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Abstract Objective Familial risks of anxiety have
been assessed in small case-control studies, usually
based on reported, but not medically verified, anxiety
in family members; thus the degree of familial clus-
tering of these diseases remains to be established.
Methods The Multigeneration Register, in which all
men (sons) and women (daughters) born in Sweden
from 1932 onward are registered together with their
parents, was linked to hospital admission data. Stan-
dardized incidence ratios (SIRs) were calculated as the
ratio of the observed to the expected number of cases of
men and women with mothers and/or fathers affected
by anxiety, compared with men and women whose
mothers and/or fathers were not affected by anxiety.
Results A total of 55,642 and 57,196 cases of anxiety
were recorded in offspring and parents, respectively.
The overall significant SIRs among men and women
with a mother, father or both parents hospitalized for
anxiety varied between 1.90 and 5.10. Maternal trans-
mission of anxiety was slightly higher than paternal and
the highest SIRs were found in the youngest age groups
and among those with both parents affected by anxiety.
The degree of parental transmission of anxiety was
similar for both men and women. Conclusions This
study has provided the first data on age-specific familial
clustering of anxiety, based on medically confirmed
records. The risks were so high that hereditary factors
were considered to be likely to contribute, possibly
modified by environmental factors. Age-specific risks
tables would be helpful for clinical counseling.
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Introduction

Anxiety is one of the most common psychological
disorders in the general population and in various
clinical settings. It is characterized by feelings of
nervousness and unjustified fear that sometimes is
accompanied by a variety of physical symptoms, sleep
disorder and other functional problems. Severe anx-
iety can have a serious impact on daily life and reduce
quality of life [3]. There is also a co-occurrence be-
tween depression, alcohol abuse and anxiety [1].
Prevalence estimates range from 10% to a maximum
of 25% [2, 11, 20] with a higher prevalence among
women [20]. The risk factors of anxiety are most
likely a combination of biological, genetic, and envi-
ronmental factors.

Current etiological models of anxiety disorders
emphasize both internal risk factors and external
stressors as important in the development and
maintenance of clinical anxiety and considerable
evidence suggests that personality, genetic, and envi-
ronmental variables are important in these interac-
tions [15].

The environmental impact on anxiety has been
reported in previous studies. For example, there is an
association between anxiety and socioeconomic fac-
tors at both the individual and neighbourhood level
[12, 13, 22].

In one epidemiological meta-analysis, a 4-6-fold
risk of anxiety was observed between first-degree
relatives [8a]. A population-based sample of twins
from Virginia showed a modest genetic influence of
23-36% for main types of anxiety [10]. Another study
of twins recruited from psychiatric treatment centers
demonstrated strong genetic influences on the devel-
opment of general anxiety [14]. Results from family
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and epidemiological studies have led to the suggestion
that early-onset anxiety may be more strongly
genetically influenced than adult-onset anxiety [5].
These findings have not been reported consistently [4,
16]. The influence of genetic factors has been reported
to have significantly greater transmissibility of anxiety
in women than in men [19]. The possible mechanisms
of familial risk are complex and could include both
genetic and environmental factors as well as genetic-
environmental interactions. Consequently, there is a
need for further research into the genetic etiology of
anxiety with specific attention paid to age and sex
effects.

Because of the limited amount of population-based
data on familial clustering of anxiety, we examined
age-specific familial risks for anxiety using the
nationwide Swedish MigMed Research Database. The
Swedish data on family relationships and anxiety were
obtained from register sources with practically com-
plete coverage. In addition, The Swedish family
dataset, i.e., the Multigeneration Register, is a well-
validated source that has been found to be reliable in
the study of many familial diseases [6, 7, 23]. This
study examined age-specific familial risks among men
and women with a mother and/or father with anxiety
after adjustment for several confounders.

Materials and methods

Migmed research database

Data used in this study were retrieved from the MigMed database,
located at the Center for Family and Community Medicine at the
Karolinska Institute in Stockholm. MigMed is a single, compre-
hensive database that has been constructed using several national
Swedish data registers, including, but not limited to, the Total
Population Register, the Multigeneration Register, and the Swedish
Hospital Discharge Register (1987-2004) [17, 21, 24]. Information
from the various registers in the database is linked at the individual
level via the national registration number assigned to each person
in Sweden for his or her lifetime. Prior to inclusion in the MigMed
database, national registration numbers were replaced by serial
numbers to ensure the anonymity of all individuals.

Since the database contains information from the Multigener-
ation Register, it is possible to link all individuals born in or after
1932 that were registered in Sweden at any time since 1961 with
their biological parents.

Anxiety was retrieved from hospital discharge records reported
according to the 9th (1987-1996) and 10th (1997-2004) versions of
the International Classification of Diseases. The following ICD
codes were included for both parents and offspring: 300.0 to 300.3,
308 and 309 (ICD-9) and F40-F43 (ICD-10).

Gender: males and females
Age at diagnosis was categorized in 5-year groups, and the
groups were merged as necessary.

Anxiety in father/mother was dichotomized into Yes and No.

Socioeconomic status was divided into six groups according to
occupation: (1) Farmers; (2) Unskilled/Skilled workers; (3) White-
collar workers; (4) Professionals; (5) Self-employed; and (6) All
others.

Geographic region was divided into large cities (cities with a
population of more than 200, 000, i.e., Stockholm, Gothenburg, and
Malmé), Southern Sweden, and Northern Sweden. Geographic re-
gion was included as an individual variable to adjust for possible
differences between geographic regions in Sweden with regard to
hospital admissions for anxiety.

Other covariates that were included in the analysis were
simultaneous hospitalization for mood disorders (ICD-9: 296,
298.0, 298.1, 300.4, 300.9, 301.1, and 311. ICD-10: F30-39) and
simultaneous hospitalization for substance abuse (ICD-9: 291, 292,
303, 304, and 305. ICD-10: F10-F19).

Person-years were calculated from the start of follow-up on January
1, 1987, until the hospital diagnosis of anxiety, death, emigration,
or the end of the study on December 31, 2004. Age-standardized
incidence ratios were calculated for the whole follow-up period,
divided into six 3-year periods (1987-1989, 1990-1992, 1993-1995,
1996-1998, 1999-2001, and 2002-2004). Standardized incidence
ratios (SIRs) were calculated as the ratio of the observed to the
expected number of cases [18]. The expected number of cases was
calculated as the actual number of cases in the reference group. The
expected number of cases was calculated for age (in 5-year groups),
sex, period (in 3-year groups), socioeconomic status (in six
groups), and region (in three groups). Familial risks were calcu-
lated for men and women with mothers or fathers affected by
anxiety, compared with men and women whose mothers or fathers
were not affected by anxiety. Confidence intervals (95% CI) were
calculated assuming a Poisson distribution. We considered it to be
appropriate to use SIRs for the estimation of familial risk, which is
in accordance with previous research [18].

Ethical considerations

Necessary permissions were obtained from the Swedish Data
Inspection Board, the National Board of Health and Welfare, Sta-
tistics Sweden, and the Regional Ethical Committee of the Karo-
linska Institute, Stockholm, Sweden. It was thus possible to link
individual-level clinical data to population registers.

Results

The database covered the years 1987-2004 in the
Swedish Hospital Discharge Register and included
23,121 cases among men (sons) and 32,521 cases
among women (daughters), in addition to 21,825 and
35,371 cases of anxiety among fathers and mothers,
respectively (Table 1). In Fig. 1 the age-specific inci-
dence is plotted by parental family history. The hos-
pitalization rates of familial anxiety were higher than
that of sporadic anxiety, with an upward bend be-
tween the ages 20-24 and 40-44 and after age 60.
Familial risks were calculated separately for anxi-
ety in men (sons) and women (daughters) according
to the presence of anxiety in fathers and mothers
(Table 2). All the models are adjusted for all the
explanatory variables simultaneously, i.e., age, socio-
economic status, period, region, simultaneous hospi-
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Table 1 Number of cases of anxiety

in men (sons) and women (daugh- Age at Men Women Fathers Mothers
t d t diagnosis
ers) and parents No. Percent No. Percent No. Percent No. Percent
<20 1,760 7.6 4,005 12.3 297 1.4 1,272 3.6
20-29 5325 23.0 7,781 239 2,683 123 5,186 14.7
30-39 6,349 27.5 8,013 24.6 5,361 24.6 8,067 22.8
40-49 5,820 25.2 7354 226 5,789 26.5 7,920 224
50-59 3,094 13.4 4,206 12.9 3,639 16.7 4,992 14.1
60-69 754 33 1,112 34 1,754 8.0 2,915 8.2
70-79 19 0.1 50 0.2 1,445 6.6 3,047 8.6
>80 857 3.9 1,972 5.6
All 23,121 100.0 32,521 100.0 21,825 100.0 35,371 100.0
Fig. 1 Age-specific incidence rate of anxiety in 250 4
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Table 2 SIRs for anxiety in offspring of fathers/mothers with anxiety

Age at diagnosis (years)

Age at Men (sons) Women (daughters)
diagnosis
(years) Father with anxiety Mother with anxiety Father with anxiety Mother with anxiety

0 SIR 95% (l 0 SIR 95% (I 0 SIR 95% (I 0 SIR 95% Cl
0-9 19 15.77 9.48 24.68 29 2090 13.98 30.04 18 1444 8.54 2287 26 15.83 1033 23.23
10-19 60 245 1.87 3.16 153 3.49 2.96 409 123 222 1.84 265 231 2.92 2.55 3.32
20-29 121 197 1.63 235 226 2.10 1.83 239 159 201 1.7 235 337 2.08 1.87 2.32
30-39 61 131  1.00 1.69 146 1.71 1.44 2.01 89 155 1.25 191 215 1.86 1.62 2.12
40-49 35 1.47 1.02 2.04 84 1.42 1.13 1.76 42 1.28 0.93 1.74 107 1.40 1.15 1.69
>50 14 244 133 4.10 26 1.34 0.87 1.97 20 251 153 3.88 54 1.31 0.99 1.71
All 310 190 1.69 2,12 664 2.10 1.94 226 451 193 175 212 970 2.04 1.91 2.17

Bold type: 95% CI does not include 1.00

0 observed number of cases, SIR standardized incidence ratio, C/ confidence interval

talization for mood disorders and simultaneous hos-
pitalization for substance abuse. The overall SIRs
were similar in men and women with a mother who
had had anxiety (2.10, 95% CI, 1.94-2.26 and 2.04,
95% CI 1.91-2.17) and similar in men and women
with a father who had had anxiety (1.90, 95% CI, 1.69-
2.12 and 1.93, 95% CI 1.75-2.12). Maternal trans-
mission of anxiety was slightly higher than paternal
transmission. A gradient was found for both men and

women, so that with increasing age the SIRs decreased
but remained significant in most age groups.

Table 3 shows the SIRs for men and women
according to parental anxiety. We combined fathers
and mothers as family (parental) history. The overall
risk was 2.00 (95% CI, 1.88-2.14) for men and 2.05
(95%CI, 1.94-2.16) for women. When both parents
were affected by anxiety, the SIRs were even higher,
i.e., 5.10 (95% CI, 3.51-7.18) for men and 4.78 (95%
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Table 3 SIRs for anxiety in offspring of parents with anxiety

Age at Men (sons) Women (daughters)
diagnosis
(years) Father or mother with anxiety Both parents with anxiety Father or mother with anxiety Both parents with anxiety

0 SIR 95% Cl 0 SR 95% Cl 0 SIR 95% Cl 0 SR 95% Cl
0-9 35 16.24 1131 22.61 13 263.69 139.83 452.21 35 15.64 10.89 21.77 197.80 89.68 377.11
10-19 202 3.20 2.77 3.67 11 13.03 6.47 23.40 333 2.64 2.36 294 2 9.90 6.12 15.15
20-29 339 2,13 1.91 2.36 8 231 0.99 4.57 490 2.16 1.97 2.36 241 0.87 5.28

30-39 206 1.54 1.33 1.76 1 0.54 0.00
40-49 119 1.43 1.18 1.71 0
>50 40 1.47 1.05 2.01 0
All 941 2.00 1.88 214 33 5.10 3.51

9
1
6
3.09 300 1.82 1.62 204 4 1.16 0.30 3.01
0
0
0

718 1,381 2.05 194 216 4

149 1.39 1.18 1.64
74 1.57 1.23 1.97
4.78 3.4 6.51

Bold type: 95% ClI does not include 1.00

0 observed number of cases, SIR standardized incidence ratio, C/ confidence interval

CI, 3.41-6.51) for women. The highest SIRs were
found in the youngest age groups when both parents
were affected with anxiety; i.e. the SIR was 263.69
(95%, CI, 139.83-452.21) for sons and 197.80 (95%,
CI, 89.68-377.11) for daughters aged 0-9 years with
two affected parents.

Discussion

Familial clustering of disease has been studied tradi-
tionally in the clinical setting where probands and
their multiply affected relatives have been identified.
This approach has also been very productive in terms
of understanding the genetic factors. The disadvan-
tages include difficulties in obtaining large numbers
of cases and in securing unbiased risk estimates.
These problems can be overcome in population
datasets where anxiety data on cases and probands
are unbiased by potential recall and self-report bias.
The largest population-based dataset on familial
anxiety is the Swedish familial anxiety database that
was used in our present study, covering 10.2 million
people and 57,196 cases of anxiety in the first gener-
ation and 55,642 cases of anxiety in the second gen-
eration.

A possible limitation of this study is that the mean
age at diagnosis was higher among the parents than
among the studied men and women because the
Swedish Hospital Discharge Register began recording
complete data on all discharges in Sweden only in
1986. We were unable to test for the validity of the
anxiety diagnoses because our data were based on the
entire population. However, we only used main
diagnoses for anxiety recorded in the hospital regis-
ters, i.e., all patients were hospitalized mainly for
anxiety, which increases the possibility that the
diagnoses for anxiety are valid. Among the total
number of hospitalized cases, 69% had anxiety as
their only diagnosis. Among the 31% of the patients
that also had at least one additional diagnosis, about
one third was simultaneously hospitalized for mood
disorders or substance abuse. We also investigated

the number of subsequent hospitalizations for anxi-
ety. Two or more admissions for anxiety were re-
corded in 26% of the cases, whereas 74% had one
admission for anxiety. However, this bias is present in
both the compared groups and we have no reason to
believe that the magnitude of this bias differed be-
tween the two groups. We had no access to data on
outpatient care, which is a limitation because many
patients with anxiety are treated as outpatients. It is
also likely that the probability of being hospitalized
for anxiety could differ between regions, hospitals and
over time. Moreover, applied diagnostic manuals also
changed over time. We tried to minimize these biases
by including region and time period as covariates in
the analysis. Finally, we had no data on what kind of
treatment that was given at the different hospitals.

This study also has a number of strengths. For
example, the study population included a well-defined
open cohort, the entire population of Sweden. Because
of the national registration number assigned to each
individual in Sweden, it was possible to track the re-
cords of every person for the whole follow-up period.
The unique Swedish Population Registers are almost
entirely complete with very little missing data. For
example, data on occupational status were nearly
100% complete (99.2%), which enabled us to adjust
our models for socioeconomic status. The use of a
personal identification number made it possible to
track each individual in different registers, e.g. the
Migrant Register, which allowed calculation of exact
risk time. In addition, the data in the Swedish Hos-
pital Discharge Register is also nearly complete. In
2001, the main diagnosis was missing in only 0.9% of
cases and the national registration number in 0.4% of
hospitalizations [17]. Finally, the accuracy of the
multigenerational part of the MigMed database is very
high and it includes highly complete information
about parents, children, siblings, and adoptions.

The present study provided evidence on age-spe-
cific familial risks of anxiety in the 0 to 72-year-old
population. The risk magnitude was in line with
earlier publications on familial anxiety [8]. Our re-
sults indicated that there was no gender difference in



the transmission of anxiety from mothers and fathers.
In addition, the risk of anxiety was especially high
for men and women with both parents affected by
anxiety. Because of the large numbers, we were able to
describe age-specific familial risks to some extent.
In the offspring of affected parents, the highest risks
were found in the youngest age groups. Previous
studies have suggested that the etiology of anxiety
in childhood and adolescence may differ from that
of early-onset anxiety and may be more strongly
genetically influenced than adult-onset anxiety [5].

Another feature of our study is that we were able to
give gender-specific familial risk estimates. Although
differences in the lifetime prevalence of anxiety in
men and women are demonstrated consistently in
epidemiological studies, we found no significant dif-
ferences in familial risks of anxiety between the sexes,
including transmission from father and mother, sep-
arately. This result is consistent with prior evidence
[9, 14].

Conclusion

There was an age-specific familial risk of anxiety by
parental proband. We showed an age-dependent
familial risk for anxiety and an overall increased risk
of anxiety among the <72-year-old offspring of par-
ents with anxiety. Further progress in the under-
standing of the heritable basis of anxiety requires
coordinated efforts in genetic epidemiology and
molecular genetics.
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