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ABSTRACT  

Linking national registries with twin data represents an opportunity to produce epidemiological research of 
high quality. National registries contain information on a broad array of variables, some of which cannot be 
measured reliably in regular health surveys. By taking kinship into consideration, twin studies have the 
benefit of being able to identify confounding stemming from genetic or shared environmental sources. In 
this paper, we use examples from our own interview and questionnaire-based twin studies from the Nor-
wegian Twin Registry (NTR) on mental disorders, alcohol use and socioeconomic status linked to registry 
data on medical benefits to demonstrate the value. In the first example, we examined to what extent genetic 
and environmental factors contributed to sick leave and disability pension and the association between these 
two types of benefits. In the second example, we explored the genetic and environmental relationship 
between personality disorders and sick leave. In the third example, a co-twin control design was applied to 
explore whether there is a true protective relationship between moderate alcohol consumption and health. 
The fourth example shows to what degree anxiety and depression are associated with later sick leave granted 
for not only mental disorders, but also somatic disorders, adjusted for confounding by genetic and shared 
environmental factors. In the fifth example, we address the socioeconomic gradient in sick leave, adjusting 
for non-observed confounders associated with the family in a co-twin control design. Our examples illustrate 
some of the potentials obtainable by linking national registries with twin data. The efforts that have been 
made to create the NTR in Norway and the International Network of Twin Studies (INTR) internationally 
make these types of linkage studies easier to conduct and available to more researchers. As there are still 
many areas to explore, we encourage epidemiological researchers to make use of this possibility. 
 
This is an open access article distributed under the Creative Commons Attribution Licence, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
 
 

INTRODUCTION 
 
National registries provide quality controlled informa-
tion on “hard” outcomes such as employment status, 
medical diagnoses and treatment, as well as on impor-
tant confounders such as socioeconomic variables. 
Data in national registries are updated regularly, and 
thus provide the opportunity for longitudinal studies. 
As inclusion is mandatory, the data are, for all prac-
tical purposes, complete and not subject to recruitment 
bias. These types of data are challenging to collect 
using self-report and interview approaches as invited 
participants may decline to take part in the study and 
thereby limiting the representativeness of the data, or 
responses may be subject to bias due to memory or 
social desirability. However, having access to “hard” 
data through a national registry may not be satisfactory 
for all research purposes. Information on several im-
portant health variables is not available in registries. 
This includes health behavior (such as smoking, alco-
hol consumption and physical activity) or subjective 
evaluations of a person’s mental and/or physical health 
and well-being. One may therefore need to combine 
registry data with more in-depth data from self-report 

or interview measures. As the number and breadth of 
variables increase, so does the scope of possible re-
search questions. The combination of national registry 
data and health survey data makes it possible to not 
only investigate the prevalence of a condition, but also 
whether this condition is related to work satisfaction, 
exercise, eating habits, etc. 
 An important limitation to consider is that data from 
national registries and health surveys are subject to 
confounding (see below). The genetically informative 
data attained using twin registries can create even 
more valuable research opportunities: Twin data allow 
for us to investigate etiology and to come closer to in-
ferring causal associations. Linking national registries 
with twin registries is beneficial both for epidemiolo-
gical research where access to genetically informative 
data can be used to create designs that may reveal 
causal associations, and for twin research, which get 
access to information that is hard to collect in regular 
health surveys. 
 The present paper will give a brief introduction to 
national registries, confounding, twin designs, and twin 
registries, before providing five examples from our 
own research where a national registry (FD-Trygd) 
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was linked with a twin registry (NTR). The examples 
may serve as inspiration for using linkage between 
these two types of registries, and demonstrate that the 
combination provide opportunities to answer novel 
research questions. 
 
 
NATIONAL REGISTRIES 
 
The Nordic countries, and Denmark in particular 
(Frank, 2000), have succeeded in creating and main-
taining large-scale, centralized national registries, 
encompassing health registries. The latter category is 
especially suitable for research on various health 
outcomes, but registries that are not defined as health 
registries can also provide valuable sources for 
biomedical research. 
 A health registry can be defined as a collection of 
systematically stored health information, from which 
the information on each individual can be retrieved 
(Lovdata, 2015). The centralized registries are manda-
tory rather than consent-based, and usually include 
information that can be traced back to individuals 
through the national identification number issued to all 
Norwegians after they are born. These registries are 
governed by strict regulations, and new registries can 
only be established after approval from the Parliament. 
 In addition to the large-scale centralized health 
registries, there are several national registries that 
contain valuable information for health research, but 
which are not regulated by the Act on Personal Health 
Data Filing Systems (Helseregisterloven, Dahl, 2009). 
An example is Statistics Norway’s Historical Event 
Database, hereby referred to as FD-Trygd. FD-Trygd 
is a database containing data from the entire popula-
tion (1992 and onwards) from several sources: Regis-
tries at Statistics Norway; the Norwegian Labor and 
Welfare Organization and the Employment Directorate; 
and the Norwegian Tax Administration. The database 
contains information regarding all social security 
benefits in Norway, including for instance sickness 
benefits, social assistance, rehabilitation allowance, 
disability pension and unemployment benefits 
(Akselsen et al., 2007). Diagnoses for the benefits are 
also included in the database. Data from FD-Trygd are 
often supplemented with information from related 
datasets, also administered by Statistics Norway, such 
as the Norwegian Education Registry. Table 1 displays 
large national registries in Norway. 
 
 
THE PROBLEM OF CONFOUNDING 
 
In longitudinal observational studies, confounding 
poses a considerable threat to the validity of studies 
aiming to identify causal mechanisms. Confounding 
occurs when an extraneous variable is associated with 
both the exposure and the outcome. This creates 
spurious associations. Confounders can be either 
measured, and thereby statistically controlled for in 
the model, or unmeasured (Richmond et al., 2014). 

The latter introduces the greatest problems for causal 
inference. For instance – there is a positive association 
between smoking and schizophrenia (de Leon and 
Diaz, 2005). As smoking most commonly precedes a 
schizophrenia diagnosis (Levander et al., 2007), it is 
tempting to conclude that smoking may be a causal 
factor for this disorder. Attempts have been made to 
explain this hypothesis biologically, for instance that 
smoking is a way of self-medicating the symptoms of 
schizophrenia (Dalack et al., 1998). Both smoking and 
schizophrenia are influenced by genetic factors (Li et 
al., 2003, Sullivan et al., 2003). If genetic factors in-
fluencing smoking also influence liability to schizo-
phrenia, one would observe a correlation between 
genetic factors influencing both. Previous studies have 
found that shared genetic risk factors may account for 
the association between nicotine dependence and schi-
zophrenia (Ferchiou et al., 2012, Lyons et al., 2002). 
The association may therefore be an example of un-
measured genetic confounding, a phenomenon often 
overlooked in social science. There is also the possi-
bility of unmeasured environmental confounding, 
occurring when there is one or more contextual factors 
that affect both the exposure and the outcome. For the 
example above, low socioeconomic status is worth 
mentioning, as it is associated with both smoking and 
schizophrenia (de Leon and Diaz, 2005).  
 One way to evaluate the extent of both genetic and 
environmental confounding is to study data from gene-
tically informative samples. Although, as described 
below, such designs do not rule out confounding, the 
possibility of identifying causality is increased. This is 
especially true for the study of twin samples, and is 
one of the reasons for the increased popularity of twin 
studies seen over the past decades. 
 
 
 
 
Table 1.  Relevant national registries in Norway. 
 
Health registries 
Cause of Death Registry 
Cancer Registry of Norway 
Medical Birth Registry 
Norwegian Immunization Registry 
Norwegian Information System for the Nursing and Care Sector 
Norwegian Patient Registry 
Norwegian Prescription Database 
Norwegian Surveillance System for Antimicrobial Drug Resistance 
Norwegian Surveillance System for Communicable Diseases 
Norwegian Surveillance System for Infections in Hospitals 
Registry of Pregnancy Termination 
Registry of the Norwegian Armed Forces Medical Services 
The Central Tuberculosis Registry 
Other registries 
Norwegian Education Registry 
Norwegian Income Registry 
Statistics Norway’s Historical Event Database  
The National Registry 
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TWINS – A NATURAL QUASI-EXPERIMENTAL 
DESIGN 
 
There are two types of twins – monozygotic and di-
zygotic. Whereas dizygotic (DZ) twins are the result of 
two sperm cells fertilizing two egg cells, monozygotic 
(MZ) twins develop from one fertilized egg cell that 
divides into two embryos during the first two weeks of 
gestation. As a result, DZ twins resemble ordinary sib-
lings in that they share on average 50% of their genetic 
material, but unlike ordinary siblings they also share the 
intrauterine environment and time of birth. Given that 
MZ and DZ twin grow up in the same family, they are 
assumed to share the family environment to an equal 
extent (Plomin et al., 2001). This implies that if MZ twins 
on average are more similar to each other within pairs 
than DZ twins on a given trait – the similarity must to 
some extent be due to genetic influences. 
 These characteristics of MZ and DZ twins make up a 
neat, natural quasi-experimental design and renders twin 
data useful for epidemiological research for at least two 
reasons. First, twin data make it possible to quantify to 
what degree genetic and environmental factors influence 
individual differences in susceptibility to a trait or 
disorder. This is most often done using the classical twin 
design (Jinks and Fulker, 1970, Martin and Eaves, 1977). 
Individual differences in various traits are assumed to 
originate from three sources; additive genetic (A), 
shared environmental (C), and non-shared environ-
mental (E) sources. Whereas A make up the genetic 
part of the equation, C is defined as environmental 
factors contributing to similarity between twins, and is 
further assumed to have an equal effect on MZ and DZ 
twins. E is per definition not shared between twins in a 
pair, and therefore does not contribute to twin simila-
rity. The E component also includes measurement 
errors. The amount to which these components con-
tribute to variation in a trait can be estimated using 
structural equation modelling (Neale and Maes, 2000). 
Classical twin studies can also be used to investigate 
more challenging questions, such as why some traits (for 
instance mental disorders) tend to co-occur, and to what 
extent genetic and environmental influences can account 
for stability and change in a given trait or disorder. Twin 
methodology has also been used to investigate pheno-
types that are not traditionally perceived as being influ-
enced by genes, such as life events, and medical benefits. 
 Second, MZ twin pairs are as close as we can come to 
an ideal matched-pairs or matched-group design. In the 
latter design, individuals matched on certain characte-
ristics believed to influence the outcome variable, are 
assigned to different experimental groups (Bordens and 
Abbott, 2002). However, there may be more variables, 
unknown to the researcher that can influence the out-
come. In a twin design, the twin pairs are not only 
matched on genetic factors. Twins are also perfectly 
matched on common confounders such as age and child-
hood SES if raised together. Twin data can therefore be 
used to approximate causal associations. The most 
used design for this purpose is the discordant twin 

design (McGue et al., 2010). Twin pairs that are 
discordant on a trait, such as alcohol use, enable the 
researcher to investigate what the counterfactual con-
sequences are for individuals not exposed to a certain 
condition. Alcohol consumption in moderate amounts 
has in some studies been linked to beneficial outcomes 
when compared to abstainers (Goldberg et al., 1999). 
Although this may seem as a paradox, there are rea-
sonable explanations as to why this pattern emerges. 
For instance – moderate alcohol consumption is 
positively associated with socioeconomic status, and 
negatively associated with disease. In investigating 
whether alcohol may have beneficial effects, it is 
important to use a design that allows us to discontinue 
the influence of confounding. A sample of genetically 
identical twins that shares rearing environment pro-
vides an almost ideal situation for comparing outcomes. 
If the association between alcohol consumption and an 
outcome is due to genetic or shared environmental 
confounding, the alcohol consuming co-twin would be 
just as likely as the abstaining twin to have a negative 
outcome. 
 
 
TWIN REGISTRIES 
 
A twin registry is a collection of data on MZ and DZ 
twins usually initiated and maintained by an academic 
institution. Unlike most other national registries, these 
data are typically consent-based. For broad research 
aims, the most valuable twin samples are population-
based. Until a few years ago, there were several twin 
cohorts in Norway, distributed over different research 
institutes (Harris et al., 2002). In 2009, these were 
incorporated in the Norwegian Twin Registry (NTR) 
that now consists of approximately 30,000 twins from 
birth cohorts spanning almost 100 years, and data on a 
wide range of variables (Nilsen et al., 2012; Nilsen et 
al., submitted). In other Nordic countries, centralized 
twin registries have existed longer. Sweden, Denmark 
and Finland have all established large-scale twin 
registries (Kaprio et al., 1978, Magnusson et al., 2013, 
Skytthe et al., 2011). There are also examples of twin 
registries elsewhere in the world that seek to cover the 
whole country, such as in Australia (Hopper et al., 
2013), the Netherlands (Boomsma et al., 2006), Sri 
Lanka (Sumathipala et al., 2013) and the United King-
dom (Moayyeri et al., 2013). 
 Efforts are being made to create twin registries that 
go across national borders. Through the International 
Network of Twin Registries (INTR) (Buchwald et al., 
2014), the researchers behind this initiative seek to 
build a platform for global scientific cooperation. The 
possibilities for scientific benefits are many with a 
global twin registry network. For instance, it will be 
possible to harmonize data to increase sample size and 
gain better understanding of phenotypes across natio-
nal borders. Meta-analyses can be conducted, and the 
data will be accessible for a broader array of resear-
chers from different countries. 
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STUDYING MEDICAL BENEFITS – FIVE 
EXAMPLES FROM RECENT RESEARCH 
 
Medical benefits, such as economic reimbursement 
when health problems make a person unable to work, 
are key concepts of the welfare society. A crucial goal 
is to keep such benefits at a level that maximizes both 
the public’s view of what is fair, and a level that is 
“healthy” for the population. With increasing levels of 
sick leave and disability pensioning in many Western 
societies the past decades, huge efforts have been made 
to promote research on risk and protective factors for 
sick leave and disability pension. As national registries 
are rare around the world, most of the studies on 
medical benefits originate from the Nordic countries. 
Research on medical benefits is challenging, as these 
are complex phenomena associated with a wide array 
of risk factors. There are also varying definitions and 
processes of certifications across countries. Previous 
research on medical benefits has typically focused on 
various types of risk factors. Most of the studies on 
risk factors have not had adequate design or data for 
revealing possible causal relationships, and many have 
been characterized as having low quality (Allebeck 
and Mastekaasa, 2004). Although it is valuable to 
establish associated risk factors, we also need know-
ledge on which risk factors that are causing individual 
differences in these phenomena. 
 In the remaining part of this paper, we will describe 
the resulting new knowledge that was gained through 
the linkage that was made in 2011 between NTR, 
described below, and FD-Trygd from Statistics 
Norway. The linkage enabled novel research on the 
association between personality disorders, alcohol use 
and medical benefits, among other aims, from a new 
angle. We will refer to five sub-studies from our re-
search group, including four published papers and one 
work in progress. 
 
Example 1 – the association between sick leave and 
disability pension  
In the first sub-study, we investigated to what degree 
genetic and environmental factors contribute to two 
types of medical benefits that are closely related, 
namely long-term sick leave and disability pension 
(Gjerde et al., 2013). Most individuals on sick leave 
(SL) return to work, but a few will transition to 
disability pension (DP). There is an increased risk of 
having DP after one or more episodes of SL (Gjesdal 
et al., 2005, OECD, 2006), but regular epidemiological 
studies alone cannot inform us on why this is so. 
Before the project “Consequences of personality 

disorders – A population-based study of young adults”, 
there was limited knowledge on the association 
between SL and DP. Evidence also pointed towards a 
social transmission mechanism of medical benefits 
(Kristensen et al., 2004, Rege et al., 2012) – meaning 
that if you have for instance a parent or a neighbour on 
a disability pension award, this could increase your 

risk of also being awarded disability pension through a 
social “contagion” mechanism. As explained above, 
twin data can be used to investigate to what extent 
family and rearing environment (C) plays a part in this 
association. The few genetically informative studies 
that had been conducted on medical benefits also 
mostly included individuals older than 40 years (Har-
konmäki et al., 2008, Narusyte et al., 2011, Svedberg 
et al., 2012). Knowledge on etiological factors for 
medical benefits for young adults was therefore lacking. 
 We used a sample from The Norwegian Institute of 
Public Health Twin Panel (NIPHTP) (Harris et al., 
2006), now included in NTR. The panel contains 
information on twins that were identified through the 
Medical Birth Registry (MBR) of Norway. The MBR 
was established in 1967, and receives mandatory noti-
fication of all live- and stillbirths of at least 16 weeks 
of gestation. The NIPHTP consists of 15,374 like- and 
unlike-sexed twins that were born in Norway between 
1967 and 1979. In 1992 and 1998 a subsample of the 
participants completed a questionnaire. Here, informa-
tion on a wide array of variables such as mental and 
physical health was collected. In addition, an interview 
study was conducted between 1999 and 2004 to assess 
lifetime history of psychiatric disorders and substance 
abuse (Axis I) and personality disorders (Axis II) as 
diagnosed by the DSM-IV. Zygosity of the twins was 
determined using questionnaire items previously 
shown to classify correctly more than 97% of the twin 
pairs (Harris et al., 2002, Magnus et al., 1983). After 
linkage with FD-Trygd using National identification 
numbers, the sample consisted of 7,710 twins that 
were eligible for sick leave and disability pension 
allowance. 
 The disability pension (DP) variable comprised all 
twins that were on disability pension in the follow-up 
period (1998 to 2008). Individuals that had been gran-
ted DP before 1998 were also included if they were 
still on DP in the follow-up period. We constructed a 
variable scored as 0 = “no DP”, 1 = “at least one 
period of graded (40-90%) DP”, and 2 = “only full-
time (100%) DP”. 
 SL was defined as sickness absence > 16 days, the 
minimum sick leave period recorded in our dataset. 
We summed up the total number of sickness absence 
days, rehabilitation and working days in the 10 year 
follow up period; either up to the time of granted DP, 
death or 2008. The SL variable was then defined as a 
proportion (0-100%) between the cumulative number 
of sick days and rehabilitation days over the number of 
potential working days. As the level of employment 
varied between individuals in our sample, it was 
necessary to construct the variable as a proportion. 
 To answer these research questions, we first ran 
univariate twin models for SL and DP separately. We 
also included a sibling interaction parameter (Eaves, 
1976) in the covariance expressions for the different 
zygosity groups (MZ twins vs. DZ twins) in the uni-
variate models to investigate whether there was 
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evidence for twins within pairs affecting each other’s 
liability to SL or DP. We also ran a bivariate Cholesky 
twin model (Figure 1) to investigate to what extent 
there were shared genetic and environmental influen-
ces on the phenotypes. The Cholesky method (Neale 
and Cardon, 1992) decomposes the variance-covariance 
structure of the measures into effects stemming from 
three latent sources (A, C and E). The first variable is 
assumed to be a perfect indicator of the latent factors 
“A1”, “C1” and “E1” that can also explain variance in 
the second variable. The second variable is also 
explained by a set of latent factors “A2”, “C2” and “E2” 
not shared by the observed variables. Full information 
maximum likelihood estimation was used to arrive at 
the parameter estimates, and Akaikes Information Cri-
terion (Akaike, 1987) and chi-square tests were used to 
select the best fitting model. 
 We found that the association between SL and DP 
to a large extent was due to shared etiological factors. 
Thus, factors that increase risk for SL also tend to 
increase risk for DP. However, there was evidence of 
genetic variance not shared between these phenomena. 
This unique genetic risk factor could for instance 
reflect liability to more severe mental and somatic 
disorders that in the end may lead individuals to be 
excluded from the work force. Most of the variance in 
SL and DP was also due to genetic influences, which 
probably reflect liability to genetically transmittable 
diseases. This finding also implies that the trans-
mission of risk for medical benefits within families is 
likely due to genetic rather than environmental 
mechanisms. 
 
Example 2 – The association between personality 
disorders and sick leave  
In the second sub-study, we explored the relationship 
between personality disorders and long-term sick leave 
(Gjerde et al., 2014). The background for the paper 
was that very few studies have investigated how 
personality disorders affect propensity to work force 
participation, and none had used a genetically infor-
mative design. 
 The details of the study sample are described under 
Example 1 and consisted of 2,771 twins eligible for 
sick leave and with valid scores on the SIDP-IV. 
 The SL variable is described under Example 1. In 
addition, personality disorders (PDs) were measured 
with the Structured Interview for Personality (SIDP-
IV), which is a comprehensive semi-structured diag-
nostic interview for DSM-IV Axis II disorders (Pfohl 
and Zimmerman, 1995). Each DSM-IV criterion is 
scored as 0 = ”absent”, 1 = “sub-treshold”, 2 = “pre-
sent” or 3 = “strongly present”. We summed the criteria 
that were scored as 1 or higher, in accordance with 
previous studies on the same sample (see e.g. Kendler 
et al., 2006). In effect, we therefore did not assess PDs 
per se, but rather dimensional representations of PDs. 
For convenience, we refer to these variables as PDs. 
 We first conducted ordinal regression analyses to 
investigate which PDs were associated with SL. The 
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Figure 1.  A bivariate twin model, shown for one of the twins in a pair. 

 

 

 

 

 
Figure 2.  Possible risk patterns that can be expected in a discordant twin analysis. 
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Cholesky model described under Paper 1 was then 
expanded to include four variables. Although multi-
variate Cholesky models do not permit conclusions 
regarding causal pathways, some inferences can be 
made. For phenotypes that are influenced by genetic 
and environmental factors, finding only a genetic, but 
not an environmental correlation, would not indicate 
causality, but rather that the association is due to 
genetic factors shared between the phenotypes (De 
Moor et al., 2008). 
 We found significant associations between schizo-
typal, borderline and paranoid PD and SL, but 90% of 
the variance in SL was due to other factors than these 
disorders. The variance that was shared between the 
PDs and SL was almost entirely due to shared genetic 
influences. Together, the genetic contributions from 
the three PDs could account for 20% of the heritability 
of SL. The results did not support a causal hypothesis, 
but rather that the association between PDs and SL was 
due to genetic confounding. Also, the results imply 
that environmental factors that increase risk for PDs 
are not the same as those that increase risk for SL. 
 
Example 3 – alcohol consumption and sick leave  
There is a widely held belief that moderate alcohol 
consumption is health-promoting as compared to not 
drinking. This assumption is based on the curve-linear 
relationship that is often observed between alcohol 
consumption and various health measures, where low 
drinkers tend to have worse health than moderate 
drinkers. Some argue that this favourable outcome 
among moderate drinkers is due to a genuine health-
promoting effect of alcohol (Vahtera et al., 2002), 
while others believe that these findings are more likely 
due to unmeasured confounding (Andreasson, 2007, 
Fekjær, 2013, Holder, 2007, Klatsky, 2007). By using 
twin data, it is possible to investigate this association 
between alcohol consumption and a chosen health 
measure to examine whether the association is influ-
enced by genetic confounding. 
 In 1998, 8,045 twins from the NIPHTP/NTR (de-
scribed under Example 1) participated in a comprehen-
sive questionnaire based study on mental and somatic 
health, in which they responded to questions on health 
measure to examine whether the association is influ-
enced by genetic confounding.
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 In 1998, 8,045 twins from the NIPHTP/NTR (de-
scribed under Example 1) participated in a comprehen-
sive questionnaire based study on mental and somatic 
health, in which they responded to questions on health 
behaviour and alcohol use. For each question, the 
participants were categorized as belonging to one of 
three consumption groups: low, moderate or high, and 
in the further analyses we compared the participants 
with a low level of alcohol consumption with those 
with a moderate level of consumption. The final 
sample comprised 6,734 twins. 
 We performed discordant twin analyses to examine 
the effect of moderate versus low use of alcohol and 
the associated effect on sick leave. In a discordant twin 
analysis, one first estimates an association between an 
exposure and an outcome (in our case alcohol use and 
sick leave) in the total sample, for example using line-
ar regression. Then the same association is estimated 
within twin pairs discordant for the exposure (i.e. 
alcohol use), for example by using paired sample t-
tests. This is done separately for MZ and DZ twin 
pairs. When discordant twin analyses are performed to 
investigate whether an association is confounded or 
not, one of three main patterns of results can be 
expected. If the relationship between exposure and 
outcome is causal, and not confounded by childhood 
environment or genetic factors, the association will be 
just as strong in the total population as within 
discordant twin pairs (left model in Figure 2). If the 
relationship is non-causal and confounded by early 
shared environment, the association will be weaker 
within discordant twin pairs than in the total popu-
lation, and the same within di-zygotic pairs as within 
monozygotic pairs (middle model in Figure 2). If the 
relationship is non-causal and confounded by genetic 
factors, the association will weaken with increased 
genetic similarity, meaning the association will be 
weaker within monozygotic pairs than within di-
zygotic pairs (right model in Figure 2). 
 Our preliminary results indicate a risk pattern 
resembling the rightmost chart in Figure 2, with the 
association between alcohol and sick leave being 
weaker within DZ twin pairs than in the total popu-
lation, and even weaker within MZ twin pairs. This 
implies that the increased risk for sick leave associated 

with low drinking (an association observed in the total 
population), would be assumed to not be a causal 
effect from “lack of alcohol”, but rather an effect that 
is confounded by genetic or familial factors. 
 
Example 4 – Internalizing disorders and sick leave 
granted for mental and somatic disorders  
In the fourth sub-study (Torvik et al., 2014), we inves-
tigated to what degree internalizing disorders (anxiety 
and depression) were prospectively associated with 
sick leave. It was already known that mental disorders 
were associated with sick leave, and that mental dis-
orders were associated with disability due to somatic 
conditions. However, the association between mental 
disorders and sick leave due to somatic disorders was 
not known. In addition, we investigated the extent to 
which common genetic and environmental risk factors 
influenced these relationships. 
 We used two different conceptualizations of inter-
nalizing disorders: In the large sample consisting of 
7,710 twins described under Example 1, we used 
symptoms of anxiety and depression, assessed with 
five self-report questions. In a subsample, consisting 
of 2,770 twins, described under Example 1, we defined 
diagnostically assessed mood and anxiety disorders, 
with the exception of specific phobia, as internalizing 
disorders. The sick leave variables were defined simi-
larly as in the other papers, with the exception that we 
used two sick leave variables (one for mental and one 
for somatic diagnoses). 
 We fitted trivariate Cholesky decompositions 
(described under Example 1) to the data and ran 
discordant twin analyses (described under Example 3). 
The results indicated that internalizing disorders were 
associated with sick leave granted for both mental 
disorders and somatic disorders. Both genetic and non-
shared environmental factors were found to contribute 
to the association between internalizing disorders and 
sick leave granted for mental disorders to an extent 
that was consistent with a causal effect, as one would 
expect. However, the association between internalizing 
disorders and sick leave granted for somatic disorders 
could be explained by common genetic factors alone, 
which is not consistent with causality. In line with this, 
MZ twins discordant for internalizing disorders 
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differed significantly in rates of sick leave granted for 
mental but not somatic disorders. The finding that 
internalizing disorders lead to more sick leave granted 
for mental disorders is as one should expect, and may 
be seen as a validation of the method. However, the 
association between internalizing disorders and sick 
leave granted for somatic disorders appears to be 
confounded by genetic factors. Possible explanations 
for this confounding include comorbidity, possibly due 
to shared risk factors such as neuroticism, coping 
skills, and sickness behavior. In conclusion, interna-
lizing disorders in young adults indicated a higher risk 
of sick leave granted for both mental and somatic 
disorders, but only the association with sick leave 
granted for mental disorders was consistent with 
causal explanations. 
 
Example 5 – Socioeconomic status and sick leave  
The fifth sub-study concerned the socioeconomic status 
(SES) gradient in sick leave (Torvik et al., 2015). 
There is a well-documented social gradient in health, 
but there is no consensus on whether this association is 
causal. There are several causal explanations. Low 
SES is associated with risky health behaviors and 
harsher work environments and can affect physiolo-
gical outcomes, such as blood pressure (Mendelson et 
al., 2008). On the other hand, there could be selection 
of healthy individuals into high SES. Parts of the SES 
gradient in health appear to be confounded by genetic 
factors (Osler et al., 2007). SES differences in sick 
leave are not merely a byproduct of the health gradi-
ent, but the same mechanisms could be at play for the 
SES gradient in sick leave. Personality (Roberts et al., 
2007), self-control (Moffitt et al., 2011), and general 
ability (Batty et al., 2006) could represent background 
risk factors confounding the association between SES 
and sick leave. There can also be selection into jobs 
with hard working conditions. In this paper, we 
estimated the degree to which education and income 
were prospectively related to sick leave granted for 
mental and somatic disorders and sick leave granted 
for any disorder, and investigated whether these 
associations remained when adjusting for confounding 
genetic and shared environmental factors, that is, 
whether the associations were consistent with a causal 
explanation. We used the questionnaire sample 
described under Example 1, and used registry data on 
educational attainment and income at age 30 as expo-
sure variables, and subsequent sick leave as outcome. 
The average follow-up time was 6.6 years. The results 
indicated that low education and income were 
associated with sick leave granted for both mental and 
somatic disorders, and with sick leave granted for any 
disorder. Education was more strongly related to sick 
leave than was income, possibly because the sample 
was young. Associations were attenuated within 
dizygotic twin pairs and reduced to non-significance 
within monozygotic twin pairs, suggesting influence of 
familial factors on the associations between SES and 
sick leave. Therefore, the association between SES and 

sick leave was at least strongly, and possibly fully, 
confounded by familial factors. Non-significant 
findings cannot be taken as evidence that causal effects 
between SES and sick leave do not exist. However, 
considering the sizes of the confidence intervals, 
possible causal effects were clearly smaller than the 
crude associations between SES and sick leave. Of 
course, it may be that other indicators of SES, such as 
social capital or occupation are more important with 
regard to sick leave. Some individuals hold jobs where 
they cannot fully utilize their education, whereas other 
individuals with low educational level achieve high-
status positions. Further, and importantly, if health 
differences between SES groups are due to lifestyle, 
diet, substance abuse, health literacy or wear and tear 
injuries, the effects of these are likely to accumulate 
over time. The effects of SES on sick leave may there-
fore be stronger among older individuals. Neverthe-
less, education and income per se were not likely to 
strongly affect sick leave in young adulthood. 
 
 
DISCUSSION 
 
In the current paper, we have used the examples of 
personality disorders, internalizing disorders, alcohol 
use and socioeconomic status and their possible 
influence on medical benefits to illustrate how the 
linking of a health registry with a twin registry can 
contribute to maximizing the potential inherent in both 
data sources. 
 The first study example – namely on the genetic and 
environmental association between sick leave and 
disability pension, was the first to investigate this 
association using a twin design. Only two Swedish 
(Narusyte et al., 2011, Svedberg et al., 2012) and a 
Finnish study (Harkonmäki et al., 2008) had been 
conducted before on the phenotypes separately using a 
twin design. These countries were most likely the first 
to look into these phenotypes using twins due to their 
excellent population- and twin registry data. Twin 
studies generally require large samples in order to 
attain sufficient statistical power. When investigating 
rare conditions such as disability pension, the sample 
size becomes vital. The study described in example 1 
would be possible to do without registry data. Sweden 
has a large twin study where self-report data on sick 
leave and disability pension was obtained for over 
29,000 twins (Svedberg et al., 2010). When comparing 
the self-report data with registry data, the authors 
found good agreement between self-report and registry 
data on disability pension, but only moderate agree-
ment for sick leave (Svedberg et al., 2010). A study 
based on self-report would therefore be an alternative 
if registry data were not available, but the quality of 
the data would have been different. Although the 
Swedes have the opportunity to use the rich data 
source from their twin studies, such a study would be 
difficult to do in Norway without the registry data on 
medical benefits, as after linkage with the twin regis-
try, only 253 individuals had disability pension. Doing 
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twin modelling on so few data points was challenging, 
and impossible for all zygosity groups. Consequenti-
ally, we were unable to investigate sex differences. 
 Much of the same arguments as above can be used 
for the second example on personality disorders and 
sick leave. The study was the first of its kind, and 
would be difficult to do without registry data and the 
fairly large twin sample inherent in NTR for which we 
have diagnostic data on. The number of twins endor-
sing personality disorders symptoms was however 
low, and this is a limitation of the study. It is possible 
that linking the entire NTR with the Norwegian Patient 
Registry would improve matters somewhat, but then 
we may encounter another problem, as health registries 
depend on information from health services. Studies 
using health registry data are therefore, like studies 
with clinically recruited samples, not necessarily 
representative for all individuals with a condition, but 
rather for subjects receiving treatment for the condi-
tion. The bias increases when we take into considera-
tion the fact that individuals with personality disorders 
come into contact with treatment services less often 
than individuals with other mental disorders. More-
over, subjects in treatment usually have more severe 
disorders and higher rates of comorbidity, a pattern 
that may contribute to Berkson’s bias (Berkson, 1946). 
 In all examples but the first and second, we could 
profit from the large amount of twins participating in 
the questionnaire study. The linkage with the FD-
Trygd registry opened up possibilities to investigate 
phenomena for which there exists a large phenotypic 
literature, such as alcohol consumption, internalizing 
disorders and socioeconomic status. By using dis-
cordant twin analyses to investigate associations we 
placed ourselves in a stronger position to delineate the 
causes behind the phenotypic links. The preliminary 
indications of familial confounding between alcohol 
and sick leave may be a welcomed contribution to an 
inconclusive literature. Furthermore, it may add 
nuance to the positive image of drinking that is often 
portrayed in the media. The study on internalizing 
disorders and mental and somatic sick leave showed 
that there is most likely a causal link between interna-
lizing disorders and sick leave granted for mental 
disorders, but that the association between interna-
lizing disorders and sick leave granted for somatic 
disorders most likely was due to genetic confounding. 
The first part may not be surprising, and is also 
supported by previous observational studies (e.g. 
Stansfeld et al., 2011). The use of a discordant twin 
design rendered us able to make a stronger claim that 
the association is true than has previously been 
possible. The study on socioeconomic status and sick 
leave was the first of its kind, and profited from the 
detailed and annually updated data on education and 
income in the Norwegian Education Registry and the 
Norwegian Income Registry. The study found 
evidence for the associations being due to familial 
confounding. Thus, other factors may be involved, 

such as personality or specific disorders, in explaining 
the associations. 
 The study on internalizing disorders and sick leave 
may be the best example included here to demonstrate 
how one can maximize the value that lies within both 
national registries and data available from previous 
twin studies. Here, diagnoses were extracted from two 
independent sources – FD-Trygd and the interview 
study in NTR. In addition, symptoms of internalizing 
disorders were available from the questionnaire study 
in NTR. The registry diagnoses were used to separate 
sick leave due to mental and somatic disorders. Twin 
analyses were then conducted on the two NTR sources 
of internalizing symptoms, which made a validity-
check of the results possible. 
 
Limitations  
It would be beyond the scope of this paper to go into 
details on the limitations in the various examples de-
scribed. These are described in the previously pub-
lished papers (Gjerde et al., 2013, Gjerde et al., 2014, 
Torvik et al., 2014, Torvik et al., 2015). It is, however, 
important to note that twin studies have several 
important limitations, whether data are linked to public 
registries or not. Most important is the issue of sta-
tistical power. As only a fraction of the population are 
twins – and thus eligible for inclusion in population 
based twin studies, it is hard to obtain large enough 
data sets to study disorders or traits of low prevalence. 
The analyses are further restricted by the requirement 
of a sufficient number of discordant pairs in all 
zygosity groups to obtain reliable data from behavioral 
genetic and co-twin control analyses. Some of these 
limitations are described in more details in other 
papers in the current issue of Norsk Epidemiologi. 
 Nevertheless, we argue that there is much to be 
gained from linking health surveys from twins with 
population registries, and most importantly a deeper 
understanding of the association between exposure and 
outcomes first obtained from traditional epidemiologic 
studies. Our examples above illustrate some of these 
potentials. The efforts that have been made to create 
the NTR in Norway and the INTR internationally 
make these types of linkage studies easier to conduct 
and available to more researchers. As there are still 
many areas to explore using the potential within a 
linkage between national and twin registries, more 
epidemiological researchers should make use of this 
possibility. 
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