introduction

Endometrial cancer is the sixth most common incident cancer
in women worldwide, with an age-standardised incidence of 8.2
per 100,000 women per year. In Western Europe and North
America the rates are higher with 11.2 and 16.4 per 100,000
respectively [1]. Recent 5-year relative survival in the United States
of America is estimated at about 80% overall [2], but decreases
dramatically for advanced stages. Most endometrial carcinomas
are adenocarcinomas [3] and staged surgically with the FIGO
system [4]. Commonly treatment involves surgery and, in an
adjuvant setting, chemotherapy, radiotherapy or a combination of
both [5]. The incidence of this cancer type is known to be clearly
positively associated with obesity [6], but risk factors also include
increasing age, unopposed oestrogen therapy, nulliparity, diabetes,
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and hypertension [7]. However, the specific determinants of
patients’ survival is still widely unexplored and the role of lifestyle
only beginning to become unravelled.

Cancer mortality in general has been associated with lifestyle-
related factors like smoking and nutrition, but there is evermore
interest in lifestyle-related biomarkers, for aetiological and for
prognostic reasons. For example, an association has been reported
between elevated gamma-glutamyltransferase (GGT) and general
cancer mortality from a USA population study [8]. GGT seems to be
involved in tumour progression by oxidative stress pathways [9–
11] and it is a marker of excessive alcohol intake [12]. Alcohol
consumption, metabolic factors, and oxidative stress have been
linked to the cancer process [13].

High blood pressure, high blood glucose, overweight, and high
cholesterol are among the most important risk factors related to
overall mortality worldwide and probably involved in a large
amount of cancer deaths [14]. In the Me-Can project several of
these metabolic factors were found to be associated with mortality
from specific cancers [15,16]. Specifically, fatal uterine corpus
cancer was related to body mass index and to a lesser extent
associated with blood pressure, glucose and triglycerides [17].
Furthermore, in a review of the associations of serum uric acid and
GGT, these two metabolic and oxidative stress markers also
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Table 1
Baseline characteristics of the study participants (n = 242).

Average n

Age (years) 61.0 (9.8)a

Body mass index (kg/m2) 28.5 (5.8)a

�30 kg/m2 82 (34%)

Blood pressure (mmHg)

Systolic 145 (22)a

Diastolic 86 (12)a

SBP � 140 or DBP � 90 mmHg 168 (69%)

Triglyceridesb (mg/dl) 124 (90–173)c

�100 mg/dl 159 (66%)

Total cholesterolb (mg/dl) 236 (44)a

�240 mg/dl 103 (43%)

Glucose (mg/dl) 102 (34)a

�126 mg/dl 34 (14%)

GGTb (U/l) 23.3 (17.9–32.2)c

�18.0 U/l 171 (71%)

Serum uric acidd (mg/dl) 5.06 (1.30)a

�6.0 mg/dl 47 (22%)

DBP: diastolic blood pressure; GGT: gamma-glutamyltransferase; n: number; SBP:

systolic blood pressure.
a Mean (standard deviation).
b Missing value: n = 1.
c Median (inter-quartile range).
d Missing value: n = 24.
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appeared to be independent factors involved in cancer incidence,
with elevated levels related to higher cancer risks [18].

The potential effect of lifestyle-related biomarkers, particularly
on the survival of endometrial cancer patients, is still unclear.
Recently, a retrospective multi-centre study did actually find a
doubled mortality risk of endometrial cancer patients with
elevated GGT levels, but unfortunately no other lifestyle factors
were included in the analyses [19]. Our study data includes more
pre-therapeutically measured markers of endometrial cancer
patients, that is body mass index, hypertension, triglycerides,
total cholesterol, glucose, GGT and serum uric acid, all of which are
linked to long-term behavioural patterns. The aim of the present
study was to simultaneously investigate, to our knowledge for the
first time, the association of these lifestyle-related biomarkers
with the overall survival and the cancer-related mortality of
endometrial cancer patients.

2. Materials and methods

2.1. Study population

The endometrial cancer patients of this study are a sub-cohort
from the Vorarlberg Health Monitoring and Promotion Programme
(VHM&PP) in which longitudinal health examination data in
relation to cardiovascular and cancer events have been prospec-
tively gathered for more than 25 years. VHM&PP is one of the
world’s largest population-based risk factor surveillance pro-
grammes [20] and several general relationships of body mass
index, glucose, triglycerides, cholesterol, GGT, and serum uric acid
with cancer have already been reported [18,21–24]. Since 1985 all
adults in the region were invited to participate and repeated
routine health examinations are subsequently performed by
trained physicians. Follow-up included the gathering of death
certificate data, based on a well established system with high rates
of autopsies. Informed consent was obtained from all participants
at each examination visit and the relevant research ethical
committee has given its approval (Ethikkommission des Landes
Vorarlberg, EK-Nr. 2006-6/2).

2.2. Patients and measurements

Among the 94,805 female participants of VHM&PP included in
the programme between 1985 and 2003, we extracted the sub-
cohort of 318, histologically confirmed, primary endometrial
cancer cases (ICD-10 C54.1), thus without any earlier carcinoma
episode. Of these, only 242 patients were included in the current
study because they had an exposure measurement of less than 5
years before the cancer diagnosis (of these 242 participants, 48%
had a diagnosis within one year after the examination and 71%
within two years). Information was available on pre-diagnostic
levels of body mass index, systolic and diastolic blood pressure,
triglycerides, total cholesterol, glucose, GGT (measured at 37 8C),
and serum uric acid as the baseline measurement. Due to their
non-normal distribution, triglycerides, and GGT were log10-
transformed. When GGT was categorised, the cut-off level was
set at 18.0 U/l (upper normal level). Following World Health
Organization and International Society of Hypertension [25], we
defined hypertension by systolic blood pressure above 140 mmHg
and/or diastolic blood pressure above 90 mmHg. The follow-up for
the current study ended with emigration or loss to follow-up, at
death, or at the end of the study period on 31st December 2009.

2.3. Statistical analysis

Cox proportional hazards regression models were used to
estimate hazard ratios (HRs) and the accompanying 95%
Please cite this article in press as: Edlinger M, et al. Lifestyle-related
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confidence intervals (CIs). We investigated overall and cancer-
related mortality, first by applying univariate models resulting in
crude estimates. In addition, a Kaplan–Meier plot was constructed
to reveal the univariate effect of GGT on cancer-related mortality
and the difference between categories was tested with a logrank
test. Secondly, we calculated restricted multivariate models of one
biomarker adjusted for the known relevant risk factors age,
tumour-staging (FIGO) and histology, together with the examina-
tion year. Finally, a full model of all variables was fitted, including
body mass index, hypertension, triglycerides, total cholesterol,
glucose, GGT, and uric acid simultaneously. In the regression
models age and examination year were rescaled to attain risk
estimates per unit of 10 years. The histology subgroup of serous
and clear cell tumours among the adenocarcinoma did not show
different risk estimates, so it is not considered separately in the
results. Also, since for several patients the histology was unknown,
a sensitivity analysis was conducted to compare the multivariate
results of all-cause mortality with and without this subgroup.
Furthermore, in a separate analysis effect modification of FIGO
stage on the association between GGT and mortality was tested by
adding an interaction term in the models, but no significant effect
was found.

Missing data among some biomarker measurements were
imputed since this is to be preferred to complete case analysis with
fewer cases [26]. Imputation was performed using the median
level of the other patients [27]. In a comparison of the results with
and without imputation the estimates hardly changed, only the
precision differed. A two-sided p-value of less than 5% was
considered as statistically significant. The statistical analyses were
performed with SPSS 17.

3. Results

3.1. Patients

The 242 study participants were between 35 and 90 years old at
the time of diagnosis, with a mean of 61 years. Table 1 shows
details of the women’s distributions of the variables body mass
index, blood pressure, triglycerides, total cholesterol, glucose, GGT,
and serum uric acid. A third of the patients were obese, two thirds
had hypertension, two thirds showed a high level of triglycerides,
43% had high cholesterol values, 14% had high glucose levels,
 biomarkers and endometrial cancer survival: Elevated gamma-
y (2013), http://dx.doi.org/10.1016/j.canep.2012.12.003

http://dx.doi.org/10.1016/j.canep.2012.12.003


Table 2
Clinicopathological parameters and follow-up data of the study participants

(n = 242).

FIGO stage, n (%)

I 164 (68%)

II 50 (21%)

III or IV 28 (12%)

Histology, n (%)

Adenocarcinoma 189 (78%)

Adenosquamous carcinoma 16 (7%)

Squamous cell carcinoma 1 (0%)

Unknown 36 (15%)

Follow-up (years)

Median (IQR) 11.9 (7.3–16.3)

Total 2861 person-years

Deaths, n (%)

All-cause 89 (37%)

Cancer-related 49 (20%)

Related to cancer of the genital organs 41 (17%)

IQR: inter-quartile range; n: number.
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almost three quarters appeared with high or elevated GGT levels,
and among a fifth of the patients hyperuricaemia was an issue.
About two thirds of the patients were classified in FIGO stage I, 21%
in stage II, and 12% in stages III and IV combined (Table 2).
Regarding histology, more than three-quarters concerned adeno-
carcinoma and 7% adenosquamous carcinoma. During 2861
person-years of follow-up, on average nearly 12 years per
participant, 89 all-cause and 49 cancer-related deaths occurred,
of which 28 were malignant neoplasms of genitourinary organs
(ICD-9 179-189), 13 of female genital organs (ICD-10 C51-C58),
and 8 non-genital.

3.2. All-cause mortality

In the univariate analyses of all-cause mortality, age, stage, and
histology showed significant effects (HR = 2.13 [95% CI 1.71–2.65],
HR = 2.48 [95% CI 1.90–3.22], HR = 2.17 [95% CI 1.07–4.39], and
HR = 2.85 [95% CI 1.77–4.60] respectively), which also applied for
hypertension (HR = 2.30, 95% CI 1.34–3.95), triglycerides
(HR = 4.00, 95% CI 1.51–10.55), and GGT (HR = 2.51, 95% CI
1.24–5.10) (Table 3). In the restricted models, with adjustment
for age, year, stage and histology, the risk estimates of hyperten-
sion (HR = 1.51, 95% CI 0.87–2.60), and triglycerides (HR = 1.40,
95% CI 0.48–4.05) were no longer significant, whereas GGT still had
a more than two-fold mortality risk per log10-unit elevation
(HR = 2.28, 95% CI 1.04–5.02). In the full multivariate model,
adjusting for all covariates simultaneously, the effects of age, stage,
Table 3
Crude and adjusted risk estimates of all-cause mortality.

Exposure Univariate models 

HR (95% CI) 

Age (years), per 10 years 2.13 (1.71–2.65) 

Examination year, per 10 years 0.79 (0.49–1.26) 

FIGO stage (stage I = ref)b 2.48 (1.90–3.22) 

Histology (adenocarcinoma = ref)

Adenosquamous carcinoma 2.17 (1.07–4.39) 

Squamous cell carcinoma/unknown 2.85 (1.77–4.60) 

Body mass index (kg/m2) 1.028 (0.994–1.063) 

Hypertension (yes vs. no) 2.30 (1.34–3.95) 

log10(Triglycerides) (mg/dl) 4.00 (1.51–10.55) 

Total cholesterol (mg/dl) 1.001 (0.997–1.006) 

Glucose (mg/dl) 1.005 (0.999–1.010) 

log10(GGT) (U/l) 2.51 (1.24–5.10) 

Serum uric acid (mg/dl) 1.159 (0.977–1.376) 

CI: confidence interval; HR: hazard ratio; GGT: gamma-glutamyltransferase; ref: refere
a Models containing the biomarker in question adjusted for age, examination year, s
b Categories: stage I (ref), stage II, and stages III and IV combined.
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and histology were retained in comparison to the univariate
results. The GGT effect also changed only marginally after
adjustment for all covariates (HR = 2.37, 95% CI 1.01–5.56).

3.3. Cancer-related mortality

For cancer-related mortality, age showed a significant univari-
ate effect (HR = 1.55, 95% CI 1.16–2.08), as did stage (HR = 3.16, 95%
CI 2.25–4.45) and the ‘‘squamous cell carcinoma/unknown’’
category of histology (HR = 4.66, 95% CI 2.59–8.39) (Table 4).
GGT (HR = 3.01, 95% CI 1.20–7.57) also showed a significant
univariate effect (Fig. 1). In the restricted model the GGT effect
estimate stayed at the same level (HR = 3.27, 95% CI 1.17–9.19).
After adjustment for all covariates the associations of age and
histology remained, but FIGO stage showed a weaker effect
(HR = 2.72, 95% CI 1.88–3.95): an almost three-fold risk for FIGO
stage II and a more than seven-fold risk for the higher stages (stage
III and IV combined), compared to the reference. For GGT also a
significant effect was found (HR = 3.35, 95% CI 1.12–10.03). When
categorising GGT into groups with 18 to <36 and �36 U/l,
compared to the group <18 U/l as the reference, the adjusted
estimates were HR = 2.03 (95% CI 0.84–4.93) and HR = 3.03 (95% CI
1.10–8.30) respectively. The multivariate effect of increasing
(log10-transformed) GGT levels on the cancer-related mortality
risk, with the GGT level of 5 U/l as the reference (relative risk of
1.00) is shown in Fig. 2.

4. Discussion

In this large-scale population-based study the effect of the
biomarkers body mass index, hypertension, triglycerides, choles-
terol, glucose, GGT, und uric acid was investigated, to our
knowledge for the first time, simultaneously in relation to
endometrial cancer survival. Beside some significant univariate
associations, the relation between GGT and mortality remained
statistically significant after adjustment, pointing to an indepen-
dent effect of GGT on survival of endometrial carcinoma patients.
GGT exhibited a tripled risk per log10-unit increase of cancer-
related mortality (e.g. from 5 to 50 U/l or from 10 to 100 U/l).
Furthermore, age, FIGO stage, and histology were important
factors.

4.1. Gamma-glutamyltransferase

The finding of an association between GGT and endometrial
cancer survival was also reported by Seebacher et al., although
Restricted multivariate modelsa Full multivariate model

HR (95% CI) HR (95% CI)

2.18 (1.69–2.82)

0.68 (0.40–1.16)

2.19 (1.62–2.94)

2.09 (0.89–4.89)

3.07 (1.78–5.29)

0.989 (0.953–1.025) 0.974 (0.933–1.017)

1.51 (0.87–2.60) 1.54 (0.85–2.76)

1.40 (0.48–4.05) 1.16 (0.36–3.71)

1.000 (0.996–1.005) 0.999 (0.993–1.004)

0.998 (0.992–1.004) 0.997 (0.990–1.003)

2.28 (1.04–5.02) 2.37 (1.01–5.56)

1.067 (0.906–1.258) 1.064 (0.904–1.253)

nce.

tage, and histology.
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Table 4
Crude and adjusted risk estimates of cancer-related mortality.

Exposure Univariate models Restricted multivariate modelsa Full multivariate model

HR (95% CI) HR (95% CI) HR (95% CI)

Age (years), per 10 years 1.55 (1.16–2.08) 1.53 (1.09–2.15)

Examination year, per 10 years 1.25 (0.68–2.29) 1.14 (0.57–2.27)

FIGO stage (stage I = ref)b 3.16 (2.25–4.45) 2.72 (1.88–3.95)

Histology (adenocarcinoma = ref)

Adenosquamous carcinoma 1.48 (0.45–4.90) 1.31 (0.34–5.12)

Squamous cell carcinoma/unknown 4.66 (2.59–8.39) 4.48 (2.25–8.91)

Body mass index (kg/m2) 1.021 (0.975–1.068) 0.980 (0.932–1.031) 0.963 (0.906–1.024)

Hypertension (yes vs. no) 1.89 (0.94–3.79) 1.39 (0.67–2.87) 1.44 (0.67–3.10)

log10(Triglycerides) (mg/dl) 2.34 (0.62–8.88) 1.31 (0.31–5.63) 0.90 (0.17–4.63)

Total cholesterol (mg/dl) 1.000 (0.994–1.006) 1.002 (0.995–1.008) 1.001 (0.994–1.008)

Glucose (mg/dl) 1.005 (0.998–1.012) 1.001 (0.993–1.010) 1.000 (0.992–1.009)

log10(GGT) (U/l) 3.01 (1.20–7.57) 3.27 (1.17–9.19) 3.35 (1.12–10.03)

Serum uric acid (mg/dl) 1.105 (0.879–1.390) 1.052 (0.838–1.319) 1.072 (0.857–1.341)

CI: confidence interval; HR: hazard ratio; GGT: gamma-glutamyltransferase; ref: reference.
a Models containing the biomarker in question adjusted for age, examination year, stage, and histology.
b Categories: stage I (ref), stage II, and stages III and IV combined.
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their study was done without adjustment for other biomarkers
[19]. They focused on the association between GGT (�36.00 versus
�35.99 U/l) and progression-free survival and found a significant
doubled risk, after adjustment for age and clinicopathological
parameters.

Our finding does not imply causation, although the temporal
sequence of events is reassuring with GGT measurement before the
start of the analysis period in which the patient was at risk. Also,
experimental models have elucidated the ability of cellular GGT to
modulate crucial redox-sensitive functions, such as antioxidant/
antitoxic defences and cellular proliferative/apoptotic balance, and
its role in tumour progression, invasion, and drug resistance has
been proposed [9–11]. Furthermore, the impact of GGT on the
incidence, metastasis, and recurrence of various malignancies is
increasingly becoming evident [18,28,29].
number at  ri sk:
< 18.0 U/l       70                 64                  49                 30                     8                   
18 + U/ l         17 2               135                92                   49        17

Fig. 1. Kaplan–Meier survival plot of cancer-related mortality by gamma-

glutamyltransferase (GGT).
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In the context of lifestyle, GGT is a biomarker for adverse alcohol
consumption [12] and it is associated with metabolic factors such as
hyperglycaemia [30–32], dyslipidaemia [33], and obesity [34].
Physical activity is able to reduce serum levels of GGT [34]. In
addition, Breitling et al. reported relations between smoking and
GGT, modified by alcohol consumption and body mass index [35].
Lee and Jacobs stated that GGT can be seen as a biomarker of
exposure to certain cancer-causing xenobiotics, including persistent
organic pollutants [36]. Altogether, GGT is closely associated with
lifestyle and environmental conditions. In our study an independent
relation to cancer-related mortality was observed, whereas we did
not find evidence of an effect of the other lifestyle biomarkers.

4.2. Health condition

In the current study significant univariate associations with
mortality were seen for hypertension and triglycerides, besides
Fig. 2. Relation between gamma-glutamyltransferase (GGT) and cancer-related

mortalitya.
a Adjusted for all the covariates (see Table 4); GGT reference values of 18 and 36 U/l

inserted on the horizontal axis with actual GGT-values on a logarithmic scale.
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GGT. Hypertension was also reported to be common among
endometrial cancer patients in a cohort study based in Ohio [37]
and has been shown to be associated with an increased risk of
cancer mortality in general [38]. In the large population-based Me-
Can cohort study, elevated systolic and diastolic blood pressure
were found to contribute significantly to higher risks of fatal
uterine corpus cancer, with adjustment for several (metabolic)
covariates [17]. Increasing body mass index and obesity have also
been linked to endometrial cancer incidence [6,21]. Furthermore,
overweight is believed to play a major role in the pathogenesis of
endometrial cancer and is closely associated with other medical
co-morbidities like diabetes mellitus and hypertension. As von
Gruenigen et al. stated, endometrial cancer survivors often have
unhealthy lifestyles with unfavourable consequences [37]. We also
found the patients in this study in a bad condition with adverse
clinical findings at baseline. Important behavioural components
are involved here and these give opportunities for interventions. It
has been suggested that evidence-based primary preventive efforts
could potentially avoid maybe half of all cancer deaths every year
[39]. Evermore research on physical activity has made it apparent
that better health and wellbeing of cancer survivors in general is
achievable [40]. Even a simple intervention of 30 minutes of
moderate physical activity every day would be beneficial for
survival [41]. Moreover, as Courneya et al. have pointed out, it
would also contribute to improvements in quality of life [5].
However, when considering the lifestyle-related factors simulta-
neously in our study, only the GGT effect persisted. This gives
reason to believe that, apart from clinicopathological factors,
lifestyle factors primarily linked to GGT are involved in endome-
trial carcinoma survival and the other biomarkers do not exert an
independent effect.

Fentiman has recently pointed out that it is uncertain whether
GGT is directly involved in the progression of cancer in an
aetiological sense or that it should be seen as an ‘‘indicator of
collateral damage’’ [42]. In either case there would seem to be
therapeutic options concerning lifestyle changes for endometrial
cancer patients. Regular monitoring of GGT during therapy and at
follow-up investigations might additionally motivate patients to
improve their lifestyle.

4.3. Strengths and limitations

Strengths of our study are a prospective design of a large
endometrial cancer cohort, a long follow-up period, and well-
documented data. On the other hand we faced several limitations
like the lack of information on surgical and adjuvant treatment and
no data on anti-hypertensive treatment at baseline or before.
Therefore, we could not adjust for use of hypertensive drugs at
time of the diagnosis. Because some women may thus have been
categorised as non-hypertensive, this might have led to a dilution
of an existing hypertension effect. Furthermore, the effect of long-
term anti-hypertensive treatment on cancer mortality is unclear,
with inconsistent claims of negative, no, and positive associations
between various types of such drugs and cancer [43]. In addition,
our data on histology was not complete and we had to adjust for
this variable with an ‘‘unknown’’-category. The histology has thus
not been fully incorporated, but a sensitivity analysis suggested the
bias to be negligible (HR = 1.96 [95% CI 0.75–5.08], when excluding
the cases of the third histology category, versus HR = 2.37 [95% CI
1.01–5.56]). Also, exposure measurement was not at diagnosis but
the last one before, up to 5 years earlier. On inspection, the levels of
the biomarkers did not appear to vary according to the length of
time between measurement and diagnosis, indicating stability of
the levels. Another limitation of our study is the rather small
number of cancer-related deaths as the outcome. For this reason
all-cause mortality was also considered. Although the statistical
Please cite this article in press as: Edlinger M, et al. Lifestyle-related
glutamyltransferase as an important risk factor. Cancer Epidemiolog
power of the cancer-related events analysis was limited, the results
of both outcomes are plausible and consistent, so it appears only
the precision of the estimates are compromised.

5. Conclusion

In conclusion, in our data elevated GGT levels were indepen-
dently associated with poor survival in patients with endometrial
cancer, next to increasing age, advanced tumour stage, and adverse
histology. As this factor is modifiable through healthy behaviour,
endometrial cancer patients might enhance their life expectancy
by adapting their lifestyle, though this beneficial effect has to be
replicated in a larger prospective trial.

Conflict of interest statement

None.

Acknowledgement

The authors would like to thank the Government of Vorarlberg
for its support of VHM&PP, especially the councillor of science
Andrea Kaufmann and the councillor of health Christian Bernhard.

References

[1] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN 2008
v1.2, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10.
Lyon: International Agency for Research on Cancer, 2010, http://globocan.iarc.
fr [accessed 12.08.11].

[2] Howlader N, Noone AM, Krapcho M, Neyman N, Aminou R, Waldron W, et al.,
eds. SEER Cancer Statistics Review, 1975–2008. Bethesda: National Cancer
Institute, 2011 , http://seer.cancer.gov/csr/1975_2008/, based on November
2010 SEER data submission, posted to the SEER web site.

[3] Sorosky JI. Endometrial cancer. Obstet Gynecol 2008;111:436–47.
[4] Lewin SN. Revised FIGO staging system for endometrial cancer. Clin Obstet

Gynecol 2011;54:215–8.
[5] Courneya KS, Karvinen KH, Campbell KL, Pearcey RG, Dundas G, Capstick V,

et al. Associations among exercise, body weight, and quality of life in a
population-based sample of endometrial cancer survivors. Gynecol Oncol
2005;97:422–30.

[6] Schmandt RE, Iglesias DA, Na Co N, Lu KH. Understanding obesity and endo-
metrial cancer risk: opportunities for prevention. Am J Obstet Gynecol
2011;205:518–25.

[7] Smith RA, von Eschenbach AC, Wender R, Levin B, Byers T, Rothenberger D,
et al. American Cancer Society guidelines for the early detection of cancer:
update of early detection guidelines for prostate, colorectal, and endometrial
cancers. Also: update 2001—testing for early lung cancer detection. CA Cancer J
Clin 2001;51:38–75.

[8] Ruhl CE, Everhart JE. Elevated serum alanine aminotransferase and gamma-
glutamyltransferase and mortality in the United States population. Gastroen-
terology 2009;136:477–85.

[9] Pompella A, De Tata V, Paolicchi A, Zunino F. Expression of gamma-glutamyl-
transferase in cancer cells and its significance in drug resistance. Biochem
Pharmacol 2006;71:231–8.

[10] Corti A, Duarte TL, Giommarelli C, De Tata V, Paolicchi A, Jones GD, et al.
Membrane gamma-glutamyl transferase activity promotes iron-dependent
oxidative DNA damage in melanoma cells. Mutat Res 2009;669:112–21.

[11] Corti A, Franzini M, Paolicchi A, Pompella A. Gamma-glutamyltransferase of
cancer cells at the crossroads of tumor progression, drug resistance and drug
targeting. Anticancer Res 2010;30:1169–81.

[12] Hannuksela ML, Liisanantti MK, Nissinen AE, Savolainen MJ. Biochemical
markers of alcoholism. Clin Chem Lab Med 2007;45:953–61.

[13] World Cancer Research Fund/American Institute for Cancer Research. Food,
nutrition, physical activity, and the prevention of cancer: a global perspective.
Washington, DC: AICR, 2007.

[14] World Health Organization. Global health risks; mortality and burden of
disease attributable to selected major risks. Geneva: World Health Organiza-
tion, 2009.

[15] Stocks T, Rapp K, Bjørge T, Manjer J, Ulmer H, Selmer R, et al. Blood glucose and
risk of incident and fatal cancer in the metabolic syndrome and cancer project
(Me-Can): analysis of six prospective cohorts. PLoS Med 2009;6(12):
e1000201.

[16] Stocks T, van Hemelrijck M, Manjer J, Bjørge T, Ulmer H, Hallmans G, et al.
Blood pressure and risk of cancer incidence and mortality in the metabolic
syndrome and cancer project. Hypertension 2012;59:802–10.

[17] Bjørge T, Stocks T, Lukanova A, Tretli S, Selmer R, Manjer J, et al. Metabolic
syndrome and endometrial carcinoma. Am J Epidemiol 2010;171:892–902.
 biomarkers and endometrial cancer survival: Elevated gamma-
y (2013), http://dx.doi.org/10.1016/j.canep.2012.12.003

http://globocan.iarc.fr/
http://globocan.iarc.fr/
http://seer.cancer.gov/csr/1975_2008/
http://dx.doi.org/10.1016/j.canep.2012.12.003


M. Edlinger et al. / Cancer Epidemiology xxx (2012) xxx–xxx6

G Model

CANEP-515; No. of Pages 6
[18] Edlinger M, Nagel G, Hilbe W, Diem G, Concin H, Strasak AM, et al. Associations
of serum uric acid and gamma-glutamyltransferase with cancer in the Vor-
arlberg Health Monitoring and Promotion Programme (VHM&PP) – a short
review. Mag Eur Med Oncol 2011;4:50–4.

[19] Seebacher V, Polterauer S, Grimm C, Rahhal J, Hofstetter G, Bauer EM, et al.
Prognostic significance of gamma-glutamyltransferase in patients with endo-
metrial cancer: a multi-centre trial. Br J Cancer 2012;106:1551–5.

[20] Ulmer H, Kelleher C, Diem G, Concin H. Long-term tracking of cardiovascular
risk factors among men and women in a large population-based health
system: the Vorarlberg Health Monitoring & Promotion Programme. Eur Heart
J 2003;24:1004–13.

[21] Rapp K, Schroeder J, Klenk J, Stoehr S, Ulmer H, Concin H, et al. Obesity and
incidence of cancer: a large cohort study of over 145 000 adults in Austria. Br J
Cancer 2005;93:1062–7.

[22] Rapp K, Schroeder J, Klenk J, Ulmer H, Concin H, Diem G, et al. Fasting blood
glucose and cancer risk in a cohort of more than 140 000 adults in Austria.
Diabetologia 2006;49:945–52.

[23] Ulmer H, Borena W, Rapp K, Klenk J, Strasak A, Diem G, et al. Serum triglyceride
concentration and cancer risk in a large cohort study in Austria. Br J Cancer
2009;101:1202–6.

[24] Strasak AM, Pfeiffer RM, Brant LJ, Rapp K, Hilbe W, Oberaigner W, et al. Time-
dependent association of total serum cholesterol and cancer incidence in a
cohort of 172 210 men and women: a prospective 19-year follow-up study.
Ann Oncol 2009;20:1113–20.

[25] World Health Organization, International Society of Hypertension Writing Group.
2003 World Health Organization (WHO)/International Society of Hypertension
(ISH) statement on management of hypertension. J Hypertens 2003;21:1983–92.

[26] Janssen KJ, Donders AR, Harrell FE, Vergouwe Y, Chen Q, Grobbee DE, et al.
Missing covariate data in medical research: to impute is better than to ignore. J
Clin Epidemiol 2010;63:721–7.

[27] Harrell FE. Regression modeling strategies; with applications to linear models,
logistic regression, and survival analysis. New York: Springer, 2001.

[28] Simic T, Dragicevic D, Savic-Radojevic A, Cimbaljevic S, Tulic C, Mimic-Oka J.
Serum gamma glutamyl-transferase is a sensitive und unspecific marker of
metastatic renal cell carcinoma. Int J Urol 2007;14:289–93.

[29] Polterauer S, Hofstetter G, Grimm C, Rahhal J, Mailath-Pokorny M, Kohl M,
et al. Relevance of gamma-glutamyltransferase – a marker for apoptotic
balance – in predicting tumor stage and prognosis in cervical cancer. Gynecol
Oncol 2011;122:590–4.
Please cite this article in press as: Edlinger M, et al. Lifestyle-related
glutamyltransferase as an important risk factor. Cancer Epidemiolog
[30] Perry IJ, Wannamethee SG, Shaper AG. Prospective study of serum gamma-
glutamyltransferase and risk of NIDDM. Diabetes Care 1998;21:732–7.

[31] Conen D, Vollenweider P, Rousson V, Marques-Vidal P, Paccaud F, Waeber G,
et al. Use of a Mendelian randomization approach to assess the causal relation
of gamma-glutamyltransferase with blood pressure and serum insulin levels.
Am J Epidemiol 2010;172:1431–41.

[32] Fraser A, Harris R, Sattar N, Ebrahim S, Davey Smith G, Lawlor DA. Alanine
aminotransferase, gamma-glutamyltransferase, and incident diabetes: the
British Women’s Heart and Health Study and meta-analysis. Diabetes Care
2009;32:741–50.

[33] Ruttmann E, Brant LJ, Concin H, Diem G, Rapp K, Ulmer H, et al. Gamma-
glutamyltransferase as a risk factor for cardiovascular disease mortality. An
epidemiological investigation in a cohort of 163,944 Austrian adults. Circula-
tion 2005;112:2130–7.

[34] Lawlor DA, Sattar N, Smith GD, Ebrahim S. The associations of physical activity
and adiposity with alanine aminotransferase and gamma-glutamyltransfer-
ase. Am J Epidemiol 2005;161:1081–8.

[35] Breitling LP, Arndt V, Drath C, Rothenbacher D, Brenner H. Smoking and g-
glutamyltransferase: opposite interactions with alcohol consumption and
body mass index. PLoS One 2010;5(9):e13116.

[36] Lee DH, Jacobs DR. Association between serum concentrations of persistent
organic pollutants and gamma glutamyltransferase: results from the Na-
tional Health and Examination Survey 1999–2002. Clin Chem 2006;52:
1825–7.

[37] von Gruenigen VE, Waggoner SE, Frasure HE, Kavanagh MB, Janata JW, Rose
PG, et al. Lifestyle challenges in endometrial cancer survivorship. Obstet
Gynecol 2011;117:93–100.

[38] Grossman E, Messerli FH, Boyko V, Goldbourt U. Is there an association
between hypertension and cancer mortality? Am J Med 2002;112:479–86.

[39] Weiderpass E. Lifestyle and cancer risk. J Prev Med Public Health 2010;43:
459–71.

[40] Courneya KS. Physical activity in cancer survivors: a field in motion. Psy-
chooncology 2009;18:337–42.

[41] Irwin ML. Physical activity interventions for cancer survivors. Br J Sports Med
2009;43:32–8.

[42] Fentiman IS. Gamma-glutamyl transferase: risk and prognosis of cancer
(editorial). Br J Cancer 2012;106:1467–8.

[43] Mancia G. Angiotensin receptor antagonists and increased risk of cancer.
Further evidence against. J Hypertens 2011;29:653–4.
 biomarkers and endometrial cancer survival: Elevated gamma-
y (2013), http://dx.doi.org/10.1016/j.canep.2012.12.003

http://dx.doi.org/10.1016/j.canep.2012.12.003

	Lifestyle-related biomarkers and endometrial cancer survival: Elevated gamma-glutamyltransferase as an important risk factor
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Patients and measurements
	2.3 Statistical analysis

	3 Results
	3.1 Patients
	3.2 All-cause mortality
	3.3 Cancer-related mortality

	4 Discussion
	4.1 Gamma-glutamyltransferase
	4.2 Health condition
	4.3 Strengths and limitations

	5 Conclusion
	Conflict of interest statement
	Acknowledgement
	References


