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Abstract

Objectives. AS is known to be a highly heritable disease, but previous studies on the magnitude of the familial
aggregation and heritability of AS have been small and inconclusive, with familial relative risks ranging from 17 to
94. We aimed to improve estimates of these factors by studying families of all subjects diagnosed with AS in
Sweden over a period of 16years and to investigate if familial risks vary by sex or type of relative.

Methods. In a nested case-control study, we identified AS index patients from the National Patient Register
(NPR) and the Swedish Rheumatology Quality Register (SRQ) between 2001 and 2016. Each index patient was
matched on age and sex to up to 50 general population controls. First-degree relatives of index patients and con-
trols were identified through the Multi-Generation Register, with disease status ascertained in the NPR and SRQ.
Familial risks were defined as odds ratios (ORs) of having AS when exposed to a first-degree relative with AS,
using conditional logistic regression.

Results. The overall familial OR for AS was 19.4 (95% CI 18.1, 20.8). Estimates were similar for different relative
types and by sex, but having more than one affected relative resulted in a higher risk [OR 68.0 (95% CI 51.3,
90.1)]. Heritability, estimated by assuming sibling risks were completely due to genetics, was 77% (95% CI 73, 80).
Conclusion. Although the familial risk and heritability of AS are higher than for most other diseases, we report
estimates that are substantially lower than commonly referenced numbers for AS from other populations.
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Rheumatology key messages
o Familial risks and heritability of AS are high, although not as high as previously reported.
o AS risk was similarly increased, about 20-fold, in parents, siblings and children of probands.
o The heritability proposed here might still be overestimating the influence of genetics on AS risk.

Introduction

It is well known that AS displays strong familial aggrega-
tion [1]. Studies of mainly European populations have
found the AS prevalence to be 0.1-0.4% [2-8], while in
first-degree relatives of AS patients risks reaching 4-
11% have been reported [9-11]. In addition, twin studies
have reported a pairwise concordance rate of 25-75%
in monozygotic twins and 4-15% in dizygotic twins [12-
14]. Together, this suggests an important influence of
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genetic factors, and indeed a number of alleles linked to
AS susceptibility have been identified. The strongest
association by far is with HLA-B27, which is present
in 85-95% of cases [15-17], but also in ~10% of
Caucasians overall [15-18].

The strong familial aggregation has several important
implications: in directing aetiological research, making
family history a diagnostic criterion and as a potential
matter of concern for patients living with the disease. It
is thus unfortunate that the precision of previous esti-
mates of familial aggregation of AS have been limited by
the small study size, and in some cases probable selec-
tion bias, of earlier studies. When compiling data from
six studies, comprising 404 affected first-degree rela-
tives of AS index patients, Brown et al. [19] reported a
recurrence risk ratio of 82. In the absence of a control
group, this estimate was based on (and is thus highly
sensitive to) an assumed population prevalence. Studies
in the Icelandic population have reported relative risks in
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first-degree relatives ranging from 75 to 94, based on
data from 256 patients in total [20, 21]. In contrast, a
register-based study of 3509 hospitalized AS patients in
Sweden reported a sibling risk of 17 in siblings of
affected individuals [22].

Similar uncertainties surround the heritability of AS.
Heritability is defined as the proportion of variance in a
phenotypic trait that is explained by genetic variation.
Twin studies have indicated that the heritability of AS is
90-99% [12, 14], which would make AS one of the most
heritable of all studied phenotypes [23], as compared
with, for example, RA (40%) [24], IBD (65-75%) [25] and
even adult height (80-90%) [26, 27]. The heritability
studies on AS were severely underpowered however,
including 27 and 40 twin pairs and only 12 concordant
pairs in total [12, 14]. It is currently believed that slightly
>20% of the heritability of AS is explained by HLA-B27,
and an additional 8% is accounted for by other loci [28],
but the majority of the heritability remains unexplained.
If current figures of AS heritability are overestimated,
this could explain part of this ‘missing heritability’.

Against this background, we aimed to provide more
accurate estimates of the familial aggregation and herit-
ability of AS. To this end we performed a case—control
study using Swedish nationwide registers including
>13 000 AS patients together with general population
controls and first-degree relatives of both groups.

Methods
Study design

We performed a nested case-control study by linking
data from Swedish nationwide population and health
registers. Index patients with AS were identified from
two sources: the National Patient Register (NPR) and
the Swedish Rheumatology Quality Register (SRQ). The
NPR contains data on diagnoses from hospital visits for
inpatient care since 1964 and for specialist outpatient
care since 2001. A validation of NPR has found the
positive predictive value for a diagnosis of AS to be
79-85% according to the Assessment of SpondyloArthritis
international Society (ASAS) criteria and 70-80% with
respect to the modified New York criteria [29]. The SRQ
is a clinical register that longitudinally captures disease
activity, disease characteristics and anti-rheumatic ther-
apy as registered by the treating rheumatologist. Initially
started for RA in 1995, the SRQ was later extended to
patients with AS and other rheumatic diseases, espe-
cially those on treatment with biologic agents [30].

For each index patient, general population controls
were randomly selected from a subset of the Swedish
Total Population Register. This subset of 1 537 147 indi-
viduals had previously been selected as controls
(matched 5:1 by sex, birth year and place of residence)
to a larger cohort of patients with chronic inflammatory
arthritis. Because of the low AS prevalence in the gen-
eral population and an expected high familial aggrega-
tion of AS, we resampled from the total pool of controls
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to reach 50 controls per case in order to sufficiently in-
crease the number of affected relatives of controls
included in the study. Eligible controls were alive, living
in Sweden and with no history of AS at the date of the
first AS diagnosis in the index patient. Controls were
matched to index patients by sex and birth year. First-
degree relatives, i.e. parents, children and full siblings,
of index patients and controls were identified through
the Multi-Generation Register. This register holds infor-
mation on parents of Swedish residents born after 1931
and ever registered as living in Sweden since 1961,
which also allowed for the identification of siblings and
children of index patients. The study was approved by
the Regional Ethics Review Board in Stockholm (2015/
1844-31/2). Participant consent was not obtained, as
this was a register-based study with anonymized data.

Identification of study population and exposure

We identified all patients in the NPR having at least one
visit to a specialist clinic in rheumatology or internal medi-
cine listing an AS diagnosis [International Classification of
Diseases, 10th Revision (ICD-10); code M45 or M08.1]
from 1 January 2001 through 31 December 2016. This
corresponded to the disease definition in the validation
study of AS in the NPR [29]. To further increase validity,
we also required index patients to have at least one more
visit between 1987 and 2016 with an AS diagnosis (also
including ICD-9 code 720A). Additional index patients
were further identified among individuals included in the
SRQ with an AS diagnosis between 2001 and 2016.
Together, these patients represented the main AS defin-
ition. Index patients from the SRQ were also analysed
separately. Demographic characteristics of index patients
were extracted from the Swedish Total Population
Register and AS-related comorbidity conditions of index
patients were identified from the NPR (for ICD codes
used to define comorbidity conditions see Supplementary
Table S1, available at Rheumatology online). Index
patients and controls with missing data for county of resi-
dence were excluded, as were individuals with no first-
degree relatives recorded in the Multi-Generation Register
(if parents of an individual were missing because of regis-
ter truncations, this also made connections to potential
siblings impossible).

While requiring two or more visits with AS is expected
to increase the validity of the diagnosis, it also reduced
the sample size. Thus separate analyses were made
using a wider definition, including index patients with at
least one visit listing an AS diagnosis in the NPR at a
specialist clinic in rheumatology or internal medicine
(corresponding to the definition from the validation study
[29]) or a listing in the SRQ from 2001 to 2016.

Among relatives, individuals were considered affected,
and thus an exposure to the index patient according to
the same requirements, i.e. if they had two or more spe-
cialist visits in the NPR between 1987 and 2016 with an
AS diagnosis or were registered in the SRQ with an AS
diagnosis between 2001 and 2016. For the wider AS
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definition, one visit in the NPR or inclusion in the SRQ
was sufficient for a relative to be considered affected.

Statistical analyses

Familial risks were calculated as odds ratios (ORs)
using conditional logistic regression in SAS 9.4 (SAS
Institute, Cary, NC, USA). Each relative pair was treated
separately and a relative’s AS status was assessed in-
dependent of the time of AS onset in the index patient.
For instance, in a pair of brothers with AS, each of
them would occur in the analysis once as an index pa-
tient and once as an affected relative. Familial risks
were estimated overall, for siblings, parents and chil-
dren separately and for having more than one affected
relative. The analyses were stratified by sex and
adjusted for county of residence. Because of the clus-
tered data structure, robust standard errors were used
to correct the Cls.

As familial risks have been seen to differ by age at
disease onset in other similar diseases (e.g. RA [24]), fa-
milial risks were also compared for index patients with
disease onset before and after the median age at onset
of 25years. This analysis was restricted to the SRQ
population, where information on age at onset was avail-
able. We also performed an analysis including only index
patients born in Sweden to take into account that HLA-
B27 positivity and other genetic factors vary with ethnic
origin. Further, familial risks were calculated excluding
index patients that had received a diagnosis of psoriasis
or PsA, since PsA is known to have a noticeably lower
familial aggregation than AS [31]. These analyses were
both made for the main AS definition.

Heritability, defined as the proportion of phenotypic
variance that is due to additive genetic variance, was
calculated for the main AS definition overall and strati-
fied by sex. For an in-depth description of the heritability
concept, see Falconer [32] and Frisell et al. [33]. In
short, the heritability of a trait may be calculated by
dividing the observed phenotypic correlation of relatives
by their genetic correlation, given the assumption that
relatives are only similar due to shared genetic factors.
As this approach cannot distinguish between additive
genetic effects and common environmental effects be-
tween relatives, the heritability obtained can be seen as
an upper limit of heritability in the population. Further
details of heritability calculations are described else-
where [24].

The heritability estimate is dependent on the popula-
tion prevalence of disease, which is not directly estim-
able in our case-control sample. We therefore used the
AS prevalence previously estimated from the NPR [4]
and adjusted it to our stricter main AS definition. To
cover a range of plausible prevalence figures, heritabil-
ity was calculated for both half and double the
adjusted prevalence. When looking at only male or only
female relatives, sex-specific prevalences were
applied. Heritability was estimated from both overall
and sibling-specific familial risks. Sibling-specific famil-
ial risks are often considered superior, because
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calendar time trends (including data truncations) are
likely to affect siblings equally. Approximate 95% Cls
around the heritability estimate were obtained by plug-
ging the 95% confidence limits of the familial risk into
the calculations.

Results

We identified 13 659 patients from the NPR with two or
more visits with an AS diagnosis and 4770 patients from
the SRQ. These populations were largely overlapping,
giving 14 240 unique index patients. The 581 individuals
from the SRQ not identified from the NPR were all pre-
sent in the NPR with diagnoses typical for AS comorbid-
ities. Excluding 431 index patients with no first-degree
relatives recorded in the Multi-Generation Register and
21 with missing data for county of residence, our main
study population included 13 795 index patients and
668 936 controls. From the SRQ alone, 4651 index
patients and 226 874 controls were included in the ana-
lysis. As shown in Table 1, the male:female ratio of
index patients was about 2:1, similar to previous find-
ings based on Swedish registers [4, 22]. Index patients

TasLe 1 Descriptive characteristics of AS index patients
from two different sources

Characteristics Source of index patients

NPR + SRQ SRQ only

(n =13 795)

(n = 4651)

Birth year, mean (range) 1960 (1909-2000) 1967 (1924-1999)

Age at first observed 48 (9-98) 41 (12-86)
AS diagnosis, years,
mean (range)
Females, n (%) 4761 (34.5) 1490 (32.0)
Region of birth, n (%)
Sweden 12280 (89.0) 4063 (87.4)
Other Nordic country 478 (3.5) 127 (2.7)
Other EU country 505 (3.7) 207 (4.5)
Other 532 (3.9) 254 (5.5)
Comorbidity conditions® in NPR, n (%)
PsA 861 (6.2) 272 (5.8)
Psoriasis 876 (6.4) 287 (6.2)
Other specified 2676 (19.4) 1002 (21.5)
inflammatory SpAs
Inflammatory SpA, 1382 (10.0) 517 (11.1)
unspecified
Crohn’s disease 749 (5.4) 243 (5.2)
Ulcerative colitis 701 (5.1) 232 (5.0)
Uveitis/iritis 3880 (28.1) 1556 (33.5)
Retinitis 86 (0.6) 33(0.7)
Prostatitis 264 (1.9) 78 (1.7)
AV block 290 (2.1) 51(1.1)
JIA 732 (5.3) 374 (8.0)

@For ICD codes used to define comorbidity conditions see
Supplementary Table S1, available at Rheumatology online.
EU, European Union.
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TasLE 2 Number of first-degree relatives in total and relatives with AS among index patients and controls

Relatives Index patients

Relatives, n Relatives with AS, n (%)

NPR + SRQ?

Siblings 19152 683 (3.6)

Parents 23723 535 (2.3)

Children 23840 498 (2.1)
SRQ only®

Siblings 6599 220 (3.3)

Parents 8335 234 (2.8)

Children 7333 151 (2.1)

Controls

Relatives, n

Relatives with AS, n (%)

919 342 1739 (0.19)
1140 593 1357 (0.12)
1194 324 1221 (0.10)

320507 553 (0.17)

406 740 592 (0.15)

371318 258 (0.07)

#n=13 795 index patients and 668 936 controls.
bn = 4651 index patients and 226 874 controls.

from the SRQ were born on average 7years later than
index patients from the two registers combined and
were to a greater extent born outside of Sweden. The
most common AS-related comorbidity in both groups
was uveitis/iritis, with the highest proportion in the SRQ.
In contrast, patients from the SRQ had somewhat lower
rates of PsA and psoriasis diagnoses compared with the
combined dataset.

Among all relatives identified from the Multi-Generation
Register, the proportions of affected relatives were similar
for index patients from the SRQ alone and from the NPR
and SRQ together (Table 2). Index patients had higher pro-
portions of affected relatives compared with controls for all
types of relatives (also stratified by sex in Supplementary
Table S2, available at Rheumatology online). In total,
11.1% of index patients had one or more affected relative,
compared with 0.6% of controls (Supplementary Table S3,
available at Rheumatology online). The mean number of rel-
atives did not differ significantly between index patients
and controls (Supplementary Table S4, available at
Rheumatology online).

Familial risks and heritability

Figure 1 shows the OR of AS when having an affected
relative, by type of relative and by sex for index patients
from the main AS definition (combining the NPR and
SRQ). The overall OR of AS when having an affected
relative was 19.4 (95% CIl 18.1, 20.8). The estimates
were similar for exposures from different types of rela-
tives, but having more than one affected relative
resulted in a considerably higher risk [OR 68.0 (95% CI
51.3, 90.1)]. Heritability was 77% (95% CI 73, 80) when
estimated from sibling risks, assuming a prevalence of
0.11% (Table 3). Depending on the choice of preva-
lence, from 0.055% to 0.22%, heritability varied from
72% (95% Cl 69, 75) to 82% (95% CI 78, 86)
(Supplementary Table S5, available at Rheumatology on-
line). Overall, women had an elevated familial risk if the
affected relative was female, but with the lower preva-
lence of AS among women, this translated into similar
or slightly lower heritability compared with males. The
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increased familial risk was only observed for mother-
daughter pairs, while sisters had the same familial risk
as brothers (Fig. 1).

For patients from the SRQ, risks were somewhat
higher than in the NPR and SRQ combined, but Cls
were broader (Table 4). When stratified by age at dis-
ease onset, a trend towards an increased familial risk
was seen for patients with disease onset before age
25years compared with those with disease onset after
age 25years. This trend was consistent for all types of
relatives, although Cls were overlapping. With the wider
AS definition (at least one visit) we identified 17 738
index patients, and the risk of AS when having an
affected relative of any kind was 16.9 (95% CI 15.9,
18.0) (Supplementary Table S6, available at
Rheumatology online). Restricting analysis to the 12 280
index patients born in Sweden did not affect the main
results  (Supplementary Table S7, available at
Rheumatology online). Neither was any difference
detected when excluding 1373 index patients with psor-
iasis or PsA diagnoses from the analysis (Supplementary
Table S8, available at Rheumatology online).

Discussion

In this large population-based study, familial aggregation
of AS was assessed for different types of first-degree
relatives and by sex. We concluded that there was a 20-
fold increase in the odds of AS among first-degree rela-
tives of AS patients, which is substantially lower than
commonly referenced numbers from other populations.
We could also show that the OR was similar by type of
relative and sex. Although high compared with most
other diseases, the heritability estimate of 77% was also
lower than previous reports for AS [12, 14].

The familial risk estimates are considerably lower than
two reports from Iceland [20, 21]. The risk ratios of 75
(95% CI 60, 94) and 94 (95% CI 74, 114) observed in
those studies are more in line with our result for having
more than one affected relative [OR 68.0 (95% CI 51.3,
90.1)]. It is difficult to see why our studies should get
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Fic. 1 ORs of AS when having a first-degree relative with the disease

®Qverall OMale-Male

Any relative

Sibling

Parent

Child

>1 relative

1 2 4 8 16

mMale-Female

ﬁ{%i f}%; “H; e

AFemale-Male AFemale-Female
19.4 (18.1- 20.8)
19.0{(17.2- 21.1)
18.2(156.9- 21.0)
17.7 (15.4- 20.3)
26.9(22.0-329)

195 (16.9- 22.4)
19.9 (16.1 - 24.7)
20.9 (16.0- 27.4)
20.5 (16.0 - 26.5)
21.0(13.3- 33.2)

191 (17.2-21.3)
18.3 (155- 21.6)
20.8 (16.3 - 26.4)
14.1 (11.3-17.5)
34.2 (26.1- 44.9)

20.6 (18.2- 23.3)
20.5(16.8- 25.1)
16.0 (12.2- 21.0)
19.9 (15.0- 26.4)
26.2 (18.5- 37.2)

68.0 (51.3- 90.1)
32 64 128 256

Odds ratio (95% CI)

Familial ORs (95% Cls) by type of relative and sex. For sex-specific estimates, e.g. ‘male-female’ refers to a male
index patient and a female relative. Sibling/parent/child refers to a relative in relation to the index patient, so that esti-
mates in, for example, the subgroup ‘parent’ are ORs of AS when having a parent with AS.

TaBLe 3 Heritability of AS based on sibling and first-de-
gree relative familial risks, overall and by sex

Sex of relatives Heritability, proportion (95% CI)

Sibling

Any relative

Overall® 0.77 (0.73, 0.80) 0.81(0.80, 0.83)
Male-male® 0.80 (0.74, 0.85) 0.80(0.77, 0.82)
Male—female? 0.73(0.67, 0.78) 0.71 (0.68, 0.74)
Female-male® 0.77 (0.72, 0.83) 0.75(0.72, 0.79)
Female—female®  0.71(0.61, 0.81) 0.81(0.76, 0.85)

Heritability based on familial risk estimates. For sex-specif-
ic estimates, e.g. ‘male—female’ refers to a male index pa-
tient and a female relative. Estimated using a population
prevalence of 20.11%, ©0.15% and °0.08%.

such different results. While the ethnic composition may
differ due to differences in immigration rates, excluding
index patients born outside of Sweden did not affect the
results in our study. In the Icelandic studies, all cases
were clinically verified and patients with PsA-associated
axial disease were excluded. Our results were not ma-
terially changed by excluding patients ever diagnosed
with psoriasis or PsA however, and neither did a restric-
tion to index patients identified from the SRQ, with

https://academic.oup.com/rheumatology

presumably higher diagnostic validity than the NPR. One
speculation may be that the difference is a result of
some particular clustering of the limited number of
Icelandic cases in families.

An equally high familial risk as in Iceland has been
reported in another publication [19], where the pooled,
observed prevalence of AS in first-degree relatives of AS
patients from six studies in the UK, Finland and the
Netherlands (8.2%) was divided by an assumed population
prevalence of 0.1%, resulting in a recurrence risk ratio of
82. This estimate is clearly highly dependent on the
assumed population prevalence. Together with the small
sample size of the original studies, this could explain at
least part of the discrepancy from our results. It also seems
likely that individuals with familial AS may be more prone
to participate in a study on this specific topic, which may
be expected to lead to some overestimation. In contrast,
our results are in line with a previous Swedish report that
included 3509 patients hospitalized for AS between 1973
and 2004 [22]. Based on 102 sibling cases, they concluded
the sibling risk to be 17.1 (95% CI 9.9, 29.4). Despite the
differences in study size, study period and AS definition,
these results are similar to the sibling risk from our wider
definition [OR 16.6 (95% Cl 14.8, 18.7); Supplementary
Table S6, available at Rheumatology online].

Before the present study there was only limited data
on the possible gender difference in familial aggregation
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TaeLe 4 ORs of AS in index patients from the SRQ by age at disease onset

Relative with AS

All ages combined

Familial risk, OR (95% ClI)

Age at onset <25 years Age at onset >25 years

Any first-degree relative 21.7 (19.3,24.4)
Sibling 20.1(16.1,25.1)
Parent 20.0(17.0, 23.5)
Child 31.2(24.2,40.1)
>1 relative 101.9 (64.0, 162.0)

25.1 (21.3, 29.6) 18.4 (15.6, 21.7)

24.0 (17.6, 32.9) 16.5 (12.1, 22.6)

22.3(18.2,27.3) 15.9 (12.1, 20.9)

38.4 (24.5, 60.1) 28.0 (20.5, 38.2)
NA? NA?

20R not calculated due to the small number of observations.

NA, not available.

of AS. Whereas a previous study saw a 3-fold risk in-
crease for fathers of AS patients compared with mothers
[20], we could not detect such a difference. Conversely,
we saw an increased risk for daughters of affected
mothers compared with daughters of affected fathers.
Overall, ORs were somewhat higher in female-female
relative pairs than in male-male pairs. However, this
should be seen in the context of lower disease preva-
lence in females, and indeed the increased OR did not
translate into an increased heritability for female AS. If
anything, the heritability of AS based on sibling risks
was lower among females than among males. For
males, familial risks were similar regardless of the sex of
the affected relative. The cross-gender heritability was
very similar to the within-gender heritability, suggesting
that the same heritable factors influence AS in men and
women.

One factor that seemed to affect the familial risk in
our study was age at AS onset in the index patients.
Patients with disease onset before age 25years had a
higher risk compared with patients with disease onset
after age 25years. Thus family history seems more im-
portant for disease with onset at a young age. It could
be that people with a strong genetic predisposition de-
velop the disease early, while those who require more
environmental factors to cross the liability threshold take
longer time to develop the disease.

SpA, to which AS belongs, is a heterogeneous group
of diseases with considerable overlap between condi-
tions. We aimed to focus on patients fulfilling the ASAS
classification criteria for axial SpA, which corresponds
fairly well with an AS diagnosis in the NPR according to
a recent validation study [29]. Patients with other types
of SpA sometimes presenting with axial involvement
(e.g. PsA and IBD with SpA) and who only occur in the
registers under their primary diagnosis would not be
included in this study. We calculated familial risks based
on two different AS definitions. The wider definition,
requiring at least one visit with AS in the register, corre-
sponded to the definition used in the previous validation
of AS in the NPR [29]. Our main definition required two
registered visits with AS. By tightening the definition,
ORs increased from 16.9 to 19.4, and we would argue
that this reflects reduced misclassification. An AS

1700

diagnosis in the specialized clinical register SRQ is
expected to have even higher validity than a diagnosis
from the NPR, explaining part of the higher risk seen in
SRQ patients. Patients in the SRQ are also more com-
monly on treatment with anti-rheumatic therapy, includ-
ing biologic agents, indicative of more severe disease.
On the other hand, patients with mild AS disease might
only be diagnosed and managed in primary health care,
which do not report to the NPR. Assuming that there
could be an association between familial risks and dis-
ease activity/severity, this might have had an impact on
our results.

Some caution is warranted for the interpretation of the
heritability reported. Estimation of heritability from case-
control data is dependent on the (observed) familial risk
and the (unobserved) disease prevalence in the popula-
tion. Our most precise estimate, based on sibling risk
and 0.11% population prevalence, put the heritability of
AS at 77% (95% CI 73, 80%). However, uncertainty
regarding the prevalence is not covered by the Cls and
we therefore calculated heritability based on different
prevalence estimates (Supplementary Table S5, avail-
able at Rheumatology online). Notably, heritability did
not reach the previously reported >90% [12, 14], even
when more extreme prevalence figures were applied.
Furthermore, our study design does not allow for a sep-
aration of the effects of additive genetics and common
environmental exposures, and the heritability was calcu-
lated assuming that the familial aggregation was purely
due to shared genetics. If family-shared environmental
risk factors influence AS risk, heritability is overesti-
mated with this approach. If heritability is lower than
previously believed, this has implications for aetiological
studies aimed at identifying disease-associated genes,
as it explains part of the ‘missing heritability’.

The use of population-based data has many advan-
tages compared with using clinical cohorts. The large
sample size enabled us to reach precise estimates of
the familial aggregation and heritability and to stratify
these estimates by sex and type of relative. Prospective,
nationwide data collection minimizes selection bias, and
disease ascertainment in relatives is not reliant on
reports from index patients. In contrast, the accuracy of
self-reported family history of disease is likely to differ
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between index patients and controls, as is the willing-
ness of relatives to participate in a study.

Working with register data also has limitations. One is
the inability to validate each diagnosis, as previously
discussed. Furthermore, diagnostic data were mostly
available since the start of the outpatient register in
2001, leading to underestimation of AS in older relatives,
who may have been treated mainly before this date.
Conversely, patients with recent disease onset might be
missed because of long diagnostic delays for AS. We
investigated the influence of these truncations by strati-
fying the analysis by decade of birth of index patients
and could not see any significant differences in familial
risks (data not shown). Because of the low population
prevalence of AS, and the limited amount of data avail-
able for older relatives, we did not have enough power
to look at risks in twins or second- or third-degree rela-
tives. As we did not have information on zygosity, twins
were treated as ordinary siblings in the analysis.

Another limitation is that we lacked data on HLA-B27
status. This strong risk allele is expected to explain part of
the familial risk, and several studies have shown a higher
familiality for HLA-B27-positive patients [12, 13]. As the
prevalence of both HLA-B27 and AS is thought to vary in
different parts of Sweden [4], we adjusted the analysis for
county of residence of index patients and controls. This
study is done in a predominantly Nordic ethnic group and
generalizability to regions with very different prevalences
of AS and HLA-B27 might be limited. It is important to
note, however, that HLA-B27 is not likely to drive the fa-
milial aggregation completely. Using data from Reveille
et al. [16], where HLA-B27 occurred in 87.8% of white AS
patients and 7.6% of controls, and assuming a population
prevalence of AS of 0.11%, the familial risk conveyed by
HLA-B27 would be 5.8 (for calculations, see supplemen-
tary material, section ‘Expected familial risk from HLA-
B27’, available at Rheumatology online). Notably, that is
only one-third of the overall familial risk in this study. It
roughly corresponds to reports from genetic studies where
HLA-B27 is estimated to explain 20% of AS heritability
[28]. While HLA-B27 remains an important factor in AS
susceptibility, other factors are responsible for the majority
of the familial aggregation.

In conclusion, we found that while familial risks and herit-
ability of AS were very high, they were lower than previous
reports from other countries. The heritability proposed
might still be an overestimate of the true influence of gen-
etics on disease risk and efforts should also be directed at
identifying risk factors for AS that are not of genetic origin.
From a clinical perspective, this strong familiality should
motivate further research to evaluate if and how knowledge
about a family history of AS may help to predict disease
activity, prognosis and treatment outcomes.
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