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Familial Risks and Heritability of Rheumatoid Arthritis

Role of Rheumatoid Factor/Anti–Citrullinated Protein Antibody Status,
Number and Type of Affected Relatives, Sex, and Age

Thomas Frisell,1 Marie Holmqvist,1 Henrik Källberg,2 Lars Klareskog,1

Lars Alfredsson,2 and Johan Askling1

Objective. To estimate familial aggregation of rheu-
matoid arthritis (RA) in 3 large population-representative
samples and to test if familial aggregation is affected
by rheumatoid factor (RF)/anti–citrullinated protein
antibody (ACPA) status, type of relative, sex, and age at
onset of RA.

Methods. A register-based nested case–control
study was performed in the Swedish total population.
Data on patients with RA were ascertained through the
nationwide Swedish Patient Register (n � 88,639), the
clinical Swedish Rheumatology Quality Register (n �
11,519), and the Epidemiological Investigation of Rheu-
matoid Arthritis case–control study (n � 2,871). Data
on first- and second-degree relatives were obtained
through the Swedish Multigeneration Register. Familial
risks were calculated using conditional logistic regression.

Results. Consistent across data sources, the fa-
milial odds ratio for RA was �3 in first-degree relatives
of RA patients and 2 in second-degree relatives. Famil-
ial risks were similar among siblings, parents, and
offspring. Familial aggregation was not modified by sex,
but was higher in RA patients with early-onset disease
and in RF/ACPA-positive RA patients. The observed

familial risks were consistent with a heritability of
�50% for ACPA-positive RA and �20% for ACPA-
negative RA.

Conclusion. The pattern of risks suggests that
familial factors influence RA in men and women equally
and that these factors are of less importance for late-
onset RA. Familial factors are more important for
seropositive RA, but there is significant familial overlap
between seropositive RA and seronegative RA. Even if
the familial risk is assumed to be completely due to
genetics, the observed risks suggest that heritability of
RA is lower than previously reported, in particular for
ACPA-negative RA.

Rheumatoid arthritis (RA) is a complex disease,
believed to be caused by a combination of genetic and
environmental factors. In addition to alleles in the HLA
system, investigators have identified �40 loci that con-
tribute to the risk of developing RA in recent genome-
wide association studies, albeit with individually modest
effect sizes (1,2). Despite these breakthroughs, it is
generally believed that many additional risk alleles for
RA remain to be identified (3). Taken together, the
identified loci have been estimated to explain 50–60%
and 30–50% of the genetic liability to develop anti–
citrullinated protein antibody (ACPA)–positive RA and
ACPA-negative RA, respectively (2). The remaining
genes constitute the “missing heritability” of RA, a
concept that intrinsically depends on the estimated
proportion of a disease that is due to genetic factors.
Traditionally, estimation of this proportion is based on
the strength of the familial aggregation.

Despite the clinically well-known familial aggre-
gation of RA, surprisingly few population-based studies
have addressed its strength and nature. Most studies
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have been based on clinical cohorts and have not in-
cluded control groups (Table 1). A review that com-
pared the reported prevalence of RA among relatives of
RA patients versus the expected population prevalence
of RA yielded estimates of sibling relative risk (RR)
ranging from 2 to 17 (4). These estimates are sensitive
not only to the validity and generalizability of the
original studies, but also to the estimated general pop-
ulation prevalence of RA. In studies that have included
a representative control group, the age- and sex-adjusted
RR of RA among first-degree relatives of RA patients
has been estimated as somewhat lower (RR 1.5–4.5)
(5–10).

Although ACPA has higher specificity and prog-
nostic value (11), presence of rheumatoid factor (RF) is
used as a diagnostic criterion for distinguishing seropos-
itive and seronegative RA in, for example, the Interna-
tional Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) (12). Among
RA patients, ACPA and RF show high correspondence,
and RF/ACPA-positive RA is �2–4 times more com-
mon than RF/ACPA-negative RA. In light of evidence
of distinct etiologies and differences in the number of
identified susceptibility genes for RF/ACPA-positive
RA compared to RF/ACPA-negative RA, one might
expect that familial risks should be higher for RF-
positive RA; this hypothesis is supported by a single
study (13), although several other studies have not
supported the theory (6,7,10,14). In one of few studies to
address familial aggregation by ACPA rather than RF,
the heritability of ACPA-positive and ACPA-negative
RA was reported to be equally strong (68% versus 66%),
although the study was small, with 11 ACPA-positive
and 2 ACPA-negative concordant twin pairs (15). Sex
and age at onset of RA have been suggested as other
factors that modify familial aggregation of RA (16), but
as with RF/ACPA status, the evidence is so far incon-
clusive because of the small and possibly nongeneraliz-
able samples that have been studied.

For the above reasons, in the current study we
aimed to provide more precise estimates of the familial
aggregation of RA than have been previously reported,
using 3 large and population-representative samples. We
further aimed to extend these precise overall estimates
to provide more specific estimates of familial aggrega-
tion by type of relative, sex of RA patient and relative,
RF/ACPA status, and age at RA onset.

MATERIALS AND METHODS

We linked records from several Swedish population
registers using unique personal identification numbers as the

(deterministic) linkage key and performed a nested case–
control study. Three different sources were used to identify
cases: the nationwide Swedish Patient Register, the Swedish
Rheumatology Quality (SRQ) Register, and the Epidemio-
logical Investigation of Rheumatoid Arthritis (EIRA) case–
control study. For each case, 5 controls were randomly selected
from the Swedish Total Population Register and matched with
the case subjects for sex, birth year, county of residence, and
marital status. First- and second-degree relatives of cases and
controls were identified through the Swedish Multigeneration
Register. A relative was considered to have RA (and the index
individuals thus considered “exposed”) if the relative had ever
met the criteria for RA as defined in any of the 3 data sources.
Patients identified through each data source were referred to
as “index patients,” where “index” refers to the individual
whose relatives are considered, since both outcome (in the
index individual) and exposure (in the index individual’s
relatives) is defined as being an RA patient. For example, if
identified through the same data source, 2 sisters with RA
would appear as 2 index patients, each “exposed” by her
sister’s disease status.

Data sources and RA ascertainment. The Swedish
Patient Register. The Swedish Patient Register contains date
of admission, date of discharge, and primary and secondary
diagnoses (coded according to ICD versions 7–10) as assigned
by the treating (discharging) physician. Information on inpa-
tient treatment is available from 1964 onward, with virtually
complete nationwide coverage for RA beginning in 1987 (17).
Diagnoses based on outpatient visits to non–primary care
facilities have been recorded since 2001. We had access to data
in the Patient Register through 2009, and identified all indi-
viduals listed with the following ICD codes: ICD-10 codes
M05, M060, M06.2, M06.3, M06.8, M06.9, M12.3; ICD-9 codes
714.0–2, 714.8, 719.3; ICD-8 codes 712.10, 712.20, 712.38,
712.39. Diagnostic validity in the Patient Register has been
assessed by reviewing the medical charts of almost 1,000
patients admitted to a hospital with an RA diagnosis, as well as
the records of 114 patients with a non–primary care outpatient
visit with an RA diagnosis. Approximately 90% of patients,
whether admitted to a hospital or treated at an outpatient
facility (18,19), fulfilled the American College of Rheumatol-
ogy (ACR) criteria for RA (20). To increase diagnostic valid-
ity, 2 or more separate visits with RA diagnoses were required
and at least 1 of these visits had to be to a specialist in
rheumatology or internal medicine.

The SRQ Register. The SRQ Register is run by the
Swedish Rheumatology Association and is primarily a clinical
database. It is a web-based surveillance system initiated in
the mid-1990s, and it contains baseline patient information
(including the diagnosis, onset of symptoms, ACR criteria,
RF status, and disease activity) collected at first entry, with
longitudinal information on disease progress collected at sub-
sequent visits. For the purpose of this study, only those patients
who, according to the ACR criteria, were classified as having
RA within 12 months of symptom onset were included. We had
access to data in the SRQ Register through 2010.

The EIRA case–control study. The EIRA study is a
population-based case–control study of incident RA. The
study started in 1996, and new cases and controls are still being
enrolled. For the purpose of this study, we included all EIRA
cases recruited through 2009. EIRA investigators invite all
newly diagnosed Swedish-speaking RA patients ages 18–70
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years, who are treated at one of the collaborating rheumatol-
ogy departments. Of invited cases, participation has been
estimated to be 96% (21).

The Multigeneration Register. The Multigeneration
Register identifies biological and adoptive parents of Swedish
residents born in 1932 or thereafter and registered as living in
Sweden at any time since 1961. For individuals born in Sweden
in 1968 or later, the register has almost perfect coverage (22).
Through the parents, it is possible to identify other relatives,
for instance, siblings are identified as all individuals who have
the same biological mother and father.

RF and ACPA status. For cases identified through the
SRQ register, RF status was defined according to the reporting
clinician. For cases identified through the EIRA study, RF was
measured by nephelometry, with the cutoff for RF positivity
specified at each respective laboratory. For RA cases exclu-
sively identified through the Swedish Patient Register, we used
a probabilistic algorithm to determine their RF status based
on their history of ICD-10 diagnoses of seropositive RA or
seronegative RA. Most subjects (76%) had exclusively received
codes corresponding to either seropositive RA or seronegative
RA. For the remaining subjects, RF status was defined as
seropositive if subjects had received more diagnoses of sero-
positive RA than of seronegative RA and as seronegative if
subjects had received more diagnoses of seronegative RA than
of seropositive RA. RF status was considered unknown in
subjects who had received an equal number of seropositive RA
and seronegative RA diagnoses and in subjects who had
received diagnoses based on ICD-8 or ICD-9 criteria only. We
tested this classification scheme on the subjects with known
RF status in the SRQ Register and EIRA study and found that
it predicted the correct RF status in 91% and 92% of all
classified cases, respectively.

ACPA was directly measured for cases in the EIRA
study using an Immunoscan RA Mark 2 (Euro-Diagnostica)
anti–cyclic citrullinated peptide 2 enzyme-linked immuno-
sorbent assay (23). ACPA was considered to be present when
detected in concentrations of �25 units/ml.

Statistical analysis. We first compared the family
structures of RA cases with those of their matched controls to
ensure that any familial observations were not simply due to
differences in, for example, the number of identified relatives
of a particular type. Thereafter, familial risks were estimated
by conditional logistic regression using SAS version 9.3. In all
analyses, RA in relatives was defined as RA identified in any
of the contributing data sources. The occurrence of RA in a
first-degree relative was assessed from 1964 until 2009, irre-
spective of the date of RA onset in the index patient. In
additional analyses, we also assessed the relative risk of family
history of RA (i.e., only taking into account RA in the relatives
who were diagnosed before the case’s disease onset), but found
very similar distribution and magnitude of relative risks (esti-
mates in combined sample �10% different) (data not shown).

Familial risks were estimated both by treating each
relationship pair separately and, to increase power, by creating
identifiers for having any relative (�1) with a diagnosis of RA.
In the first instance, each individual potentially contributes
multiple observations, one for each relative of the relevant
type. To correct confidence intervals (CIs) for the correlated
data structure, robust standard errors were calculated using
the sandwich covariance estimator by Lin and Wei (24),

implemented in Proc Phreg, SAS version 9.3. Familial risks
were stratified by type of relative and by sex (in the combined
sample of the Swedish Patient Register, SRQ Register, and
EIRA study), RF status (in the combined sample, and in the
SRQ Register and the EIRA study separately), ACPA status
(only in the EIRA study), and age at disease onset in the case
(only in the SRQ Register and the EIRA study).

For comparison with previous studies and as a com-
plementary measure of familial aggregation, we calculated the
heritability of RA overall and stratified by sex and RF/ACPA
status. Heritability is a theoretical concept defined as the
proportion of a population’s phenotypic variance that is attrib-
utable to genetic variation. Consistent with classic quantitative
genetics, the heritability of a dichotomous trait may be calcu-
lated from relatives’ tetrachoric correlation by assuming a
liability threshold model of the trait, where everyone has a
liability to develop the trait, but only those scoring above a
threshold value do so. Under the further assumption that only
additive genetic factors contribute to similarity among relatives
with regard to the trait and that mating is random with regard
to the genes underlying the trait, the heritability may be
estimated as twice the observed tetrachoric correlation among
first-degree relatives (25). To calculate the tetrachoric corre-
lation from case–control sampled data, the population preva-
lence of the trait must be known. To assess the sensitivity to the
assumed prevalence, we calculated the heritability for a range
of estimated prevalences, in turn informed by previous preva-
lence studies of RA based on the same data (26). Further
details on these calculations are available on the Arthritis &
Rheumatism web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.38097/abstract.

RESULTS

Of 90,372 cases with RA, 88,639 were identified
through the Swedish Patient Register, 11,519 through
the SRQ Register, and 2,871 through the EIRA study.
The 3 data sources were hierarchically overlapping, as
shown in Figure 1, with 77,654 cases identified only
through the Patient Register, and 9,458 identified

Figure 1. Venn diagram of hierarchically overlapping data sources.
The combined sample (from the Swedish Patient Register [Pat. Reg.],
the Swedish Rheumatology Quality [SRQ] Register, and the Epide-
miological Investigation of Rheumatoid Arthritis [EIRA] study) in-
cludes 90,372 patients.
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through the SRQ Register but not the EIRA study. Most
patients who were not identified in the Patient Register
were registered in 2010 (n � 715), when we only had
data from the SRQ Register, or had been registered only
once or outside of specialist care (n � 389).

Table 2 is a summary of the mean number of
relatives for cases and controls. The number of identifi-
able relatives depends on birth cohort, which differed
across the 3 cohorts studied. Excluding individuals born
before 1932, no difference was seen among the data
sources (available on the Arthritis & Rheumatism web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.
38097/abstract). Case subjects had the same number of
offspring as the controls, but the number of parents and
siblings identified was higher. The difference was small,
however, and adjustment for the number of relatives did
not affect the estimated familial risks (data not shown).

As shown in Table 3, overall familial risks of RA

were similar among first-degree relatives (OR 3.1 [95%
CI 2.9–3.3] for parents, and OR 3.6 [95% CI 3.1–4.0]
for siblings) and lower for second-degree relatives (OR
1.9 [95% CI 1.7–2.2] overall). Having �1 first-degree
relative who had RA doubled the OR (with 1 first-
degree relative, OR 3.2 [95% CI 3.0–3.3], with 2 or more
first-degree relatives, OR 7.0 [95% CI 6.1–8.0]).

There were no significant differences between
the sexes, although ORs tended to be slightly higher for
male index patients and male–male relationships (e.g.,
for brothers, OR 4.5 [95% CI 2.8–7.2] and for sisters,
OR 3.5 [95% CI 2.8–4.3]). Odds ratios among grand-
parents were similar for maternal and paternal grand-
parents (OR 1.9 [95% CI 1.6–2.2] and OR 1.7 [95% CI
1.4–2.0], respectively). Familial risk for both sexes com-
bined was of the same magnitude as sex-specific risk.
Despite the differences in the way cases were ascer-
tained, overall familial risks were similar in the 3 data

Table 2. First-degree relatives of Swedish patients with rheumatoid arthritis (RA) identified in 3 overlapping data sources
and matched general-population controls*

Data source

No. of relatives per case or control,
mean � SD

No. of relatives with RA
(% of all relatives)

Siblings Parents Offspring Siblings Parents Offspring

Swedish Patient Register
Cases 0.69 � 1.32 0.80 � 0.97 1.76 � 1.39 2,182 (3.5) 2,751 (3.9) 2,817 (1.8)
Controls 0.66 � 1.29 0.79 � 0.96 1.78 � 1.39 3,130 (1.0) 4,549 (1.3) 4,552 (0.6)

SRQ Register
Cases 1.16 � 1.53 1.37 � 0.91 1.91 � 1.28 352 (2.6) 582 (3.7) 178 (0.9)
Controls 1.10 � 1.47 1.34 � 0.92 1.88 � 1.29 588 (0.8) 1,011 (1.3) 316 (0.3)

EIRA study
Cases 1.37 � 1.50 1.68 � 0.70 1.85 � 1.23 92 (2.6) 192 (4.0) 30 (0.6)
Controls 1.25 � 1.45 1.58 � 0.78 1.83 � 1.26 174 (0.9) 299 (1.3) 53 (0.2)

* Irrespective of patients’ birth-year cohort, which is a strong determinant for the possibility of identifying relatives, and which
differs across data from the Swedish Patient Register, the Swedish Rheumatology Quality (SRQ) Register, and the
Epidemiological Investigation of Rheumatoid Arthritis (EIRA) study.

Table 3. Risk of rheumatoid arthritis (RA) in relatives of patients with RA compared to the occurrence of RA in relatives
of matched general-population controls in the combined sample

Relationship to patient

Familial risk, OR (95% CI)*

Overall Male–male Female–male Male–female Female–female

Any first-degree relative 3.2 (3.0–3.3) 3.8 (3.3–4.2) 3.1 (2.8–3.3) 3.3 (3.0–3.5) 3.1 (2.9–3.3)
�2 first-degree relatives 7.0 (6.1–8.0) 6.6 (3.3–13.1) 7.3 (4.7–11.2) 6.3 (5.0–7.9) 7.4 (5.2–10.4)

Siblings 3.6 (3.1–4.0) 4.5 (2.8–7.2) 3.3 (2.6–4.3) 3.7 (2.8–4.8) 3.5 (2.8–4.3)
Parents 3.1 (2.9–3.3) 3.7 (3.0–4.6) 3.1 (2.7–3.5) 3.0 (2.6–3.4) 3.1 (2.8–3.3)
Children 3.2 (3.0–3.5) 3.6 (2.7–4.9) 3.1 (2.6–3.7) 3.3 (2.7–3.9) 3.2 (2.9–3.6)

Any second-degree relative 1.9 (1.7–2.2) 2.8 (1.9–4.2) 2.0 (1.6–2.5) 1.7 (1.4–2.2) 1.9 (1.6–2.2)
Half siblings 2.0 (0.7–6.2) 1.1 (0.0–65.8) 2.0 (0.4–11.1) 2.2 (0.1–59.1) 3.1 (0.2–42.7)
Maternal grandparents 1.9 (1.6–2.2) 2.3 (1.2–4.5) 2.0 (1.4–2.9) 2.1 (1.4–3.1) 1.7 (1.4–2.2)
Paternal grandparents 1.7 (1.4–2.0) 3.3 (1.5–7.5) 1.7 (1.1–2.6) 1.2 (0.8–1.8) 1.7 (1.3–2.3)

* Odds ratios (ORs) with 95% confidence intervals (95% CIs) estimated with conditional logistic regression and calculated with
a robust variance estimator.
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sources, with an OR of 3.2 (95% CI 3.0–3.3) in the
combined sample, 2.9 (95% CI 2.6–3.2) in the SRQ
Register, and 3.0 (95% CI 2.5–3.7) in the EIRA study.

Familial risks were greatly modified by RF/
ACPA status (Table 4). In all samples, there was a
stronger aggregation of RF-positive RA compared to
RF-negative RA or RA overall (e.g., in the SRQ Reg-
ister, ORs were 3.7, 2.5, and 2.9, respectively). Familial
risk of RF-negative RA showed weaker or no specificity,
with a similar association with RF-positive RA and
RF-negative RA in the SRQ Register and EIRA study,
albeit with a slightly stronger association with RF-
negative RA than with RF-positive RA in the combined
sample. The strongest familial risk was the prediction,
by RF-positive RA in first-degree relatives, of ACPA-
positive RA in index patients (OR 4.6 [95% CI 3.4–6.1]).
Among the RA patients with unknown RF status, the
degree of familial aggregation was intermediate between
the risks of RF-positive RA and RF-negative RA. (In
the combined sample, the OR for the association be-
tween unknown RF status in the proband and any RA in
first-degree relative was 2.8 [95% CI 2.6–3.0]; the OR
for the association between any RA in the proband and
unknown RF status in first-degree relative was 2.9 [95%
CI 2.7–3.]).

Familial risks were also modified by the pro-
band’s age at onset of disease (Figure 2). The familial
OR was almost twice as high among probands with
disease onset before age 40 (OR 4.3 [95% CI 3.3–5.4])

compared to probands with disease onset after age 60
(OR 2.3 [95% CI 1.9–2.7]). The age interaction was
further modified by RF status; it was even more pro-
nounced for RF-positive RA, but weak for RF-negative
RA. In the EIRA study, a similar pattern was found after
stratification for the proband’s ACPA status and age
(Figure 2), but because of lack of power it was not
informative to further narrow the analyses according to
the relatives’ RF status.

The familial risks were consistent with an overall
heritability of RA of 40%. This estimate was not partic-
ularly sensitive to the assumed population prevalence of
RA, ranging from 38% (using a population prevalence
estimate of 0.5%) to 45% (using a population prevalence
estimate of 2%) (available on the Arthritis & Rheumatism
web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.38097/abstract). On the heritability scale, there was
no visible difference between the sexes, since higher
ORs in men were counteracted by lower disease preva-
lence. The difference in familial aggregation of RA by
RF/ACPA status was more pronounced on the herita-
bility scale, since the higher familial OR for RF/ACPA-
positive RA coincided with higher disease prevalence.
In the combined sample, heritability of RF-positive RA
was estimated to be �44% and heritability of RF-
negative RA, �27%. In the EIRA study, a comparison
between ACPA in index patients and RF in first-degree
relatives revealed a heritability estimate of �50% for
ACPA-positive RA and �20% for ACPA-negative RA.

Table 4. Familial risk of RA by RF/ACPA status of the index patient and relative*

Data source
No. of index

patients

First-degree relatives by serologic status,
OR (95% CI)

Any RF positive RF negative

Combined sample
Overall 90,372 3.2 (3.0–3.3) 3.4 (3.3–3.6) 2.5 (2.3–2.8)
RF-positive RA 45,851 3.5 (3.3–3.7) 3.9 (3.6–4.1) 2.6 (2.3–3.0)
RF-negative RA 12,959 2.6 (2.4–2.9) 2.5 (2.2–2.8) 3.1 (2.5–3.8)

SRQ Register
Overall 11,519 2.9 (2.6–3.2) 3.1 (2.8–3.6) 2.4 (1.9–3.1)
RF-positive RA 7,410 3.3 (2.9–3.7) 3.7 (3.2–4.2) 2.4 (1.8–3.2)
RF-negative RA 4,020 2.2 (1.9–2.7) 2.2 (1.7–2.8) 2.5 (1.6–3.8)

EIRA study
Overall 2,871 3.0 (2.5–3.7) 3.4 (2.7–4.4) 2.2 (1.4–3.4)
RF-positive RA 1,839 3.7 (2.9–4.6) 4.3 (3.2–5.7) 2.6 (1.5–4.6)
RF-negative RA 934 2.2 (1.5–3.0) 2.1 (1.4–3.4) 1.6 (0.7–3.7)
ACPA-positive RA 1,652 3.7 (2.9–4.7) 4.6 (3.4–6.1) 2.2 (1.3–3.9)
ACPA-negative RA 873 2.1 (1.5–3.1) 1.8 (1.1–2.9) 2.2 (0.9–5.3)

* Combined sample includes data from the Swedish Patient Register, the Swedish Rheumatology Quality
(SRQ) Register, and the Epidemiological Investigation of Rheumatoid Arthritis (EIRA) study. Odds
ratios (ORs) with 95% confidence intervals (95% CIs) were estimated with conditional logistic regression
and calculated with a robust variance estimator. RA � rheumatoid arthritis; RF � rheumatoid factor;
ACPA � anti–citrullinated protein antibody.
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DISCUSSION

Swedish nationwide registers were used in this
study to assess the familial aggregation of RA in 3

hierarchically clustered population-based samples. We
replicated population-based estimates of the familial
risk of RA and were able to extend previous research in
several ways.

First, in terms of family structure, we found that
RA patients did not differ substantially from age-
matched controls. There was no difference in the num-
ber of offspring, which raises doubt about the lowered
rates of fertility or fecundity that have been previously
reported in individuals with RA (27,28). RA patients
were found to have a slightly higher number of siblings,
which may indicate a socioeconomic difference in fam-
ilies with a history of RA (29). Regardless, this increased
number of siblings had no effect on the estimated
familial aggregation.

Further, we found familial risks that corre-
sponded to those in previous studies of population-
based samples; however, in general, the familial risks in
the present study were lower than those shown in earlier
studies that were based on selected or clinical samples.
In a previous study that also used Swedish registers (8),
a sibling risk of 4.6 was found, which is higher than our
estimate and higher than the offspring risk found in that
same study (standardized incidence ratio 3.0), while we
found similar risks in offspring and siblings. In that
study, RA was identified on the basis of hospitalizations
only (and no data on RF or ACPA status were avail-
able). It might thus be that the considerably higher
relative risks in the earlier study were reflective of
disease severity, and, importantly, by health-seeking
behavior that may be familial. The results may also be
influenced by left truncation or different length of
followup resulting in different age distributions, since we
have shown that the familial risks are modified by age at
disease onset.

The familial risks seen in our study were similar
for first-degree relatives, and lower for second-degree
relatives. This is consistent with the notion that familial
risk is predominantly due to genetic factors, which would
be similarly shared by all relatives at the same genetic
distance, although environmental factors may follow a
similar pattern and cannot be ruled out as contributing
to familial risk. The familial risks were consistent with a
heritability of 40%, which is lower than the often-cited
�60% heritability of RA (30). This previously reported
heritability estimate is based on data from 2 twin
samples, each with somewhat different heritability esti-
mates (53% versus 65%), and a total of only 33 concor-
dant twin pairs (6,30,31). Using genome-wide single-
nucleotide polymorphisms (SNPs), the heritability of
RA was recently estimated to be 52% (SE 8%) (32).

Figure 2. Relative risk of rheumatoid arthritis (RA) (familial risk) in
Swedish patients with RA identified in the Swedish Rheumatology
Quality Register (SRQ) and the Epidemiological Investigation of
Rheumatoid Arthritis (EIRA) study (versus matched controls from a
general population register), stratified by the index patient’s age at
onset of RA. In the SRQ Register, rheumatoid factor (RF) status
refers to both index patients and relatives, i.e., RF-positive RA in
first-degree relatives is regressed on RF-positive RA in index patients.
In the Epidemiological Investigation of Rheumatoid Arthritis (EIRA)
study, anti–citrullinated protein antibody (ACPA) status refers only to
the index patient, and any RA in first-degree relatives is used for all
analyses. 95% CI � 95% confidence interval.
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There may be many reasons why our estimate
differs from earlier estimates. The classic twin model is
known to result in overestimated heritability when
monozygotic twins have more shared environment than
dizygotic twins, when there are statistical interactions
between genes at the same or different loci, or when
there are statistical gene–environment interactions (6).
It is also possible that when both twins in a twin pair
have RA, they are more willing to participate, which
would inflate concordance rates and heritability esti-
mates. Our estimate of 40% is less sensitive to depar-
tures from additivity, since interactions contribute less to
the sibling correlation than to the monozygotic twin
correlation. That our estimate was also lower than the
SNP-based estimate may be due to differences in case
ascertainment or true differences between the popula-
tions studied (UK versus Swedish), but it may also be
explained by random variation. Although lower than
previously reported, our heritability estimate should still
be an overestimate, since it assumes that nongenetic
factors do not have an effect on sibling similarity.

Our results suggest that familial associations of
RA are equal in men and women, and combined-sex
familiality was similar in strength to sex-specific risk.
Although familial ORs tended to be somewhat higher
for male index patients, this is not surprising in light of
the lower disease prevalence among men. Indeed, on the
heritability scale, there was no visible difference (avail-
able on the Arthritis & Rheumatism web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.38097/abstract).
This absence of an interaction suggests that despite the
strong difference between the sexes with regard to
disease prevalence, the genetic contribution to RA
seems to be similar in men and women, and we should
perhaps not expect to find genes with a marked differ-
ence in effect by sex.

We found higher familial aggregation of RF/
ACPA-positive RA than RF/ACPA-negative RA. The
difference was more evident in the SRQ Register and
EIRA study, where RF was more reliably measured.
Generally, the association was even greater for ACPA
than for RF, which would be expected if ACPA is a
better indicator of an underlying diagnostic differentia-
tion. This finding supports the notion that seropositive
RA and seronegative RA have different etiologies, and
that familial factors such as genetics are more important
for the development of seropositive RA. The diseases
are not independent, however. Despite a clear differ-
ence in familial aggregation, the cross-phenotype famil-
ial OR was �2, suggesting that many genetic or family-
related environmental factors influence both types of

RA. This is consistent with findings of molecular genetic
studies, which suggest that there are both similarities
and differences in genetic risk factors for seropositive
RA and seronegative RA (33).

In terms of heritability, we estimated that ACPA-
positive RA had a heritability of �50% and ACPA-
negative RA �20%. This has direct implications for the
discussion on the missing heritability of RA. In calcula-
tions based on a heritability of RA of �60% (with no
distinction made in the heritability of ACPA-positive
versus ACPA-negative RA), it was estimated that iden-
tified genes explain 50–60% and 30–50% of the genetic
liability to develop ACPA-positive RA and ACPA-
negative RA, respectively (2). If the heritability of RA is
lower overall, then there is less missing knowledge on
the involved genes, and we may already have identified
a larger proportion of the loci that influence these traits.

A higher familial OR was found in RA with
disease onset at a younger age, and a lower familial OR
for RA with disease onset at an older age. The higher
relative risk in individuals with earlier-onset RA is
expected given that incidence of the disease peaks at
50–60 years of age. At the same heritability of a disease,
the relative risk is expected to be higher at an age when
the disease is rarer. The finding of lower familial risk of
RA in subjects age �60 years, a time when incidence of
RA is also lower, suggests that genetic and other familial
factors are proportionally less important for the devel-
opment of late-onset RA. It may be that individuals who
are genetically predisposed to develop RA do so at an
earlier age, while individuals who develop RA later have
lower innate liability and need to accumulate more
exposure to environmental factors for the disease to
clinically manifest.

Interestingly, the age trend in familial risk was
more pronounced for RF/ACPA-positive RA and
weaker or absent for RF/ACPA-negative RA. This
further stresses the etiologic differences between the 2
types of RA and that inborn or early-life factors seem
more important for RF/ACPA-positive RA.

This study has several strengths. By using large
Swedish registers we were able to provide fairly precise
estimates for the familial aggregation of RA over all
first- and second-degree relatives. The use of nation-
wide, prospectively collected patient information re-
moved the risk of selective participation, recall bias, or
misclassification due to case-reported RA in relatives.
RA diagnoses recorded in the population registers have
been shown to have high validity compared to chart
reviews. By combining RA cases from 3 sources, we
could capitalize on the statistical strength of the nation-
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wide Swedish Patient Register to provide sufficient
statistical power for precise estimates of sex-stratified
familial risks, while taking advantage of the more clini-
cally detailed information on age at onset and RF/ACPA
status in the SRQ Register and EIRA study, to provide
more nuanced estimates than those based on hospital-
ization data only. Familial risk estimates were consistent
across data sources, supporting the notion that findings
from the 2 smaller samples may be generalized to the
general Swedish population.

Nevertheless, some limitations should be ac-
knowledged. RF status and ACPA status were based on
results of laboratory tests performed at one time point,
as recorded in the SRQ Register and EIRA study. For
the combined sample, and for relatives in each separate
study population, RF status was based on the number of
RF-informative RA diagnoses that were recorded in the
Swedish Patient Register. It is likely that RF status is
subject to some degree of misclassification. In theory, it
is possible that the cross-phenotype familiality we ob-
served for RF-positive and RF-negative RA is simply
due to misdiagnosis of RF-positive RA as RF-negative
RA. To explore this idea, we calculated the degree of
misclassification that would be necessary for the ob-
served OR in index patients with RF-negative RA and
first-degree relatives with RF-positive RA to be due to
a proportion of individuals with correctly classified
RF-negative RA and with a familial OR of 1, plus a
proportion of individuals with misclassified RF and an
OR equal to that observed for index patients with
RF-positive RA and first-degree relatives with RF-
positive RA. We found that the proportion of index
patients classified as having RF-negative RA who would
need to actually have had RF-positive RA in order to
explain the OR was roughly 50% in the combined
sample and 40% in the EIRA sample. This seems
unlikely, and we conclude that whereas the cross-
phenotype familial risk might be inflated, a null associ-
ation is unlikely.

Another limitation concerns the interpretation
of familial risk. Family history of a disease may be due
to genes or the nongenetic biologic, physical, or social
factors shared by relatives. By comparing relatives
known to share different degrees of genetic or environ-
mental factors, it may be possible to assess the compar-
ative importance of these factors. Unfortunately, we
lacked information on adoptive relatives, monozygotic
twins, and other types of relatives that would have been
informative, and we were not able to test any hypotheses
about the comparative importance of environmental and
genetic factors. This caveat also applies to the heritabil-

ity estimates, which were based on the strong assump-
tion that only additive genetic factors contributed to
familial aggregation of RA.

In conclusion, we found that the risk of develop-
ing RA was 3 times higher in first-degree relatives of RA
patients. The pattern of familial risks suggests that
familial factors influence RA in men and women equally
and that familial factors are of less importance for
late-onset RA. Familial factors were more important for
RF/ACPA-positive RA, but there was a significant fa-
milial overlap between RF/ACPA-positive RA and RF/
ACPA-negative RA. Even if familial risk is assumed to
be completely due to genetics, the observed risks suggest
a heritability of RA that is lower than previously re-
ported, in particular for RF/ACPA-negative RA. It will
now be an important task to assess to what extent the
observed familial risks are driven by known RA risk
genes and environmental factors.
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