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Differences in Clinical Features and Comorbid
Burden between HLA-C*06:02 Carrier
Groups in >9,000 People with Psoriasis
Konstantinos Douroudis1, Ravi Ramessur2, Ines A. Barbosa2, David Baudry2, Michael Duckworth2,
Caroline Angit3, Francesca Capon1, Raymond Chung4,5,6, Charles J. Curtis4,5,6, Paola Di Meglio2,
Jonathan M.R. Goulding7, Christopher E.M. Griffiths8, Sang Hyuck Lee4,5,6, Satveer K. Mahil2,9,
Richard Parslew10, Nick J. Reynolds11,12, Alexa R. Shipman13, Richard B. Warren8, Zenas Z.N. Yiu8,
Michael A. Simpson1, Jonathan N. Barker2,9, Nick Dand1,14,15 and Catherine H. Smith2,9,15,
BADBIR and BSTOP Study Groups
The identification of robust endotypes—disease subgroups of clinical relevance—is fundamental to stratified
medicine. We hypothesized that HLA-C*06:02 status, the major genetic determinant of psoriasis, defines a psoriasis endotype of clinical relevance. Using two United Kingdomebased cross-sectional datasets—an observational severe-psoriasis study (Biomarkers of Systemic Treatment Outcomes in Psoriasis; n ¼ 3,767) and a large
population-based bioresource (UK Biobank, including n ¼ 5,519 individuals with psoriasis)—we compared demographic, environmental, and clinical variables of interest in HLA-C*06:02epositive (one or two copies of the
HLA-C*06:02 allele) with those in HLA-C*06:02‒negative (no copies) individuals of European ancestry. We used
multivariable regression analyses to account for mediation effects established a priori. We confirm previous
observations that HLA-C*06:02epositive status is associated with earlier age of psoriasis onset and extend
findings to reveal an association with disease expressivity in females (Biomarkers of Systemic Treatment Outcomes in Psoriasis: P ¼ 2.7  10e14, UK Biobank: P ¼ 1.0  10e8). We also show HLA-C*06:02enegative status to be
associated with characteristic clinical features (large plaque disease, OR for HLA-C*06:02 ¼ 0.73, P ¼ 7.4  10e4;
nail involvement, OR ¼ 0.70, P ¼ 2.4  10e6); higher central adiposity (Biomarkers of Systemic Treatment Outcomes in Psoriasis: waist circumference difference of 2.0 cm, P ¼ 8.4  10e4; UK Biobank: waist circumference
difference of 1.4 cm, P ¼ 1.5  10e4), especially in women; and a higher prevalence of other cardiometabolic
comorbidities. These findings extend the clinical phenotype delineated by HLA-C*06:02 and highlight its potential as an important biomarker to consider in future multimarker stratified medicine approaches.
Journal of Investigative Dermatology (2022) 142, 1617e1628; doi:10.1016/j.jid.2021.08.446

INTRODUCTION
Psoriasis is a T-cell‒mediated chronic inflammatory skin
disease and a global health problem with substantial

socioeconomic consequences. The prevalence of psoriasis
varies by country between 0.09% and 11.43%, with at least
60 million individuals affected worldwide (Parisi et al.,
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2020). Psoriasis has a complex genetic background, with
GWASs having identified >60 disease susceptibility loci in
Europeans (Dand et al., 2017; Griffiths et al., 2021; Patrick
et al., 2018; Tsoi et al., 2017). Environmental triggers of
psoriasis are ill-understood but are thought to include infections, systemic drugs, skin trauma, and stress (Basavaraj
et al., 2010; Boehncke and Schön, 2015; Naldi et al.,
2005). Psoriasis is a heterogeneous condition with variable
severity and potential for disease flares, with sufferers at
increased risk of chronic comorbidities, including type 2
diabetes (Neimann et al., 2006), metabolic syndrome
(Sommer et al., 2006), cardiovascular disease (Gelfand et al.,
2006), and depression (Esposito et al., 2006). The identification of robust psoriasis endotypes, namely “disease subtypes defined functionally or pathologically by a particular
molecular mechanism or by a treatment response”
(Anderson, 2008), has a huge potential benefit. A stratified
medicine approach that proactively targets endotypes at a
high risk of morbidity with prophylactic or early interventions
could facilitate effective and efficient clinical management of
this debilitating condition well beyond the current reactive
treatment paradigm (Reid et al., 2020).
The HLA-C gene within the major histocompatibility
complex offers a good candidate biomarker for the delineation of psoriasis endotypes. HLA-C*06:02 is the genetic allele
with by far the largest individual contribution to the risk of
psoriasis (Feng et al., 2009; Nair et al., 2006), with each copy
carried by an individual conferring up to five-fold increased
odds of developing psoriasis (Okada et al., 2014). The functional role of HLA-C in the pathogenesis of psoriasis remains
elusive, although a role in antigen presentation to CD8þ T
cells has become increasingly well-recognized (Prinz, 2018).
This is supported by the established genetic interaction with
variation in ERAP1, a gene encoding an aminopeptidase
active on antigens before major histocompatibility complex
loading (Genetic Analysis of Psoriasis Consortium & the
Wellcome Trust Case Control Consortium 2 et al., 2010).
There is evidence that patients with psoriasis carrying the
HLA-C*06:02 allele (HLA-C*06:02epositive patients) exhibit
a distinct clinical phenotype from that of HLAC*06:02enegative patients. HLA-C*06:02 has been associated with an earlier age of psoriasis onset (Henseler and
Christophers, 1985), more severe disease course, differences in lesion distribution, increased rates of Koebner phenomenon, increased likelihood of exacerbation caused by
streptococcal throat infection, and more frequent remission
of psoriasis symptoms during pregnancy (Fan et al., 2007;
Gudjonsson et al., 2006). These differences hint at biologically distinct pathologies, supported by the fact that differential treatment response to biologics has been observed
(Dand et al., 2019).
However, many open questions remain. Except for work by
Gudjonsson et al. (2006), studies reporting differences in
patient characteristics or psoriasis outcomes between HLAC*06:02‒stratified subgroups are limited in their generalizability to the psoriasis population as a whole by small sample
sizes, differences in inclusion criteria, and ethnic diversity
between studies. The relevance of HLA-C*06:02 status to the
important comorbidity of psoriatic arthritis (PsA) remains
unclear (Rahman and Elder, 2005; Szczerkowska-Dobosz
1618

Journal of Investigative Dermatology (2022), Volume 142

et al., 2004). Although some studies show a reduced frequency of HLA-C*06:02 in PsA compared with that in psoriasis (Eder et al., 2012a), it has been suggested that
ascertainment bias may underlie this finding, with the age of
psoriasis onset confounding the association (Bowes et al.,
2017). Few studies have investigated the association between HLA-C*06:02 and cardiometabolic comorbidities in
psoriasis (Gulliver et al., 2011), and interactions between
HLA-C*06:02 and environmental influences on psoriasis,
such as smoking and obesity, remain unclear (Eder et al.,
2012b; Jin et al., 2009, 2008).
Robust evidence is needed to assess the potential utility of
HLA-C*06:02 endotypes in the clinical management of
psoriasis, which might include targeted early screening for
comorbidities and guiding treatment decisions. This study
therefore aims to define important differences in the key
clinical features, environmental traits, and comorbidities
between HLA-C*06:02‒stratified psoriasis subgroups. These
associations were examined in two large, independently
ascertained, United Kingdom (UK)‒based cross-sectional
datasets to gain insights into the potential generalizability
of findings to the wider psoriasis population.
RESULTS
Biomarkers of Systemic Treatment Outcomes in Psoriasis
and UK Biobank datasets represent distinct psoriasis
populations

We summarized and compared the key variables between
the Biomarkers of Systemic Treatment Outcomes in Psoriasis
(BSTOP) (n ¼ 3,767) and UK Biobank (n ¼ 5,519) datasets
(Table 1). BSTOP participants were younger (median age of
45 [interquartile range ¼ 36e54] years) than participants
with psoriasis in the UK Biobank (median age of 58 [interquartile range ¼ 50e63] years; P < 2.2  10e300) and had an
earlier age of psoriasis onset (20 [14e31] vs. 29 [16e46]
years; P ¼ 9.1  10e84) and shorter disease duration (21
[interquartile range ¼ 12e30] vs. 26 [10e40] years; P ¼
1.9  10e19). This is due in large part to differing eligibility
criteria regarding age (>16 years for BSTOP, 40e69 years for
UK Biobank) and possibly also recall bias in UK Biobank and
age bias in the prescription of systemic therapy necessary for
entry into BSTOP. The prevalence of all examined comorbidities was lower in BSTOP than in UK Biobank.
BSTOP participants were slightly less likely to be female
(43.5%) than UK Biobank participants with psoriasis (45.7%;
P ¼ 0.036). The HLA-C*06:02 allele was observed more
frequently in BSTOP participants (53.7% of patients positive)
than in the UK Biobank group (46.3% positive; P ¼ 2.6 
10e12).
Significant differences in demographic, disease onset, and
environmental traits are observed between patients with
psoriasis who are HLA-C*06:02 positive and negative

Differences in demographic, disease onset, and environmental traits between HLA-C*06:02epositive and ‒negative
psoriasis cases are summarized in Table 2. We confirmed the
well-known association with age of psoriasis onset in both
datasets (BSTOP: median ages of 17 and 26 years in HLAC*06:02epositive and ‒negative patients, respectively; P ¼
9.1  10e84; UK Biobank: median ages of 20 and 39 years in
HLA-C*06:02epositive and ‒negative patients, respectively;
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Table 1. Key Demographic and Disease Onset Characteristics and HLA-C*06:02 Exposure Status of Patients with
Psoriasis in BSTOP and Participants with Psoriasis in UK Biobank
BSTOP (N [ 3,767)

Characteristic

UK Biobank (N [ 5,519)

P-Value

Age at onset (y), median (IQR)

20 (14e31)

29 (16-46)

9.1  10e84

Age at recruitment (y), median (IQR)

45 (36e54)

58 (50-63)

2.2  10e300

Psoriasis duration (y), median (IQR)

21 (12e30)

26 (10-40)

1.9  10e19

Female sex, n (%)

1,640 (43.5)

2,525 (45.7)

0.036

HLA-C*06:02 positive, n (%)

2,026 (53.7)

2,559 (46.3)

2.6  10e12

167 (4.4)

165 (3.0)

2.9  10e4

HLA-C*06:02 homozygous, n (%)

Abbreviations: BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; IQR, interquartile range.

P ¼ 3.4  10e164). Consequently, HLA-C*06:02epositive
patients were more likely than HLA-C*06:02enegative patients to have onset 40 years (as typically used in the definition of type 1 psoriasis [Mallon et al., 1997]) (93.7 vs.
82.0% in BSTOP, P ¼ 2.5  10e28; 83.7 vs. 53.2% in UK
Biobank, P ¼ 5.0  10e108) and had longer disease duration
(median of 23 vs. 18 years in BSTOP, P ¼ 6.6  10e29;
median of 34 vs. 16 years in UK Biobank, 9.2  10e151).
Notably, age at recruitment was lower in HLAC*06:02epositive patients than in HLA-C*06:02enegative
patients in BSTOP (median of 43 vs. 47 years, respectively; P ¼
6.7  10e19) and unexpectedly also in UK Biobank, where it
may imply a subtle ascertainment effect (median of 57 vs. 58
years, respectively; P ¼ 4.2  10e4). This necessitates careful
treatment of age as a mediating variable in subsequent analyses.
Females
were
overrepresented
among
HLAC*06:02epositive patients (BSTOP: 49.3 and 36.9% of HLAC*06:02epositive and ‒negative patients, respectively; P ¼
2.7  10e14; UK Biobank: 49.9 and 42.2% of HLAC*06:02epositive and ‒negative patients, respectively; P ¼
1.0  10e8). In stratified analysis within HLA-C*06:02
groups, we observed earlier age of onset in females than in
males for the HLA-C*06:02‒positive group (BSTOP: median
of 15 vs. 19 years, P ¼ 2.2  10e18; UK Biobank: median of
16 vs. 22 years, P ¼ 8.3  10e20). No significant association
between sex and age of onset was observed in HLAC*06:02enegative individuals (data not shown).

In the BSTOP dataset, the proportion of patients reporting a
family history of psoriasis was significantly higher in the HLAC*06:02‒positive group than in the ‒negative group (60.2 vs.
42.6%, P ¼ 5.8  10e25). Information on family history was
not available for UK Biobank participants.
HLA-C*06:02epositive patients were more likely to have
ever smoked than HLA-C*06:02enegative patients in BSTOP
(69.9 vs. 60.2%; P ¼ 3.2  10e9), but we did not observe this
in the UK Biobank group (58.7 vs. 58.3%; P ¼ 0.793)
(Table 2). However, further exploration of the UK Biobank
data suggests that HLA-C*06:02epositive individuals with
psoriasis are more likely to be current smokers than their
HLA-C*06:02enegative counterparts (17.4 vs. 14.2%; P ¼
0.001).
Psoriasis clinical subtypes vary by HLA-C*06:02 status

Data on the clinical presentation of psoriasis (past and current) were available in BSTOP, where all participants have a
primary diagnosis of plaque psoriasis (Table 3). Of 11 psoriasis clinical subtypes assessed, we observed a statistically
significant difference in prevalence for three features that
persisted after controlling for potential mediating variables.
Chronic large plaques (>3 cm in diameter) were observed
less frequently in HLA-C*06:02epositive patients than in
HLA-C*06:02enegative patients (75.3 vs. 81.5%; OR ¼ 0.73,
P ¼ 7.4  10e4), as was nail involvement (54.5 vs. 59.9%,
OR ¼ 0.70, P ¼ 2.4  10e6). Guttate psoriasis was more

Table 2. Demographic, Disease Onset, and Environmental Traits by HLA-C*06:02 Status in BSTOP and UK
Biobank
BSTOP
Demographic, Disease Onset,
or Environmental Trait
Age at onset (y), median (IQR)
Age at onset 40 y, n (%)

HLA-C*06:02
Negative
26 (18e37)
1,419 (82.0)

HLA-C*06:02
Positive
17 (11e25)
1,889 (93.7)

UK Biobank
P-Value
1.3 3 10

e89

2.5 3 10

e28

HLA-C*06:02
Negative
39 (23.2e51.7)
1,280 (53.2)

HLA-C*06:02
Positive

P-Value

20 (12e33)

3.4 3 10e164

1,842 (83.7)

Age at recruitment (y), median (IQR)

47 (38e56)

43 (34e52)

6.7 3 10e19

58 (51e64)

57 (50e63)

Disease duration (y), median (IQR)

18 (10e27)

23 (14e33)

6.6 3 10e29

16 (6e30)

34 (20.5e45)

Female sex, n (%)

642 (36.9)

998 (49.3)

2.7 3 10e14
e25

Family history, n (%)

680 (42.6)

1,133 (60.2)

5.8 3 10

Smoking status (ever smoked), n (%)

950 (60.2)

1,302 (69.9)

3.2 3 10e91

1,248 (42.2)
—
1,722 (58.3)

1,277 (49.9)
—
1,495 (58.7)

5.0 3 10e108
4.2 3 10e4
9.2 3 10e151
1.0 3 10e8
—
0.7932

Abbreviations: BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; IQR, interquartile range.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance at Bonferroni-adjusted threshold. Note that differing
ascertainment methods and eligibility criteria preclude direct comparison between BSTOP and UK Biobank studies.
1
P ¼ 7.5  10e10 after controlling for age at recruitment, sex, and eigenvalues.
2
P ¼ 0.224 after controlling for age at recruitment, sex, and eigenvalues.
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Table 3. Frequency Distribution of Psoriasis Clinical Subtypes in BSTOP Stratified by the HLA-C*06:02 Allele
Status
Psoriasis Clinical
Subtype

HLA-C*06:02
HLA-C*06:02
Negative n (%) Positive n (%)

Chronic small plaques
Chronic large plaques
Flexural psoriasis
Scalp involvement
Palms/soles (nonpustular)
Erythroderma
Guttate psoriasis (concurrent)
Pustular psoriasis (concurrent)
Generalized pustular psoriasis (concurrent)
Seborrhoeic dermatitis (concurrent)
Nail involvement (concurrent)

1,041
1,413
652
1,296
354
283
189
137
89
314
1,037

(60.2)
(81.5)
(37.6)
(74.7)
(20.4)
(16.3)
(10.9)
(7.9)
(5.1)
(18.1)
(59.9)

1,311
1,516
723
1,538
376
356
377
155
101
390
1,097

(65.2)
(75.3)
(35.8)
(76.2)
(18.7)
(17.6)
(18.7)
(7.7)
(5)
(19.3)
(54.5)

Crude Model
OR (95%CI)
1.23
0.69
0.92
1.08
0.89
1.09
1.87
0.97
0.97
1.08
0.80

Crude Model
P-Value

(1.08e1.41)
(0.59e0.80)
(0.81e1.06)
(0.93e1.26)
(0.76e1.05)
(0.92e1.30)
(1.55e2.26)
(0.76e1.23)
(0.72e1.30)
(0.92e1.27)
(0.70e0.91)

1.5  10e3
4.7  10e6
0.277
0.268
0.179
0.278
4.7  10e11
0.807
0.865
0.329
9.2  10e4

Fully Adjusted
Model
OR(95% CI)1
1.13
0.73
0.90
1.12
0.74
1.01
1.67
0.85
0.84
1.16
0.70

(0.97e1.31)
(0.61e0.87)
(0.78e1.05)
(0.95e1.32)
(0.62e0.89)
(0.83e1.24)
(1.35e2.06)
(0.65e1.12)
(0.61e1.17)
(0.96e1.39)
(0.60e0.81)

Fully Adjusted
Model
P-Value1
0.097
7.4  10e4
0.192
0.170
1.9  10e3
0.844
1.2  10e6
0.266
0.325
0.114
2.4  10e6

Abbreviations: BMI, body mass index; BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; CI, confidence interval.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance in the fully adjusted model at Bonferroni-adjusted
threshold.
All BSTOP participants had a primary diagnosis of chronic plaque psoriasis. Associations with plaque morphology, distribution, and concurrent psoriasis
subtypes are reported; with the exception of plaque size and flexural psoriasis, all clinical subtypes represent current or past presentation at recruitment.
1
After controlling for duration of disease, duration2, BMI, BMI2, sex, smoking status, and ancestry principal components.

frequent in HLA-C*06:02epositive individuals (18.7 vs.
10.9% of HLA-C*06:02enegative individuals; OR ¼ 1.67,
P ¼ 1.2  10e6).
We observed a (nominally) statistically significant association between HLA-C*06:02 status and (nonpustular)
palm or sole involvement only after controlling for potential
mediating variables, which included disease duration, body
mass index (BMI), sex, and smoking status (OR ¼ 0.74, P ¼
1.9  10e3; not significant at Bonferroni-corrected
threshold of 1.5  10e3). Broadly similar prevalence is
observed between HLA-C*06:02 groups (18.7 and 20.4% in
positive and negative patients, respectively; crude model
P ¼ 0.179). It is therefore unclear whether the direct association between HLA-C*06:02 status and palm/sole

involvement exists but is masked in the crude model by a
mediator variable or is artefactually induced in the fully
adjusted model owing to an as-yet unrecognized causal
link.
HLA-C*06:02enegative status is associated with higher rates
of central adiposity in patients with psoriasis

Tables 4 and 5 summarize the anthropometric measures by
HLA-C*06:02 status. Waist circumference was observed to
be lower in HLA-C*06:02epositive individuals than in HLAC*06:02enegative individuals (BSTOP: median of 100 vs.
102 cm, respectively; P ¼ 8.4  10e4 in fully adjusted model;
UK Biobank: 92 vs. 95 cm, P ¼ 1.5  10e4). Similarly, they
exhibited lower BMI (BSTOP: median 29.7 vs. 30.3 kg/m2,

Table 4. Anthropometric Measures by HLA-C*06:02 Status (BSTOP)
Anthropometric
Measure
2

BMI (kg/m )

Weight (kg)

Waist (cm)

Subgroup
All
participants
Males
Females
All
participants
Males
Females
All
participants
Males
Females

HLA-C*06:02
Negative
Median (IQR)

HLA-C*06:02
Positive
Median (IQR)

Crude
Model
Beta (95% CI)

Crude
Model
P-Value

Fully Adjusted
Model1
Beta (95% CI)

Fully Adjusted
Model1
P-Value

30.3 (26.7e35.3)

29.7 (25.7e34.5) e0.78 (e1.24 to e0.31) 1.0  10e3 e0.73 (e1.22 to e0.24)

3.3  10e3

29.9 (26.8e34.2)
31.3 (26.7e37.3)
90.0 (77.7e106)

29.4 (26e33.3) e0.62 (e1.16 to e0.07)
0.028
e0.40 (e0.97 to 0.18)
30.2 (25.4e35.5) e1.35 (e2.15 to e0.55) 9.6  10e4 e1.22 (e2.06 to e0.38)
87.0 (74e101)
e3.43 (e4.85 to e2.01) 2.3  10e6 e1.57 (e3.02 to e0.11)

0.179
4.5  10e3
0.034

93.9 (82.5e108)
84 (69e99.2)
102 (92e113)

92.7 (81.4e107) e1.19 (e2.98 to 0.60)
0.194
e0.40 (e2.29 to 1.48)
80.2 (67.4e96) e3.00 (e5.17 to e0.83) 6.8  10e3 e3.22 (e5.50 to e0.93)
100 (89e110)
e3.55 (e4.67 to e2.43) 5.9  10e10 e1.98 (e3.15 to e0.82)

0.676
5.8  10e3
8.4  10e4

104 (94e114)
100 (88e112)

102 (92e112)
96 (85e108)

e2.37 (e3.76 to e0.98) 8.5  10e4 e1.31 (e2.75 to 0.14)
e3.59 (e5.42 to e1.77) 1.2  10e4 e2.99 (e4.90 to e1.07)

0.076
2.2  10e3

Abbreviations: BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; CI, confidence interval; IQR, interquartile range.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance in the fully adjusted model at Bonferroni-adjusted
threshold.
1
After controlling for age at recruitment, sex, smoking status, and eigenvalues.
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Table 5. Anthropometric Measures by HLA-C*06:02 Status (UK Biobank)
Anthropometric
Measure
Subgroup
BMI (kg/m2)

Weight (kg)

Waist (cm)

All
participants
Males
Females
All
participants
Males
Females
All
participants
Males
Females

HLA-C*06:02
Negative
Median (IQR)

HLA-C*06:02
Positive
Median (IQR)

Crude Model
Beta (95% CI)

Crude
Model
P-Value

Fully Adjusted
Model1
Beta (95% CI)

Fully Adjusted
Model1
P-Value

27.9 (25.2e31.3)

27.5 (24.7e30.7) e0.48 (e0.75 to e0.21) 5.2  10e4 e0.46 (e0.76 to e0.17)

2.2  10e3

28.1 (25.6e31.1)
27.6 (24.3e31.7)
81.7 (71.1e92.8)

27.9 (25.5e30.8) e0.25 (e0.59 to 0.09)
0.144
e0.42 (e0.79 to e0.04)
26.9 (24e30.6)
e0.68 (e1.11 to e0.24) 2.4  10e3 e0.52 (e0.99 to e0.04)
78.8 (68.2e90.6) e2.59 (e3.49 to e1.69) 2.1  10e8 e1.98 (e2.88 to e1.08)

0.028
0.032
1.7  10e5

86.7 (78.6e97.0)
72.5 (64.4e83.9)
95 (85e104)

85.7 (77.1e96.4) e1.15 (e2.28 to e0.02)
0.046
e2.03 (e3.27 to e0.79)
70.3 (62.8e81.1) e1.90 (e3.11 to e0.69)
0.002
e1.95 (e3.27 to e0.63)
92 (83e102)
e2.30 (e3.05 to e1.56) 1.3  10e9 e1.42 (e2.16 to e0.69)

0.001
0.003
1.5  10e4

99 (91.5e107)
87 (78e97)

98 (91e106)
85 (77e95)

e1.02 (-1.90 to e0.14)
0.022
e1.38 (e2.33 to e0.42)
e1.82 (e2.87 to e0.77) 7.1  10e4 e1.50 (e2.64 to e0.35)

0.005
0.010

Abbreviations: CI, confidence interval; IQR, interquartile range.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance in the fully adjusted model at Bonferroni-adjusted
threshold.
1
After controlling for age at recruitment, sex, smoking status, and eigenvalues.

P ¼ 3.3  10e3; UK Biobank: 27.5 vs. 27.9 kg/m2, P ¼ 2.2 
10e3) and lower weight (BSTOP: median 87.0 vs. 90.0 kg,
P ¼ 0.034; UK Biobank: 78.8 vs. 81.7 kg, P ¼ 1.7  10e5),
albeit only weight in UK Biobank meets the stringent
Bonferroni-corrected P-value threshold.
Sex-specific effects were observed in the BSTOP dataset,
where the fully adjusted effect size of HLA-C*06:02 in females had a larger magnitude than the effect size in males for
each of BMI, weight, and waist circumference; indeed, the
effect sizes were not significantly different from zero in males
(Table 4). This observation is only partially supported in the
UK Biobank dataset, where effect sizes are broadly similar for
the two sexes, albeit of slightly larger magnitude in females
for BMI and waist size (Table 5).
Distinct comorbidity profiles are observed in HLAC*06:02estratified psoriasis groups

We assessed 13 common psoriasis comorbidities or comorbidity groups collected in BSTOP patients (Table 6) and the
same list in UK Biobank participants with psoriasis (Table 7).
The five cardiometabolic comorbidities studied (ischaemic
heart disease; hypertension; dyslipidaemia; type 2 diabetes;
and a cardiovascular disease umbrella, including ischaemic,
cerebrovascular, and peripheral vascular disease) all exhibited lower prevalence in HLA-C*06:02epositive patients with
psoriasis than in HLA-C*06:02enegative patients in both
datasets (crude model ORs of 0.60e0.72 in BSTOP, Table 6;
crude model ORs of 0.70e0.87 in UK Biobank, Table 7). In
the fully adjusted models, hypertension remained statistically
significant after accounting for multiple testing in BSTOP
(OR ¼ 0.73, P ¼ 9.3  10e4) and remained nominally significant in UK Biobank (OR ¼ 0.82, P ¼ 4.5  10e3).
PsA was
observed
less
frequently
in
HLAC*06:02epositive patients (24.7%) than in HLAC*06:02enegative patients (32.5%) among BSTOP patients,
remaining significant in the fully adjusted model (OR ¼ 0.68,
P ¼ 2.9  10e6). However, much lower prevalence was
observed in UK Biobank (11.3 and 11.9% in HLAC*06:02epositive and ‒negative individuals, respectively),

with no significant difference between HLA-C*06:02 groups
(OR ¼ 0.97, P ¼ 0.823).
Thyroid disease was less frequent among HLAC*06:02epositive
patients
than
among
HLAC*06:02enegative patients in BSTOP, with nominal statistical
significance after accounting for potential mediators (3.2 vs.
4.5%, respectively; OR ¼ 0.63, P ¼ 0.018). This was also
observed in UK Biobank (5.5% vs. 7.4%; OR ¼ 0.67, P ¼
2.9  10e3).
None of the remaining comorbidities exhibited statistically
significant differences (in the fully adjusted models) between
HLA-C*06:02 groups in either dataset.
DISCUSSION
We report the largest investigation to date into HLAC*06:02‒defined psoriasis endotypes with a systematic
comparison of common comorbidities between HLAC*06:02 groups in two UK datasets. We confirm the established association of HLA-C*06:02 with positive family history, early age of onset, guttate psoriasis, and a reduced
frequency of nail disease. We extend these findings to define
an HLA-C*06:02enegative endotype characterized by a later
age of onset, large plaque disease, and involvement of palms
and soles, with prominent obesity and other cardiometabolic
comorbidities, notably hypertension. We also reveal striking
sex differences between HLA-C*06:02‒stratified subgroups,
in relation to disease expressivity, age of disease onset, and
measures of adiposity, hinting at a differential contribution of
genetic factors between the sexes in psoriasis.
Previous studies have reported associations between HLAC*06:02 and certain environmental factors that influence
psoriasis, such as streptococcal infection, pregnancy, and
trauma (Gudjonsson et al., 2006). In this study, we find that
HLA-C*06:02 may interact with adiposity (see Tables 4 and
5). In both datasets, weight, waist circumference, and BMI
were higher in HLA-C*06:02enegative patients than HLAC*06:02epositive patients, with the strongest association
being observed for waist circumference and differences being
more marked in females. This finding is consistent with the
www.jidonline.org
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Table 6. Distribution of Comorbidities in BSTOP by HLA-C*06:02 Allele Status

Comorbidity

HLA-C*06:02
Negative n (%)

Cardiometabolic diseases
Cardiovascular disease
99
Ischemic heart disease
76
Hypertension
526
Dyslipidemia
215
Type 2 diabetes
170
Diseases of musculoskeletal system and
Osteoarthritis
60
Psoriatic arthritis
565
Mental and behavioral disorders
Anxiety
102
Depression
367
Respiratory disorders
Asthma
192
Diseases of the digestive system
Nonalcoholic liver disease
94
Peptic ulcer
29
Endocrine diseases
Thyroid disease
79

HLA-C*06:02
Positive n (%)

(5.7)
85
(4.4)
61
(30.2)
421
(12.3)
176
(9.8)
131
connective tissue
(3.4)
60
(32.5)
500

Crude Model
OR (95%CI)

Crude Model
P-Value

Fully Adjusted
Model OR (95%CI)1

Fully Adjusted
Model
P-Value1

(4.2)
(3.0)
(20.8)
(8.7)
(6.5)

0.72
0.68
0.60
0.67
0.63

(0.53e0.97)
(0.48e0.95)
(0.52e0.70)
(0.54e0.83)
(0.50e0.81)

0.034
0.027
3.5  10e11
2.5  10e4
2.1  10e4

0.91
0.89
0.73
0.83
0.82

(0.64e1.28)
(0.60e1.31)
(0.61e0.88)
(0.65e1.05)
(0.62e1.07)

0.611
0.570
9.3  10e4
0.136
0.157

(3.0)
(24.7)

0.85 (0.59e1.23)
0.68 (0.59e0.78)

0.398
1.3  10e7

1.13 (0.76e1.67)
0.68 (0.58e0.80)

0.537
2.9  10e6

(5.9)
(21.1)

143 (7.1)
489 (24.1)

1.22 (0.93e1.58)
1.19 (1.02e1.38)

0.137
0.025

1.08 (0.81e1.43)
1.08 (0.91e1.28)

0.570
0.362

(11.0)

228 (11.3)

1.02 (0.83e1.25)

0.826

0.94 (0.76e1.18)

0.648

(5.4)
(1.7)

90 (4.4)
52 (2.6)

0.81 (0.60e1.09)
1.55 (0.98e2.46)

0.174
0.059

0.99 (0.71e1.37)
2.04 (1.20e3.47)

0.960
7.8  10e3

(4.5)

65 (3.2)

0.69 (0.49e0.97)

0.034

0.63 (0.43e0.92)

0.018

Abbreviation: BMI, body mass index; BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; CI: confidence interval.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance in the fully adjusted model at Bonferroni-adjusted
threshold.
1
After controlling for age at recruitment, age2, BMI, BMI2, sex, smoking status, and ancestry principal components.

observation that obesity is more prevalent in later-onset than
in early-onset psoriasis (Herédi et al., 2013). It is not clear
how these findings in two adult psoriasis populations accord
with the excess adiposity frequently observed in paediatric
psoriasis, where most cases might be expected to be HLAC*06:02 positive (Phan et al., 2020). The relative influence of
adiposity and disease severity on cardiovascular comorbidity
development in HLA-C*06:02estratified subgroups in psoriasis is an important avenue of investigation in future work.
We also note that both adiposity (Budu-Aggrey et al., 2019;
Ferguson et al., 2019) and HLA-C*06:02 are known to play a
causal role in psoriasis, and the association that we observe
may also be consistent with selection bias introduced by two
independent paths to the disease (Lee et al., 2019). Further
investigation is needed to establish whether there is a true
biological difference in the influence of adiposity on psoriasis
in HLA-C*06:02epositive and ‒negative individuals and how
female-specific factors may contribute to this.
Consistent with these anthropometric differences, we
observed a higher prevalence of cardiometabolic comorbidities in HLA-C*06:02enegative than HLA-C*06:02epositive
patients in both datasets (Tables 6 and 7). Although only
hypertension remained statistically significant, a consistent
trend in effect direction was observed even after taking into
account differences in age, BMI, and smoking status between
HLA-C*06:02 groups. Nevertheless, the specific influence of
adiposity on this association warrants further study. Whether
the presence or absence of HLA-C*06:02 is associated with
antihypertensive medication usage that may act as environmental triggers for psoriasis is unclear (Wu et al., 2014), and
this may partially account for the independent association
1622
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between HLA-C*06:02 and hypertension in both datasets.
Despite the influence of adiposity in the pathogenesis of
nonalcoholic fatty liver disease (Maybury et al., 2019), no
statistically significant association was found with HLAC*06:02 status in either cohort, albeit the relatively low
prevalence of this comorbidity in both datasets may have
limited the power to detect such an effect.
PsA was observed to be more frequent in HLAC*06:02enegative patients than in HLA-C*06:02epositive
patients in BSTOP, congruent with previous observations
(Bowes et al., 2017; Eder et al., 2012a). However, the association was not seen in UK Biobank. This may result from
various factors that differ between the datasets, including
different methods of recording PsA cases and differences in
unmeasured factors such as disease severity. In addition, the
confounding contribution of participant age and age of psoriasis onset to the association between HLA-C*06:02 and PsA
remains unclear (Bowes et al., 2017); in this study, we note
again the significant differences in age of onset and age of
recruitment between HLA-C*06:02 groups found in both
datasets.
Sex-specific differences in the genetic factors influencing
psoriasis predisposition and age of onset have previously
been described (Burden et al., 1998; Kim et al., 2000;
Suomela et al., 2007). Previous studies comparing the sex
distribution in HLA-C*06:02estratified subgroups have
shown conflicting results (Fan et al., 2007; Gulliver et al.,
2011; Indhumathi et al., 2016; Kim et al., 2000; Mallon
et al., 1997; Suomela et al., 2007). We found in each of
the two large datasets studied convincing evidence that HLAC*06:02epositive patients were significantly more likely to
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Table 7. Distribution of Comorbidities in UK Biobank by HLA-C*06:02 Allele Status

Comorbidity

HLA-C*06:02
Negative n (%)

HLA-C*06:02
Positive n (%)

Cardiometabolic diseases
Cardiovascular disease
492 (16.6)
340 (13.3)
Ischemic heart disease
401 (13.5)
276 (10.8)
Hypertension
1246 (42.1)
886 (34.6)
Dyslipidemia
508 (17.2)
392 (15.3)
Type 2 diabetes
271 (9.2)
169 (6.6)
Diseases of musculoskeletal system and connective tissue
Osteoarthritis
556 (18.8)
437 (17.1)
Psoriatic arthritis
355 (11.9)
288 (11.3)
Mental and behavioral diseases
Anxiety
116 (3.9)
110 (4.3)
Depression
353 (11.9)
275 (10.7)
Respiratory diseases
Asthma
422 (14.3)
346 (13.5)
Diseases of the digestive system
Nonalcoholic liver disease
46 (1.6)
33 (1.3)
Peptic ulcer
10 (0.3)
7 (0.2)
Endocrine diseases
Thyroid disease
220 (7.4)
141 (5.5)

Crude Model
OR (95% CI)
0.76
0.77
0.72
0.87
0.70

(0.66e0.89)
(0.65e0.90)
(0.65e0.81)
(0.75e1.00)
(0.57e0.85)

Crude Model
P-Value
5.6  10e4
1.8  10e3
1.3  10e8
0.064
5.1  10e4

Fully Adjusted
Model OR (95% CI)1
0.91
0.91
0.82
1.03
0.87

(0.75e1.09)
(0.75e1.12)
(0.72e0.94)
(0.87e1.23)
(0.67e1.12)

Fully Adjusted
Model
P-Value1
0.325
0.398
4.5  10e3
0.662
0.284

0.89 (0.77e1.02)
0.93 (0.78e1.09)

0.099
0.393

0.95 (0.81e1.12)
0.97 (0.81e1.18)

0.588
0.823

1.10 (0.84e1.43)
0.88 (0.75e1.05)

0.478
0.169

1.17 (0.86e1.59)
0.81 (0.67e0.98)

0.314
0.038

0.94 (0.80e1.09)

0.430

0.91 (0.76e1.09)

0.325

0.82 (0.52e1.29)
0.80 (0.30e2.12)

0.410
0.667

0.98 (0.56e1.70)
0.60 (0.17e2.10)

0.946
0.430

0.72 (0.58e0.90)

4.0  10e3

0.67 (0.52e0.87)

2.9  10e3

Abbreviations: BMI, body mass index; CI, confidence interval.
Findings where P < 0.05 are indicated in bold. Maroon highlighting indicates statistical significance in the fully adjusted model at Bonferroni-adjusted
threshold.
1
After controlling for age at recruitment, age2, BMI, BMI2, sex, smoking status, and ancestry principal components.

be female than HLA-C*06:02enegative patients. In this study,
we also note the relevance of potential ascertainment effects
related to sex-specific differences in age of psoriasis onset;
we confirm previous reports of females having earlier onset
than males among HLA-C*06:02epositive patients
(Gudjónsson et al., 2002; Henseler and Christophers, 1985;
Indhumathi et al., 2016). Together, these results suggest sexspecific differences influencing the development of psoriasis,
with HLA-C*06:02 more frequently playing an important role
in female psoriasis. We extend these findings to reveal that
females have more substantial differences than males in
adiposity measures between HLA-C*06:02 subgroups (not
previously reported). Further investigation is needed to understand the influence of HLA-C*06:02 on established differences in innate and adaptive immunity between the sexes,
such as the propensity for the heightened T-cell activation
observed in females (Klein and Flanagan, 2016). Moreover,
epigenetic and hormonal mechanisms and differences in
environmental factors (e.g., diet, smoking, obesity) have been
proposed to underlie the observed sex differences in psoriasis
presentation, but more evidence is needed to conclusively
implicate specific biological mechanisms and characterize
their relationship to HLA-C*06:02 (Kojanova et al., 2021;
Llamas-Velasco et al., 2021; Roman et al., 2016).
The strengths of this study include its large sample size and
inclusion of datasets with diverse ascertainment methods. It
benefits from detailed and inclusive capture of participant
characteristics, as set out in the design of these two large
cross-sectional studies, and detailed clinical data from
BSTOP. Assessment of the direct relationship between HLAC*06:02 and study outcomes, unbiased by the observed

differences between HLA-C*06:02 groups, is facilitated by
careful use of appropriate modeling. However, findings
should be interpreted in the context of the limitations of this
investigation. First, the two datasets used different methods of
recording clinical characteristics, which may have contributed to the differences in the prevalence of several comorbidities. Secondly, genetic analysis was restricted to
individuals of European ancestry to maximize statistical power, potentially limiting the translational value of these
findings to other ethnic groups. Future work should aim to
establish whether the observed associations are shared in
multiple populations. There are likely to be differences in
psoriasis severity between the datasets, which cannot be
objectively measured but may account in part for some
observed interdataset differences, including in HLA-C*06:02
frequency (which may also be influenced by age-related
eligibility differences and ascertainment effects). Robust
characterization of differences between mild and severe
psoriasis remains an important avenue for future study, as
does the role of HLA-C*06:02 in disease severity, on which
mixed findings have been reported (Gudjonsson et al., 2006;
Nikamo et al., 2015). We note that participant self-report of
psoriasis in UK Biobank may have resulted in a modest degree of disease misclassification, a limitation mitigated by the
concordance of findings with the dermatologist-derived,
independently ascertained BSTOP dataset. This is despite
the substantially different age profiles between the two
datasets, which would be expected to give rise to interdataset
differences in the strength of HLA-C*06:02 associations with
psoriasis outcomes. Characteristics such as age of psoriasis
onset may be prone to recall bias owing to the chronic nature
www.jidonline.org
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of the disease and the reliance on patient reporting methods;
these are unlikely to differ by HLA-C*06:02 status but may
differ between datasets. Furthermore, comorbidities were
often grouped together for analytical power, but this may not
necessarily reflect biologically distinct groupings and therefore may inadvertently influence findings. Owing to the wide
variation in the outcomes investigated, it could be the case
that the multivariable models are unable to fully account for
the influence of all potential mediating variables in every
case. Finally, the cross-sectional nature of the study limits our
ability to draw causal inferences, and associations need
ideally to be confirmed in future in appropriately powered
life-course studies.
This study reveals, to our knowledge, previously unreported differences between HLA-C*06:02estratified subgroups, thereby extending the clinical phenotype delineated
by the primary genetic susceptibility allele in psoriasis.
Despite the modest effect sizes observed between HLAC*06:02estratified subgroups for associations with psoriasis
clinical subtypes and comorbidity outcomes, these differences hint at the presence of distinct psoriasis endotypes that
may benefit from targeted proactive management approaches
such as enhanced screening and early intervention programmes. Future work should focus on refining the identification of these endotypes by exploring the additive effects
and combinatorial interaction of HLA-C*06:02 with other
genetic markers, including other HLA alleles. Similar approaches have shown interactions between HLA-C*06:02
and other psoriasis susceptibility loci in their association with
disease severity (Nikamo et al., 2015). Our findings also
reveal sex-specific differences in the genetic factors contributing to disease expressivity, age of onset and the influence of
comorbid adiposity, and clinical biomarkers.
Overall, this study illustrates the contribution that genetic
factors can make in defining psoriasis endotypes and
strengthens the case for HLA-C*06:02 being an important
biomarker to be considered in future multimarker stratified
medicine approaches.
MATERIALS AND METHODS
Study design overview
This investigation was conducted using cross-sectional datasets
derived from two ongoing cohort studies: BSTOP and UK Biobank.
In each study, various outcomes in people with plaque psoriasis
were assessed, in turn, for association with the exposure variable,
HLA-C*06:02 status. Subsequent methods description follows
STrengthening the REporting of Genetic Association Studies; UK
guidelines (Little et al., 2009).

Setting
BSTOP is an ongoing prospective observational study of patients
with moderate‒severe plaque psoriasis across >70 UK dermatology
centres, which includes biological sample collection (http://bit.do/
BSTOP). One aim of BSTOP is to establish a comprehensive and
deeply phenotyped bioresource to facilitate translational research to
improve psoriasis outcomes. BSTOP is aligned to the British Association of Dermatologists Biologics and Immunomodulators Register
(www.badbir.org). Detailed longitudinal data are obtained through
the British Association of Dermatologists Biologics and Immunomodulators Register at registration and at regular follow-up
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assessments during routine clinical care. This includes demographics, treatment details, psoriasis features and outcomes, and
comorbidities. All participants have a primary diagnosis of plaque
psoriasis. Participants were recruited between October 2011 and the
data extract date of April 1, 2018; were adults (aged >16 years) at
the time of recruitment; and provided written informed consent
(BSTOP received approval from the London e Westminster Research
Ethics Committee [previously called South East London REC 2 when
originally approved in 2011], reference 11/H0802/7). Full inclusion
criteria were described previously (Wilkinson et al., 2019), including
having started conventional systemic or biologic therapy within the
previous 6 months.
UK Biobank is a population-based prospective study of 502,682
volunteer participants with biological sample collection and longitudinal follow-up (Sudlow et al., 2015). It includes genotypic data, a
wide range of detailed phenotypic data, and linkage to electronic
health records. Participants aged 40e69 years were recruited in
2006e2010 and provided electronically written informed consent
(REC reference 11/NW/0382, https://biobank.ctsu.ox.ac.uk/crystal/
crystal/docs/Consent.pdf). UK Biobank has approval from the
North West Multi-Centre Research Ethics Committee. Data were
downloaded on December 6, 2016 (UK Biobank project number
15147).

Participants
All BSTOP participants with genotype data available were included.
Prioritization of participants for genetic profiling may depend on
availability of clinical data and self-reported ethnicity but not on
specific clinical features.
UK Biobank analysis included 5,519 participants with psoriasis
who were determined to be of White British genetic ancestry by the
UK Biobank core team (Bycroft et al., 2018). Psoriasis was indicated
by participant self-report at baseline assessment (through
touchscreen questionnaire and structured interview) and/or a primary or secondary diagnosis in linked in-patient hospital episode
statistics (International Classification of Diseases, Revision 10 codes
L400, L404, L408, and L409, chosen to best reflect a diagnosis of
plaque psoriasis).
Using principal component analysis, we confirmed that the participants included in the BSTOP and UK Biobank analyses represent
similar genetic ancestry (Supplementary Figure S1).

Variables
The primary exposure (or explanatory variable) was a binary variable
indicating that the subject carried one or two copies of the HLAC*06:02 allele.
Outcomes studied in both BSTOP and UK Biobank analyses
included key demographics (sex, age at recruitment), disease onset
(age of psoriasis onset, disease duration) and environmental traits
(smoking status [a binary variable grouping together current and
previous smoking]), anthropometric variables (BMI, weight, and
waist circumference), and comorbidities (those with prevalence
2% among BSTOP participants: presence of anxiety, asthma, cardiovascular [ischaemic, cerebrovascular or peripheral vascular]
disease, depression, dyslipidaemia, hypertension, ischaemic heart
disease, nonalcoholic liver disease, osteoarthritis, peptic ulcer, PsA,
thyroid disease, and type 2 diabetes). Outcomes only studied in
BSTOP (data not collected in UK Biobank) were family history of
psoriasis and psoriasis clinical subtypes (chronic small plaques [3
cm in diameter]; chronic large plaques [>3 cm in diameter] [Lew
et al., 2004]; erythroderma; flexural psoriasis; pustular psoriasis
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[generalized or localized pustular psoriasis, acrodermatitis continua
of Hallopeau or palmoplantar psoriasis]; generalized pustular psoriasis; guttate psoriasis; seborrhoeic dermatitis; and involvement of
nails, palms/soles [nonpustular], and scalp; with the exception of
plaque-size and flexural psoriasis, all clinical subtypes represent
current or past presentation at recruitment).

Data sources/measurement
All nongenetic variables in the BSTOP analysis were ascertained
through the BSTOP or British Association of Dermatologists Biologics and Immunomodulators Register baseline questionnaires
administered at entry into the respective studies by trained research
staff (after physical examination by a dermatologist). Age of psoriasis
onset was derived from the year of onset ascertained by health records and/or patient recall. Psoriasis clinical subtypes were collected
through tick-box selection and could include a current or past presentation. Comorbidities were collected by tick-box selection to
include illnesses for which the patient had ever required treatment.
Unlisted illnesses could be recorded as free text, and reasonable
efforts were made to collate these. Questionnaires have evolved over
the lifetime of the study, with different iterations listing comorbidities
to changing levels of detail. Supplementary Table S1 lists the questionnaire options that define each analysis variable. Note that early
iterations of the questionnaire included diabetes and liver disease
tick boxes rather than more specific illnesses. For analysis purposes,
these were mapped to type 2 diabetes and nonalcoholic liver disease, respectively, justified by the fact that 85% of diabetes and 69%
of liver disease observations corresponded to these subtypes where
more specific tick-box options were available. Analyses that exclude
these approximate mappings do not change any of the conclusions
reported in this study (data not shown). PsA was reported either as
comorbidity or by a specific question about rheumatologistdiagnosed PsA (in early iterations, inflammatory arthritis); the vast
majority of cases represent a rheumatologist diagnosis as previously
reported (Dand et al., 2019).
All nongenetic variables in the UK Biobank analysis were ascertained at UK Biobank assessment centre visits (Sudlow et al., 2015);
UK Biobank data field identifications are listed in Supplementary
Table S2. Note that age of psoriasis onset was available for participants self-reporting the disease but not for cases ascertained by
hospital episode statistics. Comorbidities, chosen to match those
analyzed in the BSTOP study, were identified by participant selfreport or linked hospital episode statistics diagnosis. Full lists of
self-reported illnesses and International Classification of Diseases,
Revision 10 terms that comprise each comorbidity variable are listed
in Supplementary Table S3. All variables were recorded at the time
of recruitment except for hospital episode statistics diagnoses; these
may have occurred later owing to periodic updates in UK Biobank’s
data linkage.
Genome-wide genotyping array data were generated for BSTOP
participants at the Institute of Psychiatry, Psychology and Neuroscience Genomics and Biomarker Facility at King’s College London
(United Kingdom) using Illumina HumanOmniExpressExome-8,
version 1.2 and version 1.3, BeadChips (Illumina, San Diego,
CA) as previously described (Dand et al., 2019) (n ¼ 3,744) and in
an additional genotyping batch using version 1.6 (n ¼ 1,056).
Basic quality control and batch merging were performed using the
process described in detail elsewhere (Dand et al., 2019).
Genome-wide genotyping array data were generated for UK Biobank participants by Affymetrix using the Applied Biosystems UK

BiLEVE Axiom Array or the Applied Biosystems UK Biobank Axiom
Array (Applied Biosystems, Waltham, MA), as described elsewhere
(Bycroft et al., 2018). Additional quality control steps were applied
independently in both cohorts (psoriasis cases only in UK Biobank)
using PLINK (Purcell et al., 2007): cases were excluded on the
basis of discordant sex information, genotyping rate <99%, relatedness (identity by descent >0.1875), excess heterozygosity rate
(mean  3 SD), or non-European ancestry. Variants (for use in the
calculation of ancestry principal components) were excluded on
the basis of missing genotyping rate >1%, minor allele frequency
<1%, or departure from Hardy‒Weinberg equilibrium (P < 1 
10e5).

Bias
Because the exposure (HLA-C*06:02 status) is fixed at conception,
true confounders (variables that cause both exposure and outcome)
are not possible. However, mediator variables can skew the outcomes observed in HLA-C*06:02 groups through indirect effects.
Potential mediators were established a priori by a subgroup of study
investigators comprising expert clinicians and analysts. These
included age at recruitment, disease duration, BMI, sex, smoking
status, and cryptic population structure. Mediators were controlled
for during statistical analysis to allow estimation of the direct effect
between HLA-C*06:02 and each outcome. For quantitative outcome
variables, no investigation was made into potential bias due to
pharmacotherapy.

Study size
For each study, all participants remaining after genetic quality control were included (BSTOP: 3,767 participants; UK Biobank: 5,519
participants).

Quantitative variables
Quantitative variables (age of onset and recruitment, disease duration, BMI, weight, and waist circumference) were not grouped or
transformed for analysis, except for the inclusion of quadratic terms
for age/duration and BMI when included as model covariates (see
Statistical methods in the following section).

Statistical methods
In the BSTOP analysis, HLA alleles were imputed using SNP2HLA
(version 1.0.3) on the basis of the Type 1 Diabetes Genetics Consortium reference panel (Jia et al., 2013), as previously described in
detail (Dand et al., 2019). For UK Biobank participants, HLA alleles
were imputed centrally by the UK Biobank core team using the
HLA*IMP:02 algorithm with a multipopulation reference panel
(Dilthey et al., 2013). For both datasets, HLA-C*06:02 status was
inferred as negative (zero copies) or positive (one or two copies)
where the imputed allele dosage was exactly 0, 1, or 2; participants
with imprecise imputed allele count were excluded. HLA-C*06:02
genotype showed a high concordance rate (99.8%) between the
imputation methods used in the respective studies (Supplementary
Table S4).
Ancestry principal components were generated for each dataset
using the EIGENSTRAT method (Price et al., 2006) implemented in
EIGENSOFT (version 6.1.3). This approach determined that two and
five principal components were sufficient to control for cryptic
population structure in the BSTOP and UK Biobank analyses,
respectively.
All statistical association testing was performed using R (version
3.0.3) (R Foundation for Statistical Computing, Vienna, Austria).
Pearson chi-square test with Yates continuity correction and
www.jidonline.org
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Wilcoxon rank-sum test with continuity correction were used, as
appropriate, to compare the distribution of key variables between
the two datasets and to compare demographics, disease onset, and
environmental traits between exposure groups. Linear and logistic
regression were used to assess the association with exposure for
continuous and binary outcomes, respectively. For each outcome,
we report the estimated effect of the binary exposure variable as beta
(continuous outcomes) or OR (binary outcomes) with 95% confidence interval, first, from a crude (univariable) model and, second,
from a fully adjusted (multivariable) model that includes potential
mediating variables as covariates. Covariates included for anthropometric outcomes were age at recruitment, sex, smoking status,
and ancestry principal components. For psoriasis clinical subtypes
and comorbidities, BMI was also included owing to its impact on
general health. For psoriasis clinical subtypes, disease duration was
included instead of age at recruitment because these measures are
correlated and because duration better reflects the period over
which clinical features could have arisen. For age/duration and
BMI covariates, quadratic terms were also included to account for
possible nonlinear relationships between these variables and
health outcomes. Owing to differences in physiology, anthropometric traits (BMI, weight, waist circumference) were assessed in
the whole population and separately in males and females. All
analyses were performed using complete cases only. P-values are
presented unadjusted for multiple testing; in total, 33 distinct
outcomes are considered, suggesting that P-values should be
interpreted relative to a Bonferroni-adjusted significance threshold
of 0.05/33 ¼ 1.5  10e3.
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SUPPLEMENTARY MATERIALS

Supplementary Figure S1. PCA plot
combining BSTOP and UK Biobank
datasets. PCA performed in PLINK
(version 1.9) on the basis of 43,659
common, LD-independent variants
outside of known psoriasis loci that
were directly genotyped in both
datasets. BSTOP, Biomarkers of
Systemic Treatment Outcomes in
Psoriasis; LD, linkage disequilibrium;
PC, principal component; PCA,
principal component analysis.
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Supplementary Table S1. Mapping of Specific Comorbidity Questionnaire Options to Analyzed Comorbidity
Outcome Variables, BSTOP Study
Comorbidity
Anxiety
Asthma

Cardiovascular disease

Depression
Dyslipidaemia
Hypertension

Ischaemic heart disease

Nonalcoholic liver disease

Osteoarthritis

Peptic ulcer
Psoriatic arthritis

Type 2 diabetes
Thyroid disease

Questionnaire Options Included
Anxiety
Asthma
Asthma asymptomatic
Asthma childhood
Angina
Heart attack (myocardial infarction)
Heart attack (myocardial infarction) cardiomyopathy-ischemic
Heart attack (myocardial infarction) ischaemic heart disease
Heart attack (myocardial infarction) transient ischaemic attack
Myocardial infarction
Myocardial infarction transient ischemic attack
Heart failure
Peripheral vascular disease
Stroke
Surgery (triple heart bypass)
Depression
Depression depressive disorder
Dyslipidaemia
Hypertension
Hypertension gestational
Hypertension secondary to ciclosporin
Hypertension suspected white coat hypertension
Hypertension unstable
Hypertension white coat hypertension
Angina
Heart attack (myocardial infarction)
Heart attack (myocardial infarction) cardiomyopathy-ischemic
Heart attack (myocardial infarction) ischaemic heart disease
Myocardial infarction
Surgery (triple heart bypass)
Liver disease echogenic liver
Liver disease fatty liver
Liver disease (NAFLD)
Liver disease nash
Liver disease cirrhosis
Liver disease (unspecified)
Arthritis cervical spondylosis
Arthritis degenerative
Arthritis lumbar spondylosis
Arthritis osteoarthritis
Arthritis spondylosis
Peptic ulcer
Arthritis spondyloarthritis
Inflammatory arthritis
Inflammatory arthritis ankylosing spondylitis
Inflammatory arthritis axial spondyloarthritis
Inflammatory arthritis psoriatic
Inflammatory arthritis spondyloarthritis
Diabetes type 2
Diabetes (unspecified)
Thyroid disease
Thyroid disease graves disease
Thyroid disease hyperthyroidism
Thyroid disease hypothyroidism

Abbreviation: BSTOP, Biomarkers of Systemic Treatment Outcomes in Psoriasis; NAFLD, nonalcoholic fatty liver disease.
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Supplementary Table S2. UK Biobank Data Field IDs for the Analyzed Variables, Excluding Comorbidities
Variable
Age when attended assessment center
BMI
Date of attending the recruitment center
Ethnic background
Interpolated age of participant when noncancer illness was first diagnosed
Sex
Smoking
Waist circumference
Weight
Y of birth

Field ID
21003
21001
53
21000
20009
31
20116
48
21002
34

Abbreviations: BMI, body mass index; ID, identification.
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Supplementary Table S3. UK Biobank HES Diagnosis and Self-Reported Illness Codes Comprising Each Analyzed
Comorbidity Variable
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable
Anxiety

Asthma

Cardiovascular
disease

Diagnosis

ICD-10
Code

Phobic anxiety disorders
Agoraphobia
Social phobias
Specific (isolated) phobias
Other phobic anxiety disorders
Phobic anxiety disorder, unspecified
Other anxiety disorders
Panic disorder (episodic paroxysmal anxiety)
Generalised anxiety disorder
Mixed anxiety and depressive disorder
Other mixed anxiety disorders
Other specified anxiety disorders
Anxiety disorder, unspecified
Asthma
Predominantly allergic asthma
Nonallergic asthma
Mixed asthma
Asthma, unspecified
Status asthmaticus
Angina pectoris

F40
F400
F401
F402
F408
F409
F41
F410
F411
F412
F413
F418
F419
J45
J450
J451
J458
J459
J46
I20

Unstable angina
Angina pectoris with documented spasm
Other forms of angina pectoris

I200
I201
I208

Angina pectoris, unspecified
Acute myocardial infarction
Acute transmural myocardial infarction of anterior wall
Acute transmural myocardial infarction of inferior wall
Acute transmural myocardial infarction of other sites
Acute transmural myocardial infarction of unspecified site
Acute subendocardial myocardial infarction
Acute myocardial infarction, unspecified
Subsequent myocardial infarction
Subsequent myocardial infarction of anterior wall
Subsequent myocardial infarction of inferior wall
Subsequent myocardial infarction of other sites
Subsequent myocardial infarction of unspecified site
Other acute ischaemic heart diseases
Coronary thrombosis not resulting in myocardial infarction
Dressler’s syndrome
Other forms of acute ischaemic heart disease
Acute ischaemic heart disease, unspecified
Chronic ischaemic heart disease
Atherosclerotic cardiovascular disease, so described
Atherosclerotic heart disease
Old myocardial infarction
Aneurysm of heart
Coronary artery aneurysm
Ischaemic cardiomyopathy
Silent myocardial ischaemia
Other forms of chronic ischaemic heart disease

I209
I21
I210
I211
I212
I213
I214
I219
I22
I220
I221
I228
I229
I24
I240
I241
I248
I249
I25
I250
I251
I252
I253
I254
I255
I256
I258

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Illness

UK
Biobank
Noncancer
Illness
Code

Anxiety/panic attacks

1287

Asthma

1111

Heart/cardiac problem

1066

Peripheral vascular disease
Angina
Heart attack/myocardial
infarction
Stroke
Transient ischaemic attack (tia)
Ischaemic stroke

1067
1074
1075
1081
1082
1583
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Supplementary Table S3. Continued
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable

Diagnosis
Chronic ischaemic heart disease, unspecified
Cerebral infarction due to thrombosis of precerebral arteries
Cerebral infarction due to embolism of precerebral arteries
Cerebral infarction due to unspecified occlusion or stenosis of precerebral
arteries
Cerebral infarction due to thrombosis of cerebral arteries
Cerebral infarction due to embolism of cerebral arteries
Cerebral infarction due to unspecified occlusion or stenosis of cerebral
arteries
Cerebral infarction due to cerebral venous thrombosis, nonpyogenic
Other cerebral infarction
Cerebral infarction, unspecified
Stroke, not specified as haemorrhage or infarction
Occlusion and stenosis of precerebral arteries, not resulting in cerebral
infarctionOcclusion and stenosis of vertebral artery
Occlusion and stenosis of basilar artery
Occlusion and stenosis of carotid artery
Occlusion and stenosis of multiple and bilateral precerebral arteries
Occlusion and stenosis of other precerebral arteries
Occlusion and stenosis of unspecified precerebral artery
Occlusion and stenosis of cerebral arteries, not resulting in cerebral
infarction
Occlusion and stenosis of middle cerebral artery
Occlusion and stenosis of anterior cerebral artery
Occlusion and stenosis of posterior cerebral artery
Occlusion and stenosis of cerebellar arteries
Occlusion and stenosis of multiple and bilateral cerebral arteries
Occlusion and stenosis of other cerebral arteries
Occlusion and stenosis of unspecified cerebral artery
Sequelae of stroke, not specified as haemorrhage or infarction
Atherosclerosis
Atherosclerosis of the aorta
Atherosclerosis of the aorta (without gangrene)
Atherosclerosis of aorta (with gangrene)
Atherosclerosis of renal artery
Atherosclerosis of renal artery (without gangrene)
Atherosclerosis of arteries of the extremities
Atherosclerosis of arteries of extremities (without gangrene)
Atherosclerosis of arteries of extremities (with gangrene)
Atherosclerosis of other arteries
Atherosclerosis of other arteries (without gangrene)
Generalized and unspecified atherosclerosis
Generalized and unspecified atherosclerosis (without gangrene)
Arterial embolism and thrombosis
Embolism and thrombosis of the abdominal aorta
Embolism and thrombosis of other and unspecified parts of the aorta
Embolism and thrombosis of arteries of the upper extremities
Embolism and thrombosis of arteries of the lower extremities
Embolism and thrombosis of arteries of extremities, unspecified
Embolism and thrombosis of iliac artery
Embolism and thrombosis of other arteries
Embolism and thrombosis of unspecified artery

ICD-10
Code

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Illness

UK
Biobank
Noncancer
Illness
Code

I259
I630
I631
I632
I633
I634
I635
I636
I638
I639
I64
I65
I650
I651
I652
I653
I658
I659
I66
I660
I661
I662
I663
I664
I668
I669
I694
I70
I700
I7000
I7001
I701
I7010
I702
I7020
I7021
I708
I7080
I709
I7090
I74
I740
I741
I742
I743
I744
I745
I748
I749
(continued )
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Supplementary Table S3. Continued
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable
Depression

Dyslipidaemia

Hypertension

Ischaemic heart
disease

Diagnosis
Recurrent depressive disorder
Recurrent depressive disorder, current episode mild
Recurrent depressive disorder, current episode moderate
Recurrent depressive disorder, current episode severe without psychotic
symptoms
Recurrent depressive disorder, current episode severe with psychotic
symptoms
Recurrent depressive disorder, currently in remission
Other recurrent depressive disorders
Recurrent depressive disorder, unspecified
Depressive episode
Mild depressive episode
Moderate depressive episode
Severe depressive episode without psychotic symptoms
Severe depressive episode with psychotic symptoms
Other depressive episodes
Depressive episode, unspecified
Pure hyperglyceridaemia
Mixed hyperlipidaemia
Other hyperlipidaemia
Hyperlipidaemia, unspecified
Essential (primary) hypertension
Pre-existing hypertension complicating pregnancy, childbirth and the
puerperium
Pre-existing essential hypertension complicating pregnancy, childbirth, and
the puerperium
Unspecified pre-existing hypertension complicating pregnancy, childbirth
and the puerperium
Gestational (pregnancy-induced) hypertension without significant
proteinuria
Gestational (pregnancy-induced) hypertension with significant proteinuria
Unspecified maternal hypertension
Angina pectoris

ICD-10
Code
F33
F330
F331
F332

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Illness

UK
Biobank
Noncancer
Illness
Code

Depression

1286

High cholesterol

1473

Hypertension
Essential hypertension

1065
1072

Gestational hypertension/preeclampsia

1073

Heart/cardiac problem

1066

Angina
Heart attack/myocardial
infarction

1074
1075

F333
F334
F338
F339
F32
F320
F321
F322
F323
F328
F329
E781
E782
E784
E785
I10
O10
O100
O109
O13
O14
O16
I20

Unstable angina
Angina pectoris with documented spasm

I200
I201

Other forms of angina pectoris
Angina pectoris, unspecified
Acute myocardial infarction
Acute transmural myocardial infarction of anterior wall
Acute transmural myocardial infarction of inferior wall
Acute transmural myocardial infarction of other sites
Acute transmural myocardial infarction of unspecified site
Acute subendocardial myocardial infarction
Acute myocardial infarction, unspecified
Subsequent myocardial infarction
Subsequent myocardial infarction of anterior wall
Subsequent myocardial infarction of inferior wall
Subsequent myocardial infarction of other sites
Subsequent myocardial infarction of unspecified site
Other acute ischaemic heart diseases
Coronary thrombosis not resulting in myocardial infarction
Dressler’s syndrome

I208
I209
I21
I210
I211
I212
I213
I214
I219
I22
I220
I221
I228
I229
I24
I240
I241
(continued )
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Supplementary Table S3. Continued
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable

Nonalcoholic liver
disease

Osteoarthritis

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Diagnosis

ICD-10
Code

Illness

UK
Biobank
Noncancer
Illness
Code

Other forms of acute ischaemic heart disease
Acute ischaemic heart disease, unspecified
Chronic ischaemic heart disease
Atherosclerotic cardiovascular disease, so described
Atherosclerotic heart disease
Old myocardial infarction
Ischaemic cardiomyopathy
Silent myocardial ischaemia
Other forms of chronic ischaemic heart disease
Chronic ischaemic heart disease, unspecified
Fibrosis and cirrhosis of the liver

I248
I249
I25
I250
I251
I252
I255
I256
I258
I259
K74

Liver failure/cirrhosis

1158

Hepatic fibrosis
Hepatic sclerosis
Hepatic fibrosis with hepatic sclerosis
Fatty (change of) liver, not elsewhere classified
Primary generalized (osteo)arthrosis
Heberden’s nodes (with arthropathy)
Bouchard’s nodes (with arthropathy)
Secondary multiple arthrosis
Erosive (osteo)arthrosis
Arthrosis of first carpometacarpal joint
Primary arthrosis of first carpometacarpal joints, bilateral
Other primary arthroses of the first carpometacarpal joint
Posttraumatic arthrosis of first carpometacarpal joints, bilateral
Other posttraumatic arthroses of first carpometacarpal joint
Other secondary arthroses of the first carpometacarpal joint
Arthrosis of first carpometacarpal joint, unspecified
Other arthroses
Primary arthrosis of other joints
Primary arthrosis of other joints (multiple sites)
Primary arthrosis of other joints (shoulder region)
Primary arthrosis of other joints (upper arm)
Primary arthrosis of other joints (forearm)
Primary arthrosis of other joints (hand)
Primary arthrosis of other joints (pelvic region and thigh)
Primary arthrosis of other jointselower leg
Primary arthrosis of other joints (ankle and foot)
Primary arthrosis of other joints (other)
Primary arthrosis of other joints (site unspecified)
Posttraumatic arthrosis of other joints
Post-traumatic arthrosis of other joints (multiple sites)
Post-traumatic arthrosis of other joints (shoulder region)
Post-traumatic arthrosis of other joints (upper arm)
Post-traumatic arthrosis of other joints (forearm)
Post-traumatic arthrosis of other joints (hand)
Post-traumatic arthrosis of other joints (pelvic region and thigh)
Post-traumatic arthrosis of other jointselower leg
Post-traumatic arthrosis of other joints (ankle and foot)
Post-traumatic arthrosis of other joints (other)
Post-traumatic arthrosis of other joints (site unspecified)
Other secondary arthroses
Other secondary arthroses (shoulder region)

K740
K741
K742
K760
M150
M151
M152
M153
M154
M18
M180
M181
M182
M183
M185
M189
M19
M190
M1900
M1901
M1902
M1903
M1904
M1905
M1906
M1907
M1908
M1909
M191
M1910
M1911
M1912
M1913
M1914
M1915
M1916
M1917
M1918
M1919
M192
M1921

Primary biliary cirrhosis

1506

Osteoarthritis
Cervical spondylosis

1465
1478

(continued )
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Supplementary Table S3. Continued
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable

Peptic ulcer

Psoriasis

Psoriatic arthritis1

Diagnosis

ICD-10
Code

Other secondary arthroses (upper arm)
Other secondary arthroses (forearm)
Other secondary arthroses (hand)
Other secondary arthroses (pelvic region and thigh)
Other secondary arthroses (ankle and foot)
Other specified arthroses
Other specified arthroses (shoulder region)
Other specified arthroses (forearm)
Other specified arthroses (hand)
Other specified arthroses (pelvic region and thigh)
Other specified arthroses (lower leg)
Other specified arthroses (ankle and foot)
Other specified arthroses (other)
Other specified arthroses (site unspecified)
Arthrosis, unspecified
Arthrosis, unspecified (multiple sites)
Arthrosis, unspecified (shoulder region)
Arthrosis, unspecified (upper arm)
Arthrosis, unspecified (forearm)
Arthrosis, unspecified (hand)
Arthrosis, unspecified (pelvic region and thigh)
Arthrosis, unspecifiedelower leg
Arthrosis, unspecified (ankle and foot)
Arthrosis, unspecified (other)
Arthrosis, unspecified (site unspecified)
Peptic ulcer, site unspecified
Acute with haemorrhage
Acute without haemorrhage or perforation
Chronic or unspecified with haemorrhage
Chronic or unspecified with perforation
Chronic or unspecified with both haemorrhage and perforation
Chronic without haemorrhage or perforation
Unspecified as acute or chronic, without haemorrhage or perforation
Psoriasis vulgaris
Guttate psoriasis
Other psoriasis
Psoriasis, unspecified
Anthropathic psoriasis
Psoriatic spondylitis
Psoriatic spondylitis (site unspecified)
Other psoriatic arthropathies
Other psoriatic arthropathies (multiple sites)
Other psoriatic arthropathies (shoulder region)
Other psoriatic arthropathies (forearm)
Other psoriatic arthropathies (hand)
Other psoriatic arthropathies (pelvic region and thigh)
Other psoriatic arthropathies (lower leg)
Other psoriatic arthropathies (ankle and foot)
Other psoriatic arthropathies (site unspecified)
M08 Juvenile ankylosing spondylitis
Juvenile ankylosing spondylitis (multiple sites)
Juvenile ankylosing spondylitis (site unspecified)
Ankylosing spondylitis

M1922
M1923
M1924
M1925
M1927
M198
M1981
M1983
M1984
M1985
M1986
M1987
M1988
M1989
M199
M1990
M1991
M1992
M1993
M1994
M1995
M1996
M1997
M1998
M1999
K27
K270
K273
K274
K275
K276
K277
K279
L400
L404
L408
L409
L405
M072
M0729
M073
M0730
M0731
M0733
M0734
M0735
M0736
M0737
M0739
M08
M0810
M0819
M45

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Illness

UK
Biobank
Noncancer
Illness
Code

Peptic ulcer

1400

Psoriasis

1453

Spine arthritis/spondylitis
Ankylosing spondylitis
Psoriatic arthropathy

1311
1313
1477
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Supplementary Table S3. Continued
HES Diagnosis Code UK Biobank Data Field IDs 41262 and 41204

Comorbidity
Variable

Type 2 diabetes

Thyroid disease

Diagnosis
Ankylosing spondylitis (Multiple sites in the spine)
Ankylosing spondylitis (cervical region)
Ankylosing spondylitis (cervicothoracic region)
Ankylosing spondylitis (lumbar region)
Ankylosing spondylitis (lumbosacral region)
Ankylosing spondylitis (sacral and sacrococcygeal region)
Ankylosing spondylitis (site unspecified)
Other specified inflammatory spondylopathies
Other specified inflammatory spondylopathies (multiple sites in the spine)
Other specified inflammatory spondylopathies (cervical region)
Other specified inflammatory spondylopathies (lumbar region)
Other specified inflammatory spondylopathies (lumbosacral region)
Other specified inflammatory spondylopathies (site unspecified)
Inflammatory spondylopathy, unspecified
Inflammatory spondylopathy, unspecified (multiple sites in the spine)
Inflammatory spondylopathy, unspecified (occipitoatlantoaxial region)
Inflammatory spondylopathy, unspecified (cervical region)
Inflammatory spondylopathy, unspecified (thoracolumbar region)
Inflammatory spondylopathy, unspecified (lumbar region)
Inflammatory spondylopathy, unspecified (lumbosacral region)
Inflammatory spondylopathy, unspecified (sacral and sacrococcygeal
region)
Inflammatory spondylopathy, unspecified (site unspecified)
Noninsulin-dependent diabetes mellitus
With coma
With ketoacidosis
With renal complications
With ophthalmic complications
With neurological complications
With peripheral circulatory complications
With other specified complications
With multiple complications
With unspecified complications
Without complications
Atrophy of thyroid (acquired)
Other specified hypothyroidism
Hypothyroidism, unspecified
Thyrotoxicosis (hyperthyroidism)
Thyrotoxicosis with diffuse goitre
Thyrotoxicosis with a toxic single thyroid nodule
Thyrotoxicosis with toxic multinodular goitre
Other thyrotoxicosis
Thyrotoxicosis, unspecified
Thyroiditis
Acute thyroiditis
Subacute thyroiditis
Chronic thyroiditis with transient thyrotoxicosis
Autoimmune thyroiditis
Other chronic thyroiditis
Thyroiditis, unspecified

Noncancer Illness Codes (Self-Reported)
UK Biobank Data Field ID 20002

Illness

UK
Biobank
Noncancer
Illness
Code

Type 2 diabetes

1223

Hyperthyroidism/thyrotoxicosis
Hypothyroidism/myxoedema
Thyroiditis
Grave’s disease
Thyroid goitre

1225
1226
1428
1522
1610

ICD-10
Code
M45X0
M45X2
M45X3
M45X6
M45X7
M45X8
M45X9
M468
M4680
M4682
M4686
M4687
M4689
M469
M4690
M4691
M4692
M4695
M4696
M4697
M4698
M4699
E11
E110
E111
E112
E113
E114
E115
E116
E117
E118
E119
E034
E038
E039
E05
E050
E051
E052
E058
E059
E06
E060
E061
E062
E063
E065
E069

Abbreviations: HES, hospital episode statistics; ICD, International Classification of Diseases; ID, identification.
Psoriatic arthritis diagnosis codes take into account that all participants in the analysis already have psoriasis.

1
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Supplementary Table S4. Concordance of HLA-C*06:02 Imputation Methods in 5,519 UK Biobank Psoriasis Cases
HLA*IMP:02 (Provided by UK Biobank)

SNP2HLA (calculated)
Negative (<0.2)
Ambiguous (0.2e0.8)
Heterozygous (0.8e1.2)
Ambiguous (1.2e1.8)
Homozygous (>1.8)

Negative (<0.2)

Ambiguous (0.2e0.8)

Heterozygous (0.8e1.2)

Ambiguous (1.2e1.8)

Homozygous (‡1.8)

2,952
0
8
0
0

0
0
0
0
0

1
1
2,391
0
1

0
0
0
0
0

0
0
0
0
165

The table gives participant counts in each category defined by HLA-C*06:02 genotype call by two imputation methods. For the purpose of assessing
concordance, HLA-C*06:02 negative ¼ imputed dosage < 0.2, HLA-C*06:02 heterozygous ¼ imputed dosage of 0.8e1.2, HLA-C*06:02 homozygous ¼
imputed dosage > 1.8; ambiguous call ¼ otherwise. SNP2HLA imputation uses a T1DGC reference panel and is based on 3,561 array-genotyped SNPs in
the HLA region. In total, 11 participants of a total of 5,519 are called differently by the two methods, implying a concordance rate of 99.8%.
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