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Background: Previous research indicates that liability to disability pension (DP) due to mental diagnoses
is moderately influenced by genetic factors. This study investigates whether genetic contributions to the
liability to DP due to mood and neurotic diagnoses overlap with the genetic influences on major depression
(MD), generalized anxiety disorder (GAD), or chronic fatigue (CF).

Method: A prospective cohort study including 9,985 female twins born in Sweden 1933-1958. The presence
of MD, GAD, and CF was assessed by computer-assisted telephone interviews conducted in 1998-2002.
Data on DP due to mood and neurotic diagnoses were obtained from nationwide registers for the years
1998-2010. Common genetic and environmental influences on the phenotypes were estimated by applying
structural equation modeling.

Results: The prevalence of MD/GAD was 30%, CF 8%, and DP due to mood and neurotic diagnoses 3%
in 2010. Genetic effects on MD/GAD explained 31% of the total genetic variation in DP, whereas genetic
contributions in common with CF were small and not significant. The majority of the total non-shared
environmental variance in DP (85%) was explained by the factors that were unique to DP.

Conclusions: Large proportions of genetic and non-shared environmental influences in DP due to mood
and neurotic diagnoses were not explained by the contributions from MD/GAD or CF. The results suggest
that the process leading to DP is complex and influenced by factors other than those related to the disorder
underlying DP.
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The DP is an ultimate exit from the labor market due to per-
manent incapacity to work caused by disease or injury. High
rates of DP are considered a major public health problem
with negative consequences for the individual, employers,
and society as a whole (Alexanderson & Norlund, 2004).
During the last decades several European countries have
seen a steady rise in DP primarily accounted for by an in-
crease in individuals with mental health diagnoses (OECD,
2013). Currently this is the largest DP-diagnosis group in
Sweden and the United Kingdom. Understanding the path-
ways — involving both heritable and environmental risk
factors — in the development of DP is crucial for improv-
ing prevention strategies targeting early exclusion from the
labor market.

Although the decision on granting DP is based on med-
ical grounds, a number of factors other than those re-
lated to the underlying diagnosis have been associated with

DP (Dekkers-Sanchez et al., 2008). A variety of socio-
demographic, work-related, and health-related factors have
been reported to increase the risk of DP (Alexanderson
& Norlund, 2004; Bultmann et al., 2008; Knudsen et al.,
2010; Mykletun et al., 2006). Specifically, the risk for DP is
inflated in the presence of psychiatric comorbidity com-
pared to DPs without comorbid psychiatric conditions
(Ervasti et al., 2014; Wedegaertner et al., 2013). However,
more knowledge is needed regarding to what extent DP
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and comorbid psychiatric disorders share common genetic
and/or environmental factors.

Previous twin studies have shown that a large proportion
of the variance in DP is explained by heritable factors. For
example, 45% of the liability to DP due to mental diagnoses
was explained by genetic factors (Harkonmaki et al., 2008;
Narusyte et al., 2011). In a similar manner, genetic factors
have been found to explain approximately 40% and 20% of
the variation in depression and anxiety respectively, the two
most common mental diagnoses underlying DP (Bienvenu
et al., 2011). It is possible that the genetic liability to DP
due to depressive or anxiety diagnoses might be explained
by genetic factors contributing to medical conditions that
are comorbid with the disorder underlying DP. One of such
conditions may be CF, which has previously been reported
to frequently co-occur with depressive and anxiety disor-
ders (Fischler et al., 1997; Hickie et al., 1990; Kroenke et al.,
2007) as well as to predict DP or work disability (Knud-
sen et al., 2011; Leone et al., 2006; Markkula et al., 2011;
van Amelsvoort et al., 2002). The co-occurrence of depres-
sion, anxiety, and CF has partly a common genetic influence
(Kato et al., 2009) as well as unique genetic and environ-
mental influences on CF (Hickie et al., 1999). Thus, genetic
susceptibility to CF may also contribute to genetic liability
to DP and explain the developmental pathway to DP due to
depressive or anxiety diagnoses.

The present study aimed to investigate to what extent lia-
bility to DP due to mental diagnoses among women can be
explained by genetic and environmental factors contribut-
ing to MD and GAD as well as to CE

Materials and Methods

Participants

The data were derived from the population-based Swedish
Twin project of Disability Pension and Sickness Absence
(STODS), which includes all twins from the Swedish Twin
Registry (STR) born in Sweden between 1925 and 1958
(n = 59,598 individuals; Lichtenstein et al., 2002). STODS
includes survey data from STR, information on old-age re-
tirement and year of emigration from Statistics Sweden,
data on deaths from the National Board of Health and Wel-
fare, and data on sick leave and DP from the National Social
Insurance Agency. The data from these various population-
based registries were linked to the twins by using the unique
10-digit personal identification number assigned to all res-
idents in Sweden.

The study sample included all women who have par-
ticipated in the Screening Across the Lifespan Twin Study
(SALT). SALT was conducted with the purpose to screen
twins for common complex diseases and is described in
more detail elsewhere (Lichtenstein et al., 2002; 2006).
Twins were interviewed by telephone between January 1998
and March 2003. In the present study, we included partici-
pants from the SALT study who were at risk of DP, younger
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than 65 years of age, lived in Sweden, and who were not on
old-age retirement or DP at baseline. Baseline was defined
as the date of the SALT interview. Also, twin pairs with un-
known zygosity or missing interview data were excluded.
Assignment of zygosity was based on questions about twin
intra-pair similarity in childhood. This method was vali-
dated with DNA, and showed at least 99% accuracy (Licht-
enstein et al., 2006).

The final study sample included 9,985 female twin indi-
viduals, comprised of 1,776 monozygotic (MZ) and 2,358
dizygotic (DZ) twin pairs as well as 1,717 females from
same-sex twin pairs where information on the co-twin was
missing. The mean age of the participants at baseline was
53.2 &+ 5.7 years.

Measures

DP due to mood and neurotic diagnoses. In Sweden,
adults younger than 65 years of age with a medically con-
firmed disease or injury that has led to permanent work
incapacity can be granted DP. For all twins, information
on date of and main DP diagnosis were obtained from
the National Social Insurance Agency’s database MicroData
for Analyses of the Social insurance (MiDAS) for the years
1998-2010. DP diagnoses were based on the 9th and 10th re-
visions of the International Classification of Diseases (ICD;
WHO, 1993). For the purposes of this study, ICD-9 diag-
noses were recoded to their ICD-10 equivalents. Mood and
neurotic DP diagnoses included ICD-10 sections F30-39
and F40-48.

Major depression (MD) and generalized anxiety disor-
der (GAD). In SALT, the presence of MD and GAD were
assessed using the computerized Composite International
Diagnostic Interview-Short Form (CIDI-SF), adapted from
its original design for 12-month prevalence of DSM-1V dis-
orders (Kessler et al., 1998). CIDI-SF criteria for MD were
validated against 1-year prevalence data with the full Com-
posite International Diagnostic Interview (Kendler et al.,
2006). Twins were considered as positive for a history of
MD if they either met the criteria for MD or reported that
they used or had used antidepressant medication (Kendler
et al., 2006). Individuals were classified as having GAD if
they reported excess worry and anxiety that had lasted for
at least six months (DSM-IV criterion A) and at least three
of five symptoms (except ‘difficulty concentrating or mind
going blank’) that were associated with worry and anxiety
and had lasted for at least six months (criterion C). The
assessment of MD and GAD in SALT is described in more
detail elsewhere (Kendler et al., 2006; 2007). For the pur-
pose of the present study, a binary variable combining MD
and GAD was created to indicate the presence or absence
of MD or GAD. That is, individuals were treated as affected
(MD/GAD = 1) if they had a positive history of MD or of
GAD.
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Chronic fatigue. Presence of CF was evaluated by using
criteria that were based on the Centers for Disease Con-
trol and Prevention consensus criteria for CF syndrome
(Fukuda et al., 1994). The stem question was ‘Have you felt
abnormally tired during the last six months?’, and was used
to code CF if any of the exclusionary conditions were absent
aswell as if CF implied impairment for the individual. Infor-
mation on exclusionary conditions was obtained from the
SALT interview and included data on presence of a number
of disorders and conditions (e.g., morbid obesity, alcohol
abuse, or multiple sclerosis; Evengdrd et al., 2005). In the
present study, the presence of impairment related to CF was
defined if the woman found herself being ‘too tired to live a
normal life’, or that fatigue was the reason behind her social
problems or reduced work capacity. A binary variable was
created and individuals were treated as affected (CF = 1) in
the presence of CE. For further details on the CF-screening
procedure, see (Evengard et al., 2005).

Statistical Analyses
Prevalence rates for MD/GAD, CF, and DP due to neurotic
or mood diagnoses were calculated for each zygosity group.
First estimates of genetic and environmental influences on
MD/GAD, CF, and DP were obtained by comparing how
similar twins are in a pair. Within-pair similarity for the
measures was assessed by calculating intraclass tetrachoric
correlations for each zygosity group. The twin method relies
on the fact that MZ twins share approximately all (100%) of
their genes while DZ twins share on average half (50%) of
all their segregating genes. Correlations among MZ twins
that are twice DZ correlations would, therefore, suggest
genetic influences, while more equal correlations between
both zygosity groups indicate shared environmental influ-
ences. Unique environmental influences are suggested by
MZ twin correlations less than 1.0 and also include measure-
ment error. Cross-twin, cross-trait tetrachoric correlations
were calculated and compared between MZ and DZ twins to
provide initial estimates of the genetic and environmental
influences on the covariation between the phenotypes.
Descriptive statistics, intraclass, and cross-twin cross-
trait correlations were computed using SAS statistical soft-
ware (SAS Institute Inc., 2013).

Multivariate Genetic Analyses
A multivariate genetic model was applied to decompose the
covariance between MD/GAD and DP into additive genetic
(A), shared environmental (C), or unique environmental
(E) components. The purpose of the multivariate genetic
analyses was to examine to what extent the total variation
in DP due to mood and neurotic diagnoses was explained
by factors contributing to MD/GAD and CF (Figure 1).
Genetic (rg) and environmental (r,) correlations between
MD/GAD and DP as well as CF and DP were estimated. A
genetic correlation indicates the extent to which genetic
effects on DP overlap with genetic effects on MD/GAD or
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FIGURE 1

Cholesky decomposition of the covariance between major depres-
sion/general anxiety disorder (MD/GAD), chronic fatigue (CF), and
disability pension (DP) due to mood and neurotic diagnoses.

CF. Similarly, the shared and non-shared environmental
correlations indicate to what extent environmental effects
on DP overlap with environmental effects on MD/GAD
or CE In addition, we calculated the extent to which the
covariance between the phenotypes could be explained by
common genetic or environmental effects, that is, whether
the genetic or environmental effects in MD/GAD and/or CF
were contributing to the genetic or environmental effects in
DP.

First, we estimated the full model, which included all
variance components (A, C, and E). Then, we fit two con-
strained models. In the first one, the shared environmental
component (C) was constrained to be zero for MD/GAD,
DP, and CF, and in the second model the genetic component
(A) was constrained to be zero. Model fit was determined
using Akaike’s information criterion (AIC) where a lower
AIC indicates a better fitting model.

Genetic analyses were performed using the software
package Mx, which applies maximum-likelihood approach
(Neale et al., 2006).
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TABLE 1

Prevalence of Major Depression/General Anxiety Disorder
(MD/GAD), Chronic Fatigue (CF), and Disability Pension (DP)
Due to Mood And Neurotic Diagnoses Among 9,985
Monozygotic (MZ) and Dizygotic (DZ) Female Twins

TABLE 3

Multivariate Model-Fitting Results for Major
Depression/General Anxiety Disorder (MD/GAD), Chronic
Fatigue (CF), and Disability Pension (DP) Due to Mood and
Neurotic Diagnoses

MZ (n = 4,141) DZ (n = 5,844) -2LL df AIC Adf Ax? P
n (%) n (%)
ACE  18,996.85 29,859  -40,721.15 — — —
MD/GAD 1,216 (29.5) 1,708 (29.5) ADE  18,993.94 29,859  -40,724.06 — — —
CF 315(7.6) 424 (7.3) AE 18,997.83 29,865 -40,732.18 6 3.88 .69
DP 108 (2.6) 139 (2.4) CE 19,033.80 29,865 -40,696.20 6 3695 <.01
Note: AIC = Akaike’s information criterion, x?> = difference in log-
likelihoods between models, df = degrees of freedom, A = addi-
tive genetic, C = shared environment, E = non-shared environment;
TABLE 2 best-fitting and parsimonious model in bold.

Intraclass and Cross-Twin Cross-Trait Tetrachoric Correlations
With 95% Confidence Intervals (Cl) for Major
Depression/General Anxiety Disorder (MD/GAD), Chronic
Fatigue (CF), and Disability Pension (DP) Due to Mood and
Neurotic Diagnoses

MD/GAD CF DP

Monozygotic (MZ) (n = 3,552)

MD/GAD  0.43(0.40-0.45)  0.25(0.21-0.29) 0.24 (0.19-0.29)
CF 0.45(0.41-0.49)>  0.19 (0.12-0.26)
DP 0.44 (0.37-0.51)?

Dizygotic (DZ) (n = 4,716)

MD/GAD  0.18 (0.16-0.21)*  0.11(0.07-0.15) 0.17 (0.12-0.22)
CF 0.10(0.05-0.15)*>  0.05(-0.02-0.12)
DP 0.29 (0.21-0.37)2

Note: ?Intraclass correlations; Phenotypic correlations were: DP-MD/GAD:
0.37 (0.34-0.40); DP-CF: 0.41 (0.37-0.45); MD/GAD-CF: 0.32 (0.30-
0.34).

The study was approved by the Regional Ethical Review
Board of Stockholm, Sweden.

Results

Descriptive statistics are presented in Table 1. Approxi-
mately 3% of the cohort was granted DP due to mood and
neurotic diagnoses during the follow-up period between
1998 and 2010. The prevalence of MD/GAD was 30% while
the prevalence of CF was 7% in both zygosity groups.

Intraclass and cross-twin cross-trait correlations are pre-
sented in Table 2. For all measures, the intraclass correla-
tions among MZ twins were at least twice the correlations
among DZ twins, suggesting that additive genetic influ-
ences are of importance. Dominant genetic effects seemed
to also contribute to the variance of MD/GAD and CF as
the intraclass correlations among MZ twins were at least
twice the DZ correlations. Cross-twin, cross-trait correla-
tions among MZ twins exceeded those of the DZ twins,
which indicate the importance of genetic influences on the
covariation between the measures. Correlation between DP
and MD/GAD among MZ twins was less than twice the
correlation between DZ twins, suggesting the presence of
shared environmental factors. The phenotypic correlation
between MD/GAD and DP was 0.37 and 0.41 between CF
and DP.
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FIGURE 2

Estimates of the best-fitting multivariate model of major depres-
sion/general anxiety disorder (MD/GAD), chronic fatigue (CF), and
disability pension (DP) due to mood and neurotic diagnoses.

Multivariate Genetic Analyses of MD/GAD, CF, and DP
First, we fit a full model including A, C, and E variance
components for all phenotypes (Table 3). Also, a full A, D,
E model was fit to estimate dominant genetic effects, as
suggested by the intraclass correlations for MD/GAD and
CE. Next, models where the C or D components were set
to zero were fit. This resulted in an improvement in model
fit (Ax?> = 3.88, Adf = 6, AAIC = -8.12). Omitting the A
component from the ACE model resulted in deterioration
in model fit (Ax? = 3.88, Adf= 6, AIC = -11.03). Thus,
the final best-fitting model included A and E components
for MD/GAD, CF, and DP.

The standardized and unsquared estimates of the best-
fitting model are presented in Figure 2. The total estimated
genetic variance of DP was 0.56% + 0.072 + 0.382 = 0.46.
Genetic influences unique to DP explained 68% (0.56%/
0.46 = 0.68) of the total genetic variance in DP. Approx-
imately 31% of the genetic variance in DP was explained
by genetic influences on MD/GAD. Genetic contributions
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unique to CF explained 1% of the variance in DP and were
not significant.

The total estimated non-shared environmental variance
of DP was 0.68% + 0.24> + 0.162 = 0.54. Non-shared envi-
ronmental influences on DP, MD/GAD, and CF explained
85% (0.682/0.54 = 0.86.), 5% (0.16%/0.64 = 0.05), and 10%
(0.242/0.54 = 0.11), respectively, of the total non-shared
environmental variance in DP.

Genetic factors explained 67% (0.65*0.38/0.65%0.38 +
0.76%0.16) of the total covariance (i.e., estimated pheno-
typic correlation) between MD/GAD and DP and 49%
(0.52%0.07 4+ 0.38*0.39/0.52*0.07 + 0.38%0.39+0.76%0.24
+ 0.10*0.16) of the total covariance between CF and DP.
The majority (80%) of the genetic factors contributing to
the covariance between CF and DP were in common with
MD/GAD (0.38%0.39/0.52*0.07 + 0.38*0.39). The genetic
correlation (r,) between MD/GAD and DP and between CF
and DP, were 0.56 and 0.42, respectively.

Non-shared environmental factors explained 33%
(0.76*0.16/0.65*0.38 + 0.76*0.16) of the total covariance
between MD/GAD and DP and 51% of the total covariance
between CF and DP. The majority (92%) of the non-shared
environmental contributions to the covariance between CF
and DP were in common with CF (0.76*0.24/0.76*0.24 +
0.10*0.16). The non-shared environmental correlation (r,)
between MD/GAD and DP was 0.21 and between CF and
DP it was 0.35.

Discussion

In the present study, we investigated the genetic and en-
vironmental contributions from MD/GAD and CF to DP
due to mood and neurotic diagnoses among women. Ap-
proximately 30% of the total genetic variance in DP was ex-
plained by the genetic factors contributing from MD/GAD.
There was a small and non-significant genetic contribution
from CF to DP. Non-shared environmental influences in
common with MD/GAD or CF played a minor role for the
variance in DP.

Of the genetic factors contributing to DP due to mood
and neurotic diagnoses, 68% were not explained by genetic
influences common with MD/GAD or CF. The results are
in line with the hypothesis that DP is a multifactorial phe-
nomenon and that factors other than those related to the DP
diagnosis are of importance (Alexanderson and Norlund,
2004). For example, personality disorders were reported to
predict DP in young adults (Ostby, 2014) and the asso-
ciation between personality disorders and long-term sick
leave was at least partly explained by an overlapping genetic
liability (Gjerde et al., 2014). Previous research has also re-
ported a positive association between personality traits and
DP. For example, a study of DP due to low-back diagnoses
showed that those with neuroticism (heritable to 43%) had
higher risk for future DP (Ropponen et al., 2012). Another
study reported that individuals with Distressed Personality

type (Type D, heritable to 52%) were more often on DP as
compared to non-Type D individuals (Kupper et al., 2007;
Mommersteeg et al., 2012). Finally, a few previous studies
of DP irrespective of diagnoses suggested that several bio-
logical and early childhood factors (e.g., chronic childhood
disease, abnormal birth weight, or early deviant behavior)
were associated with a higher risk of future DP; factors that
have been shown to be heritable in women (Upmark &
Thundal, 2002).

A major part of the variation in DP due to neurotic and
mood diagnoses was explained by non-shared environmen-
tal factors. That is, the majority of the environmental factors
contributing to DP due to neurotic and mood diagnoses was
unique to DP and not shared with MD/GAD or CF. Previ-
ous studies have identified a wide range of factors that are
associated with future DP due to various diagnoses includ-
ing, specific occupational groups, physical and psychosocial
work environment, educational level, family situation, so-
cial class, severity of disorders, and comorbidity (Allebeck
& Mastekaasa, 2004; Hannerz et al., 2004; Karlsson et al.,
2007; Leinonen et al., 2011; Pietilainen et al., 2011; Rein-
holdt et al., 2010; Stattin, 2005).

The covariance between MD/GAD and DP due to neu-
rotic and mood diagnoses was largely attributable to genetic
effects, whereas non-shared environmental influences were
predominant in the covariance between CF and DP. This
suggests that the liability to DP due to neurotic and mood
diagnoses may be partly explained by MD/GAD through
genetic and by CF through environmental mechanisms. If
replicated, this knowledge may help improving strategies
used to prevent DP.

Almost half of the covariance between CF and DP due to
mood and neurotic diagnoses could be attributed to genetic
effects. The major part of the covariance was explained by
genetic contributions to MD/GAD. Whereas the covariance
between CF and DP was primarily attributable to non-
shared environmental effects that were in common with
CE. These findings are in line with the results of a previous
study which suggested a shared genetic predisposition for
MD, GAD, and functional somatic syndromes (including
CF; Kato et al., 2009). Also, environmental influences on
these studied functional somatic syndromes were not shared
with MD and GAD (Kato et al., 2009).

Genetic and environmental correlations between two
phenotypes may imply both an overlap and a causal re-
lationship between the phenotypes (De Moor et al., 2008).
Our results of moderate genetic and environmental corre-
lations between MD/GAD and DP as well as CF and DP
suggest that MD/GAD and CF may have a direct (causal)
effect on DP. However, this hypothesis needs to be further
tested by applying causal models (Neale & Kendler, 1995).

Strengths and Limitations
The strengths of this study include the large population-
based twin sample, the use of register data on DP of high
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quality, and the comprehensive diagnostic interview data.
In this study, the number of DPs due to mood and neurotic
diagnoses was insufficient among men (i.e., there were no
twin pairs where both twins had DP) to perform genetic
analyses. Thus, only women were included. A similar study
including men would be of importance as previous research
showed that different genetic factors among women and
men were influential on depression (Kendler et al., 2006).
Further, as this study included twins in the age range be-
tween 40 and 65 years, the results cannot be generalized to
younger ages. Another potential limitation concerns the DP
diagnoses. An individual may have had several diagnoses in
which one was the main diagnosis for being granted DP.
In this study, the main DP diagnoses were used. Hence, in-
dividuals that were granted DP due to somatic diagnoses
but had a mental diagnosis as a secondary diagnosis were
not included in the study. The reported overlap of genetic
and environmental factors between the phenotypes might
therefore be underestimated.

In conclusion, a large part of the genetic liability to DP
due to mood or neurotic diagnoses was explained by genetic
effects not in common with depression and anxiety disor-
ders or CF at baseline. The results suggest that the process
leading to DP is complex and influenced by factors other
than those related to the disorder underlying DP.
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