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Introduction

In 1976, the general practitioner Leopold Bischof wrote an article 
in Methods of Information in Medicine entitled 

"Die Datenverarbeitung für die Gesundheitsvorsorge in 
Vorarlberg". 

In this work, Bischof laid the visionary foundation of a system of 
population-based, data-driven health examinations in 
Vorarlberg, the westernmost province of Austria. 
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Introduction

The ’Arbeitskreis für Vorsorge- und Sozialmedizin’ (aks) in 
Bregenz began to routinely document health examinations, from 
1985 onwards with an IT system that functions to this day. 

In the beginning, contrarily to Bischof's intent, the data-
recording was mainly used for accounting purposes.

It was only in 2003, that the data started to be applied for 
medical research under the name of "Vorarlberg Health 
Monitoring & Promotion Programme" (VHM&PP).
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Introduction

During the last decade, the research output from analyses of the 
VHM&PP database was considerable. Original publications on 
how risk factors track over time, on the way patterns of heart 
diseases vary by season, and on gender differences and secular 
trends in chronic disease have all made contributions to medical 
literature. 

The research has provided a novel understanding of how 
gamma-glutamyltransferase and uric acid are associated with 
both cardiovascular and cancer outcomes. 

Recently VHM&PP contributed to several international pooled 
analyses which enhanced the understanding on how metabolic 
factors are involved in the risk of chronic diseases.
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How did it get started?

• 1994 I was introduced by Hans Concin to the aks

• The aks had already a well established IT system (INFORMIX 
database)

• Results of every health examination performed in Vorarlberg 
were entered into the database by four data managers

• Data were used mainly for accounting purposes
GP`s got their payment only when delivering the data sheet 
(contributes importantly to data quality)
Reports for GP`s were produced

• Data were not used for research

• However, there were already research activities with data 
from two health surveys: WHO CINDI 1986 and 1991 
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What was available in the late 1990s? 

• Results of health examinations of more than 100,000 people 

• Routinely collected health data from 1985 onwards

• Health check-up includes consultation with a doctor, a  
physical examination and a fasting blood test

• Variables in the data set were limited, however all major 
cardiovascular risk factors were included 

• People were systematically re-invited with personal letters to 
health checks-up. 

• Mortality data was recorded as well (to prevent re-invitations 
of deceased) 
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Why was this database not used for
research?

• Only a few people showed interest in medical and 
epidemiological research (still so)

• Hans Concin always believed that the database has great 
potential for research and he supported all research activities, 
however he was almost alone

• Epidemiological and statistical expertise was missing

• It was argued that the data is self-selected, therefore useless, 
biased to people with a deeper interest in their health

• Computational problems
a standard PC with SPSS could not handle the data in the late 
nineties   
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Milestones on the way to the re-use of
the database

• Another visionary person: Prof. Cecily Kelleher, epidemiologist and 
public health expert from University of Dublin. She was the first to 
recognize in 2001 the full potential of the database

• The first peer-reviewed publication:
Ulmer H, Kelleher C, Diem G, Concin H. Tracking of Cardiovascular 
Risk Factors: the Vorarlberg Health Monitoring & Promotion 
Programme. European Heart Journal 2003.

• Statistical and Methodological discussions with Prof. Larry Brant, 
chief statistician of the Baltimore Longitudinal Study of Aging (BLSA) 
and Ruth Pfeiffer, National Cancer Institute

• Another publication in an international top-ranked journal:
Ruttmann E, Brant L, Concin H, Diem G, Rapp K, Ulmer H. Gamma-
glutamyltransferase as a risk factor for cardiovascular mortality: an 
epidemiological investigation in 163,944 Austrian adults: Circulation 
2005.
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Milestones on the way to the re-use of
the database

• The involvement of epidemiologists from nearby located 
University of Ulm: Prof. Stefan Weiland, Killian Rapp, Jochen
Klenk and Gabriele Nagel

• Invitation to collaborate in the Metabolic Syndrome and 
Cancer (Me-Can) Project 

• Participation with VHM&PP data to the Emerging Risk Factor 
Collaboration (ERFC) and the Global Burden of Metabolic Risk 
Factors for Chronic Diseases Collaboration

• Highly motivated Post-Docs and PhD scientists: Elfriede
Ruttmann-Ulmer, Alexander Strasak, Wegene Borena, 
Susanne Strohmaier, Michael Edlinger
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A big asset: cancer registry in house

• Cancer registry and health examinations are both run by the
aks

• Cancer registry was established in 1978 

• Information about cases from Institute of Pathology (Feldkirch), 
and hospital discharge diagnoses

• DCO-rate: 1993-97 7% in women and 9% in men, after 1997: 
5%, now 3%

• Published in Cancer Incidence in Five Continents Vol. VIII, Vol. 
IX

• ICD-O-1 (topography, morphology), limited data regarding
staging, grading

• High proportion of cancers is histology proven
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Health examinations in Vorarlberg (Austria)
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Challenges on the way to the re-use of
the database

• Data privacy

• Informed consent and ethical approval

• Computational problems (in the beginning)

• Data management and record linkage 

• External validity - self selected sample

• Repeated measurements

• Measurement error

• Non-linear relationships 

14



Data management and record linkage

• Extensive maintenance of personal master data was necessary

• A unique key was necessary for both the health examination 
data and the cancer registry  

• Quality of record linkage with outcome data
(morbidity, mortality) was of high importance

• We adapted a method of 
probabilistic record linkage (Oberaigner Meth Inf Med 2005)

• Mortality record linkage was performed annually with 
Statistics Austria

• Changes in data acquisition, laboratory reference values etc.

• Secure data transfer
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Population based or population biased

We compared
- the unplanned self selected health examination sample with
- the planned randomly chosen CINDI survey sample

and there were only small differences (Ulmer et al ÖZS 1995).

It seems that the same people who refused to participate in the
health survey (response rate 60%), also refused to take part in 
the general health examinations.

In the landmark Framingham study the random sample forming 
the cohort had to be “enriched” by volunteers to compensate for 
its relatively low response rate (69%).
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Statistical analysis
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In outcome studies, modelling was generally done by
Cox proportional hazard regression with calendar time or
attained age as time-scale and adjusted for covariates such as
birth year, baseline age or smoking status, seperately for males
and females.

In some studies, we also made use of time-dependent covariates
in the Cox model.

To model continuous risk variables, especially for non-linear
relationships, we used spline regression and fractional
polynomials.



Non-linear relationships

Penalized Splines in Extended Cox-type additive hazard
regression as novel statistical-methodological framework to
flexibly model dose-response associations

• Additive extension of the classical Cox model (Kneib/Fahrmeir
2007): Baseline hazards and non-linear effects of covariates 
are estimated by penalized splines (Eilers/Marx 1996)

• No manual knot tuning through combining penalization of the 
spline coefficients with automatic choice of the smoothing 
parameter by restricted maximum likelihood (REML) 
estimation 

• R2BayesX und BayesXsrc (Umlauf 2012)
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Penalized splines – graphical illustration
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Strasak et al. Ann Epidemiol 2008



Repeated measurements

The use of repeated measurements still statistically challenging:

• Irregular number of repeated measurements per individual

• Irregular time intervals of repeated measurements

• Number and time intervals are not randomly distributed and 
may be informative 
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Measurement error

Repeated measurements allow the correction for random error 
and within-person variability of the exposure measurements,
to counteract regression dilution bias of risk associations. 

Regression dilution ratios were estimated with
linear mixed effect models

or GEE models
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Regression dilution bias

Exposure variables:

• random errors at measurement

• short- and long-term variations of individuals

Underestimation of associations ?

Hutcheon JA et al. Br Med J 2010;340:1402-1406

exposure with random error:
6 observations, 10 simulations



With only one baseline

measurement of exposure:

bias can lead to substantial

underestimation of effects

(same p-value)

Regression dilution bias



Publications
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Studies in 
Cardiovascular
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The Vorarlberg Health Monitoring
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Gamma-glutamyltransferase (GGT)

• Several epidemiologic studies have sparked further interest in elevated GGT as
an independent predictor for morbidity and mortality from causes other than
liver disease
– GGT independently associated with cardiovascular disease (Wannamethee

1995, Jousilathi 2000, Ruttmann 2005) 

– GGT correlated with most cardiovascular risk factors and MetS (Lee DS 2007, 
etc.)  

– Association of GGT with chronic kidney disease (Ryu 2007)

– Independent role of GGT for premature death from all causes (Ruhl 2009, 
etc.)

• Measurement of serum GGT commonly used as an indicator for
hepatobiliary disease/congested liver and a biological marker of excessive
alcohol intake (Rollason 1972)

• There appears to be an interaction effect of high GGT in individuals who
smoke and drink (Breitling 2009)

• GGT predicts the metabolic syndrome especially through NAFL/NASH 
(Rantala 2000, etc.)
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Gamma-glutamyltransferase (GGT)

• Experimental models elucidated the ability of cellular GGT to
modulate crucial redox-sensitive functions, such as
antioxidant/antitoxic defenses and cellular
proliferative/apoptotic balance, and its role in tumor
progression, invasion, and drug resistance has been proposed
(Pompella 2006, Franzini 2006) 

• GGT as a biomarker of exposure to certain cancer-causing
xenobiotics, including persistent organic pollutants (Lee 2006)

– e.g. lead, cadmium, dioxins or organochlorine pesticides

• High GGT through genetic factors (Whitfield 2001)

• Role of medication and idiosyncratic causes for GGT elevation
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Studies in Cancer
Epidemiology

The Vorarlberg Health Monitoring
& Promotion Programme 

(VHM&PP)
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Me-Can project

In 2006, the Metabolic syndrome and 
Cancer project (Me-Can) was initiated 
in order to create a large pooled cohort 
to investigate factors of the metabolic
syndrome on the association with 
cancer risk.
Existing cohorts in Norway, Austria and 
Sweden were included in the project. 
The cohorts were: in Norway, the Oslo 
study I (Oslo), the Norwegian Counties 
Study
(NCS), the Cohort of Norway (CONOR) 
and the Age 40 programme (40-years); 
in Austria, the Vorarlberg Health 
Monitoring and Prevention Programme
(VHM&PP); and in Sweden, the 
Vasterbotten Intervention Project (VIP) 
and the Malmo¨ Preventive Project 
(MPP).
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Me-Can project
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FemalesMales

Sex-specific risk estimates of incident cancer by site per unit MetS
score (standardised sum of the five separate z-scores)



Emerging Risk Factors Collaboration
(ERFC) – University of Cambrige
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The Emerging Risk Factors Collaboration (ERFC) has established a central database on 
over 1.2 million participants from >100 prospective population-based studies, in which 
subsets have information on lipid and inflammatory markers, other established risk 
factors and characteristics, as well as major cardiovascular morbidity and cause-specific 
mortality. 

Information on repeated measurements on relevant characteristics has been collected 
in over 300,000 participants to enable estimation of and adjustment for within-person 
variability. Re-analysis of individual data will yield up to approximately 70,000 incident 
fatal or first ever major cardiovascular outcomes recorded during about 12 million 
person years at risk.

Mainly focussing on cardiovascular disease, however there are now already two papers
with cancer mortality as an outcome
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All our publications are online:  

http://www.i-med.ac.at/msig/mitarbeiter/ulmer/vhmpp.html.de

Login: med
Password: medizin
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