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Methods: Using data from the Swedish Twin Registry and National Patient Register, we conducted a 20-
year population-based longitudinal cohort study including 59,970 twins aged 35 years or older. We
studied inpatient and outpatient doctor-diagnosed hand OA using ICD-10 codes from 1997 until 2016,
including both the distal/proximal interphalangeal (DIP/PIP) joints and/or the first carpometacarpal
(CMC-1) joints. We calculated intra-pair correlation, estimated the heritability (i.e., the percentage
variation in hand OA that can be explained by genetic factors) as well as a genetic risk.
Results: Among 59,970 included persons, 936 had a hand OA diagnosis registered during the study
period. The heritabilities of hand OA (any joint), CMC-1 OA and DIP/PIP OA were ~87%, 86% and 48%,
respectively, yet the two latter should be interpreted with care due to low numbers. Hand OA in any joint
in both twins in a pair occurred more frequently in identical twins (54/554 = 9.7%, intra-pair
correlation = 0.54, 95% CI = 0.44—-0.63) than in fraternal twins (18/1,246 = 1.4%, intra-pair
correlation = 0.10, 95% CI = —0.01—0.22). Identical twins who were diagnosed with hand OA in any joint
had a far higher risk than fraternal twins with hand OA to also have their co-twin diagnosed with hand
OA in any joint (Hazard Ratio = 6.98, 95% CI = 3.08—15.45).
Conclusion: The genetic contribution to hand OA is high and likely varying between 48% and 87%. Po-
tential differential heritability by hand OA phenotypes should be further explored.
© 2022 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

For example, the heritability of hand osteophytes and finger joint
space narrowing was reported to be 59% (95% Cl = 49—70%) in a

Osteoarthritis (OA) in the closest family has previously been re-
ported to increase the risk of future hand OA! Whereas familial
clustering including genetic factors contributing to hip and knee OA
has been thoroughly studied in large scale population-based twin
registry studies’ >, such studies are lacking for hand OA. Twin
studies are useful in disentangling the genetic vs environmental
contribution to joint diseases by allowing for the estimation of her-
itability. The heritability, or genetic contribution, is the percentage of
the variance in a trait that can be ascribed to genetic factors.

In smaller surveys and clinical twin studies, the genetic contri-
bution seems to be greater for hand OA than for hip and knee OA®”.
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British study of 250 twins, whereas the heritability was 39% (95% CI
26—52%) for knee osteophytes and knee joint space narrowing in
the same study sample®. Familial factors also seem to be of rele-
vance in other types of family-based studies of hand OA%°. Findings
from Iceland imply that the familial influence on hand OA increases
with the disease severity of both distal/proximal interphalangeal
(DIP/PIP) and first carpometacarpal (CMC-1) involvement (9).

Existing studies are typically based on small samples with strict
selection criteria, exploring the genetic contribution to radio-
graphic and symptomatic hand OA definitions separately. With the
knowledge that the impact of genetic factors may be different for
radiographic features and joint pain'®!!, more knowledge is needed
regarding the genetic contribution to combined pain and structural
features in a clinically relevant hand OA diagnosis in a population-
based sample. Thus, to gain new insights into the etiology of clin-
ically-relevant hand OA, our aim was to estimate the genetic
contribution to doctor-diagnosed hand OA in ~60,000 Swedish
twins.

1063-4584/© 2022 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International. This is an open access article under the CC BY-NC-ND
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Material and methods

Using data from the world's largest twin registry (the Swedish
Twin Registry linked with the National Patient Register of inpatient
and outpatient specialist care (individual level)), we conducted a
20-year population-based longitudinal cohort study including
59,970 twins born in 1911—-77. A twin pair (only those with known
zygosity: monozygotic/identical (MZ) and dizygotic/fraternal (DZ))
was included from the year they turned 35 years or older and when
both twins in the pair were alive and had at least 1 year of follow-
up (before e.g., moving, dying or being censored at study end).
Thus, singletons were excluded (i.e., twins in pairs were only one
twin was alive at baseline).

Outcome

We studied doctor-diagnosed hand OA using ICD-10 codes from
1997 until 2016, including OA codes both for the CMC-1 joint (M18)
as well as for the DIP/PIP joints (M15, M19.0D, M19.1D or M19.2D).
We categorized the codes into three study outcomes: 1) Hand OA,
including both DIP/PIP OA and CMC-1 OA, 2) CMC-1 OA only, and 3)
DIP/PIP OA only. A concordant twin pair is a pair in which both
twins have the outcome. Thus, as an example for the first outcome
(hand OA), a concordant twin pair could consist of one twin with
DIP/PIP OA and the other twin with CMC-1 OA, but also of pairs
with both twins having OA at the same joint sites. For the two latter
outcomes (DIP/PIP OA and CMC-1 OA), we required both twins in
the pair to have OA at the specific joint site in order to be counted as
a concordant twin pair. Data from the Swedish Patient Register has
been found to be high for most diagnoses, with a positive predictive
value of 85—-95%.

Statistical analyses

We first described individual characteristics of our study
sample as well as the number of concordant pairs and discordant
pairs, for MZ and DZ twins (discordant pairs are pairs in which
only one twin has the diagnosis in question). We secondly esti-
mated the intra-class correlation coefficient (ICC) of hand OA for
MZ and DZ twins. If genetic effects are important, we would
expect MZ twins to be more concordant and correlated for hand
OA than DZ twins. Based on the ICCs, we also estimated the her-
itability (Falconers formula, 2(ICCyz — ICCpz).). We did not esti-
mate any classical twin models (e.g., ACE or ADE model), in order
to avoid too many modelling assumptions and lack of compara-
bility across the included diagnoses (for example, that an ACE
model was the best fitting for one outcome, and an ADE model the
best fitting for another outcome). Finally, we used zygosity as a
proxy for genetic risk (MZ = 1, DZ = 0 (reference category)) and
studied the time from the first twin was diagnosed with hand OA,
until the second twin was diagnosed with hand OA (0—20 years
and only studying the “at-risk” for concordance pairs), using the
cumulative incidence function (where death and end of study
were censoring events) and using Cox regression model adjusted
for age, sex, education level (four levels), marital status (married
or registered partner yes/no) and the mean annual income, all
registered in years 1997—2015 (choosing the earliest record). So-
cioeconomic factors are closely related to health-seeking behavior,
which was needed for the patient to have a hand OA diagnosis.
Such factors are often more shared within MZ pairs than within
DZ pairs, and we adjusted for the selected covariates to avoid an
inflated genetic risk (i.e., crude measures of genetic risk may be
inflated by shared environmental factors). All analyses were run in
STATA MP v. 17.

Results

Among 80,740 twins and singletons registered in the Swedish
Twin Register, we identified 59,970 twins in complete pairs, i.e.,
where both twins could be observed for at least 1 year after follow-
up. Thus, we excluded 10,810 singletons as well as 6,442 twins in
pairs where at least one of the twins died or emigrated during the
first year of follow-up.

Among the 59,970 included persons, 936 had a hand OA diag-
nosis registered during the study period. Persons who had a hand
OA diagnosis during the follow-up period tended to be older, more
often women, more often married and have a lower education and
income than observed in the total sample (Table I).

The genetic contribution to hand OA in any joint

The heritability of hand OA in any joint was ~87% (Table I). Thus,
hand OA in both twins in a pair occurred more frequently in
identical twins (54/554 = 9.7%, intra-pair correlation = 0.54, 95%
CI = 0.44—0.63) than in fraternal twins (18/1,246 = 1.4%, intra-pair
correlation = 0.10, 95% CI = —0.01—0.22), which is indicates a
strong genetic component in hand OA. We observed only four
fraternal female pairs and O fraternal male pairs with both twins
having hand OA, respectively, and thus, intra-pair correlations
could not be compared and sex differences could not be calculated.
Identical twins who were diagnosed with hand OA in any joint had
a far higher risk than fraternal twins with hand OA to also have
their co-twin diagnosed with hand OA in any joint, when adjusted
for environmental factors (Fig. 1).

The genetic contribution to CMC-1 OA vs DIP/PIP OA

We also observed few pairs with both twins having CMC-1 OA,
or both twins having DIP/PIP OA only (Table I). However, the esti-
mates suggest a difference in genetic contribution for the two joint
sites. Whereas the difference between MZ and DZ correlation was
high, with non-overlapping 95% ClIs for CMC-1 OA, the difference
between MZ and DZ correlation was lower, with overlapping 95%
CIs for DIP/PIP OA. Accordingly, the heritability was estimated to be
86% vs 48%, for CMC-1 OA and DIP/PIP OA, respectively.

Discussion

In this study of ~60,000 Swedish twins aged 35 years or older,
we report a strong genetic component for hand OA, with a herita-
bility of around 48—87%. This finding is high when compared to
other OA sites and other diseases with known familial clustering. As
an example, cancer (in general) has a heritability of 33% and eye
color a heritability of 98%'>!>. Potential sex differences in the her-
itability of hand OA and its different phenotypes (CMC-1 vs DIP/PIP
OA) should be further explored.

To our knowledge, our study is the first population-based study
of the genetic contribution to a clinically relevant hand OA diag-
nosis. Our findings confirm previous indications that the genetic
contribution seems to be greater for hand OA than for hip and
knee OA in smaller surveys and clinical studies®’. For example, the
heritability of clinically-relevant hand OA in any joint in our study
sample was 87%, which is higher than the heritability of 53% for
clinically-relevant knee OA in the same study sample®. Although
results must be interpreted with great caution, we also found a
potentially stronger genetic component in CMC-1 OA than in DIP/
PIP OA. Previous studies have reported a more or less similar
heritability for osteophytes at the CMC-1 joint vs IP joints, yet
support that the genetics of hand OA should be studied in specific
phenotypes'®. Our findings imply that a phenotypic approach is
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Total Hand OA (any joint) CMC OA DIP/PIP OA
Individual twins, n 59,970 936 542 470
Age at start of follow-up, mean (SD) 50.2 (13.4) 51.4 (9.3) 51.4(9.4) 51.2(9.1)
Women, n (%) 32,421 (54) 682 (73) 411 (76) 335(71)
Education, 9 or fewer years, n (%) 18,094 (30) 262 (28) 158 (29) 126 (27)
Education, 10—12 years, n (%) 24,913 (42) 434 (46) 256 (47) 212 (45)
Education, 13—14 years, n (%) 7,118 (12) 108 (12) 71 (13) 49 (10)
Education, 15 or more years, n (%) 9,844 (16) 132 (14) 57 (11) 83 (18)
Married, n (%) 40,935 (68) 783 (84) 459 (85) 390 (83)
Annual income, mean (SD) 100,000 SEK 1.6 (1.5) 14(1.2) 14(1.2) 1.4 (1.2)
Twin pairs, n
Identical twins 9,475
Pairs without the outcome, n 9,198 9314 9,330
Concordant pairs, n 27 14 5
Discordant pairs, n 250 147 140
Fraternal twins 20,510
Pairs without the outcome, n 19,887 20,147 20,193
Concordant pairs, n 9 4 3
Discordant pairs, n 614 359 314

Genetic contribution measures
Intra-pair correlation (rMZ) (95% CI)
Intra-pair correlation (rDZ) (95% CI)
Heritability (2*[rMZ-rDZ])

0.54 (0.44—0.63)
0.10 (—0.01-0.22)
87

0.56 (0.44—0.68)
0.14 (—0.03-0.30)
86

0.38 (0.19-0.55)
0.13 (—0.05-0.31)
48

" CMC, carpometacarpal; DIP, distal interphalangeal; PIP, proximal interphalangeal. Concordant pairs are pairs with both twins having the outcome. Discordant pairs
are pairs with one twin having the outcome.

Table | O}eoarth ritisand Cartilage

Descriptive characteristics, intraclass correlation coefficients and genetic contribution measures
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The cumulative incidence and hazard ratio (HR) of co-twin being diagnosed with hand osteoarthritis (OA) for index twins who were already
diagnosed with hand OA. HRs were adjusted for age, sex, education status, marriage and mean annual income.
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appropriate also in future studies of genetics of clinically-relevant
hand OA. Such studies should include sex differences, as we had
too low (site-specific) concordances for male and female twin
pairs.

A number of important limitations should be mentioned. First,
we studied hand OA diagnoses made in specialist care, which may
imply we only captured the most severe or painful hand OA. Thus,
we cannot infer whether our findings also apply to less symp-
tomatic hand OA, which is often managed in primary care only.
Differences in severity grade and subsequent healthcare use might
explain the higher number of discordant than concordant twins
with hand OA, i.e,, it is possible that one twin in a pair went to
specialist care whereas the other went to primary care. If so, our
heritability estimates may be underestimates. Further, going to the
specialist with hand OA may reflect an examination decision or
treatment decision made by the general practitioner, and twins in a
pair may share the decision to visit their doctor, despite one twin
having more complaints from the finger joints than the other. Such
shared behavior (which includes health-seeking behavior) may be
more common in MZ twin pairs than in DZ twin pairs, and might
have inflated our estimates of genetic risk. For example, MZ twins
may be more likely than DZ twins to have similar jobs that entail
mechanical hand stress, a known hand OA risk factor. Such po-
tential violation of the equal environment assumption is a limita-
tion of all twin studies and can only be avoided in studies of twins
who were reared apart'”. Twin adoptee studies are very seldom
because of methodological challenges in obtaining sufficient sam-
ple sizes. Further, although such inflation of the heritability esti-
mates may not be avoidable, we adjusted for socioeconomic factors
as a proxy for shared socioeconomic factors. We also avoided
running classical twin models (i.e., so-called ACDE-models, which
are structural equation models estimating the percent of the vari-
ance explained by additive or dominant genetic factors (A or D),
shared environmental factors (C) and unique environmental factors
(E)). Instead, we present heritability as estimated by the Falconers
formula. Although this formula may overestimate the heritability,
we chose to rely on it here due to its simplicity and transparency .
As an important supplement, we report the risk of co-twin's diag-
nosis of hand OA, adjusted for a range of environmental factors that
often are shared by twins.

Conclusion

The genetic contribution to hand OA is high and likely varying
between 48% and 87%. Potential differences in the heritability of the
different phenotypes in hand OA (CMC vs DIP/PIP OA) should be
further explored.
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