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Th e Vorarlberg Health Monitoring and Promotion Programme 

(VHM&PP), based on prospectively gathered, repeated rou-

tine health examination data from a cohort of more than 

175,000 adults, is one of the largest ongoing population-based 

risk factor surveillance programmes worldwide. Among oth-

ers, the so far widely unknown associations of serum uric acid 

(SUA) and gamma-glutamyltransferase (GGT) with cancer 

were investigated. Both SUA and GGT are known to be related 

to the metabolic syndrome and furthermore considered as 

markers of oxidative stress. After controlling for several con-

founding factors, it was found that elevated SUA levels were 

statistically signifi cantly related to overall cancer mortality 

and several site-specifi c malignancies in both men and wom-

en. Additionally, a J-shaped eff ect of SUA levels on risk of 

overall cancer incidence appeared in men, with signifi cantly 

increased cancer risk at high levels of SUA. Likewise, in ac-

cordance with some experimental evidence, among men and 

women elevated GGT increased cancer risk overall and for 

several lifestyle-related malignancies. On the basis of these 

fi ndings, and considering the routine measurement in clini-

cal practice, SUA and GGT might function as a valuable mark-

er to identify patients with an increased risk to develop 

malignant diseases.
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Introduction

Increased serum uric acid (SUA) concentrations have consist-

ently been reported to be associated with the progression of 

cardiovascular diseases. It has been documented to be higher 

in patients with coronary heart disease [1]. Much controversy 

exists, however, whether SUA is causally involved in cardio-

vascular diseases [2], although SUA is indeed associated with 

many of the established cardiovascular risk factors, including 

hypertension, dyslipidaemia, obesity and excessive alcohol 

consumption [3]. However, to date little is known regarding 

the role of SUA in relation to cancer. On the basis of experi-

mental models, it has been hypothesised that the antioxidant 

properties of SUA may play an important role in cancer aetiol-

ogy by preventing the formation of oxygen radicals, thereby 

protecting against carcinogenesis [4]. Th e few available epi-

demiological fi ndings are inconsistent [5, 6]. Some studies 

demonstrated an inverse relationship between SUA and can-

cer mortality, partly supporting the assumed antioxidant 

properties and protective eff ect of SUA on cancer. Other stud-

ies found SUA concentrations to be unrelated to cancer inci-

dence after adjusting for potential confounding factors. Th ere 

are also fi ndings suggesting a positive association with cancer 

incidence, indicating that elevated SUA should rather be con-

sidered as a risk factor, at least for certain types of cancer.

Gamma-glutamyltransferase (GGT), present on the ex-

ternal surface of most cells and in serum, is the enzyme re-

sponsible for the extracellular catabolism of glutathione 

(GSH), the main thiol antioxidant in mammalian cells [7]. 

Evidence from a large-scale population study indicates a per-

ceptible increase in GGT during the past few decades, with a 

strong secular trend [8]. Apart from its well-established clini-

cal use as an indicator of hepatobiliary diseases and a marker 

of excessive alcohol intake, several recent studies have sug-

gested elevated GGT to be a risk factor of various other out-

comes. Specifi cally, it was reported that GGT is related to the 

occurrence of cardiovascular disease [9], to most cardiovas-

cular risk factors, including diabetes, hypertension, dyslipi-

daemia and metabolic syndrome [10], and is independently 

associated with cardiovascular mortality [11]. Th e association 

of GGT with cancer, however, remains largely unexplored to 

date. Several experimental models have elucidated the ability 
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of cellular GGT to modulate crucial redox-sensitive functions, 

such as antioxidant and antitoxic defences and cellular prolif-

erative and apoptotic balance, and its role in tumour progres-

sion, invasion, and drug resistance has been proposed [12]. In 

addition, a potentially interesting interpretation subsumes 

GGT as a biomarker of exposure to certain cancer-causing xe-

nobiotics, including persistent organic pollutants. Environ-

mental pollutants such as lead, cadmium, dioxins, or 

organochlorine pesticides are positively related to serum 

GGT levels in the general US population [13].

With indications of potential eff ects of SUA and GGT, 

possibly involving oxidative stress, in this review we summa-

rise the fi ndings from VHM&PP regarding SUA and GGT in 

relation to cancer.

Study population

To analyse the associations of SUA and GGT with cancer, pro-

spective longitudinal health examination data from the Vo-

rarlberg Health Monitoring and Promotion Programme 

(VHM&PP) have been used. VHM&PP is one of the world’s 

largest population-based risk factor surveillance programmes. 

Th e cohort was initiated in 1985 and conducted by the Agen-

cy for Social and Preventive Medicine in Vorarlberg, Austria. 

A detailed description of the programme methodology has 

been reported elsewhere [14].

All adults in the region were invited to participate 

through a combination of diff erent measures, including writ-

ten invitations, television, radio and newspaper reports, lead-

ing to a total of more than 175,000 study participants and over 

two million person-years of follow-up [15] (Tab. 1). Active 

follow-up, with repeated longitudinal routine health exami-

nations of study participants, is performed through a recall-

system of written biennial re-invitation letters. Costs are 

covered by the participant’s compulsory health insurance. In-

formed consent to store and process the data is obtained from 

all participants at each examination and research approval 

has been given by the relevant ethical committee. 

Data that are recorded include height, weight, systolic 

and diastolic blood pressure, smoking and occupational sta-

tus, and from fasting blood samples SUA, GGT, total serum 

cholesterol, triglycerides and blood glucose. In analyses ap-

plying more than one measurement of the exposure variable, 

only those values before the cancer diagnosis date were used. 

Additional sensitivity analyses were performed to rule out 

possible reverse causation (i.e. preclinical disease causing 

higher laboratory values). Information regarding morbidity 

and mortality is provided by the local health authority. Nearly 

all cancers (97%) were histologically confi rmed [16, 17].

So far, many research questions have been addressed, 

concerning risk factors, cardiovascular disease, all-cause 

mortality, cancer, as well as trends (see Fig. 1). Including the 

studies stemming from the cooperation within the so-called 

Metabolic syndrome and Cancer project [18–28], the number 

of publications produced currently exceeds well over 30, with 

more to come. Here we review the results of the studies on 

SUA and GGT in relation to cancer.

Findings

An overview of the most important results from VHM&PP re-

garding the association of SUA and GGT with consequent 

cancer is presented in Tab. 2. Strong eff ects (hazard ratio 

[HR] ≥ 1.50) at elevated SUA levels were observed for lym-

phoid, haematopoietic and related tissue cancers and for a 

malignant neoplasm of the respiratory system and of the uri-

nary organs among males. For GGT strong eff ects were found 

for a malignant neoplasm of the digestive organs and of the 

respiratory system among both females and males, and also 

of the urinary organs among males. In the other tumour sites 

the eff ects of SUA and GGT were only moderate (HR between 

1.00 and 1.50) or statistically not signifi cant.

Other fi ndings concerned a clear dose-response rela-

tionship of increased male cancer mortality with increasing 

level of SUA. Among participants aged less than 65 years, the 

relationship was even more pronounced. When considering 

the time interval between the baseline SUA measurement 

and date of cancer death, SUA levels were more predictive of 

deaths occurring 10 years or more after the baseline meas-

urement compared to deaths within 10 years [29]. In another 

Tab. 1: Several (baseline) characteristics 
of the Vorarlberg Health Monitoring and 
Promotion Programme (1985–2003)

Female Male
Number of participants 94,805 80,224

Age (years), mean (s) 41.2 (15.9) 41.2 (14.7)

Smoking status

 Never 78.5% 69.9%

 Ever 21.5% 30.1%

Body mass index

 <25 kg/m2 64.7% 50.7%

 25 to <30 kg/m2 24.2% 39.5%

 ≥30 kg/m2 11.1% 9.8%

Serum uric acid (mg/dl), mean (s) 4.5 (1.3) 5.7 (1.3)

Gamma-glutamyltransferase (units/l), 
median

17.9 28.6

 Inter-quartile range 12.5–25.1 19.7–44.8

Follow-up (years)

 Median 13.6 12.6

 Person-years at risk 1,144,823 910,870

Number of subjects with incident cancer 
of which:

4506 4945

 Breast, female genital organs 2272 –

 Male genital organs – 1857

 Digestive organs 1013 1123

 Bone, connective tissue, soft tissue, skin 433 445

 Lymphoid, haematopoietic, related tissue 296 271

 Respiratory system 216 747

 Urinary organs 210 423

 Nervous system, unspecified sites 66 79

Cancer incidence (per 1000 person-years) 3.9 5.4

Number of cancer deaths 1562 1922

s  Standard deviation.
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Tab. 2: Overview of the relationships, expressed as hazard ratiosa, 
of serum uric acid and gamma-glutamyltransferase with consequent 
site-specific cancer incidence in the Vorarlberg Health Monitoring and 
Promotion Programme (1985–2003) [29–34]

Serum uric acidb   Gamma-glutamyltransferasec

Female Male Female Male
Breast, female genital organs <1.50 – <1.50 –

Male genital organs – n.s. – n.s.

Digestive organs n.s. <1.5 ≥1.50 ≥1.50

Bone, connective tissue, soft tissue, skin n.s. n.s. n.s. n.s.

Lymphoid, haematopoietic, related tissue n.s. ≥1.50d <1.50 n.s.

Respiratory system n.s. ≥1.50 ≥1.50 ≥1.50

Urinary organs n.s. ≥1.50d n.s. ≥1.50

Nervous system, unspecified sites <1.50 n.s. n.s. n.s.

n.s. not significant.
aBased on highest versus lowest category or on per log(GGT)-unit increase.
bCancer mortality and partly also incidence as endpoint.
cCancer incidence as endpoint.
dBased on penalised splines.

Klenk et al. Eur J Epidemiol 2009
Rapp et al. Br J Cance 2005
Rapp et al. Ann Oncol 2008

Strasak et al. Ann Oncol 2009

Ulmer et al. BMJ 2009

TrendsCancer
Cardiovascular disease/

all-cause mortality

Body mass index

Blood pressure

Total cholesterol

Triglycerides

Fasting glucose

Uric acid

Gamma-
glutamyltransferase

Multiple factors/
metabolic syndrome

Ulmer et al. J Womens Health 2004

ERFC, JAMA 2009

ERFC, Lancet 2010

Strasak et al. Clin Chem 2008
Strasak et al. Int J Cardiol 2008

Strasak et al. Cancer Causes C 2007
Strasak et al. Ann Oncol 2007

Strasak et al. Ann Epidemiol 2009

Strasak et al. Cancer Res 2008
Strasak et al. Int J Cancer 2008
Strasak et al. Cancer Res 2010

Ulmer et al, Eur Heart J 2003
Ulmer et al. Wien Klin Woch. 2004

Ulmer et al. J Intern Med 2007
Borena et al. Wien Klin Woch. 2009

Ulmer et at. Br J Cancer 2009

Me-Can*

Me-Can*

Me-Can*

Rapp et al. Diabetologia 2006

Ulmer et al. Eur J Cardiovasc Prev
Rehabil 2005

Ruttmann et al. Circulation 2005
Strasak et al. Arterioscler Thromb

Vasc Biol 2008

* Me-Can: Metabolic syndrome and Cancer project, a cooperation of VHM&PP with six other population-
based cohorts in Sweden and Norway [18–28] 

Fig. 1: Overview of risk factors and outcomes investigated in Health Monitoring and Promotion Programme (VHM&PP)
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study focused on elderly women, high SUA levels were also 

signifi cantly associated with increased total cancer mortality 

[30]. It was also found that the dose-response association of 

SUA with overall cancer incidence among males was not lin-

ear. Th ere seemed to be a J-shaped eff ect of SUA, with statisti-

cally signifi cantly increased risks in the upper third of the SUA 

distribution and moderately increased risks at low levels 

[31].

Th e analysis of the association of baseline GGT and risk 

of overall cancer incidence among men yielded an estimated 

risk increase of 58% per GGT log-unit. Estimates for the asso-

ciation of GGT, modelled as average concentration during 

individual follow-up, yielded that even moderately elevated 

values (60 units/l) are signifi cantly associated with increased 

overall cancer incidence. Th is risk was substantially larger at 

higher GGT levels. Age modifi ed the association, with a mark-

edly stronger relation in participants below the age of 65 years 

[32]. In women, compared to the normal low GGT levels the 

cancer incidence was elevated for the other GGT categories, 

with a risk increase of 43% for the highest category [33]. Th e 

incidence of invasive cervical cancer was also signifi cantly 

higher for elevated GGT levels, with up to a tripled risk for 

very high GGT concentrations (≥72.00 units/l). In contrast, 

associations between GGT serum levels and cervical intraep-

ithelial neoplasia III risk were not signifi cant [34].

Conclusion

Th e results from VHM&PP are contrary to the proposed anti-

oxidant and protective eff ect of SUA against cancer in both 

men and women. High SUA concentrations seem to be inde-

pendently associated with increased cancer risk and it is sug-

gested that high SUA is a valuable long-term surrogate 

parameter for a life-style at risk of developing cancer.

Th e fi ndings also show that elevated GGT is signifi cant-

ly associated with increased cancer risk in men. In addition, 

for the fi rst time in a large population-based cohort a signifi -

cant association between high GGT levels and increased can-

cer risk in women was shown. Th is is in accordance with 

recent research on breast cancer risk [35]. In addition, the 

fi ndings from VHM&PP further suggest GGT to be involved in 

the progression of premalignant cervical lesions to invasive 

cancer.

Besides for the detection of alcohol consumption and 

being a general marker of liver dysfunction and congestion, 

several other issues are possibly involved in the variation of 

GGT levels, such as metabolic syndrome, medication, oxida-

tive stress, and persistent organic pollutants. Likewise, SUA 

might act as a proxy for unhealthy diet and alcohol consump-

tion. Both GGT and SUA can then be seen as markers of an 

unfavourable lifestyle related to cancer.

An important limitation in VHM&PP is that the number 

of cancer cases permitted the study of only broad malignancy 

categories. Also, routine SUA determination was only done in 

older women (50 years and above), thereby restricting the 

power and the generalisability of some results.

Whether these fi ndings concerning possible SUA and 

GGT eff ects might lead to optimised cancer screening, re-

mains to be answered. A precondition of each screening 

method is a relevant intervention that would infl uence the 

clinical course for the patient. Certain modifi able risk factors 

and simple markers seem to be involved so thereby various 

options in the fi eld of prevention might become available. In 

addition, it should be considered that measurement of SUA 

and GGT in a healthy population might function as a prog-

nostic tool to identify patients with an increased risk to de-

velop malignant diseases.
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