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ABSTRACT
Background  Forty distinct primary sclerosing cholangitis 
(PSC) genomic loci have been identified through 
multiancestry meta-analyses. The polygenic risk score 
(PRS) could serve as a promising tool to discover unique 
disease behaviour, like PSC, underlying inflammatory 
bowel disease (IBD).
Aim  To test whether PRS indicates PSC risk in patients 
with IBD.
Materials and methods  Mayo Clinic and Washington 
University at St Louis IBD cohorts were used to test our 
hypothesis. PRS was modelled through the published PSC 
loci and weighted with their corresponding effect size. 
Logistic regression was applied to predict the PSC risk.
Results  In total, 63 (5.6%) among 1130 patients with 
IBD of European ancestry had PSC. Among 381 ulcerative 
colitis (UC), 12% had PSC; in contrast to 1.4% in 761 
Crohn disease (CD). Compared with IBD alone, IBD-PSC 
had significantly higher PRS (PSC risk: 3.0% at the 
lowest PRS quartile vs 7.2% at the highest PRS quartile, 
P

trend =.03). In IBD subphenotypes subgroup analysis, 
multivariate analysis shows that UC-PSC is associated 
with more extensive UC disease (OR, 5.60; p=0.002) and 
younger age at diagnosis (p=0.02). In CD, multivariate 
analysis suggests that CD-PSC is associated with 
colorectal cancer (OR, 50; p=0.005).
Conclusions  We found evidence that patients with IBD 
with PSC presented with a clinical course difference from 
that of patients with IBD alone. PRS can influence PSC 
risk in patients with IBD. Once validated in an independent 
cohort, this may help identify patients with the highest 
likelihood of developing PSC.

INTRODUCTION
Primary sclerosing cholangitis (PSC) is 
characterised by chronic immune-mediated 
stricturing bile ducts, which eventually leads 
to liver failure and the need for liver trans-
plantation.1 PSC is highly associated with 
inflammatory bowel disease (IBD), espe-
cially ulcerative colitis (UC). The prevalence 
of UC in patients with PSC ranges from 
60% to 70%.2 Conversely, PSC affects about 
7% of patients with UC.3 It is important for 
clinicians to identify which patients with 

IBD are more likely to have PSC, since this 
could significantly determine IBD disease 
behaviour and clinical outcome and allow for 
a more personalised therapeutic approach.

The aetiology of PSC is not clearly under-
stood. Studies of heritability have indicated 
a genetic component to the development of 
PSC. Recent genome-wide association studies 
(GWAS) have identified 40 regions of the 
genome, including the HLA locus at chromo-
some 6p21 and several regions located outside 
of previously known PSC loci, which under-
lies the risk of PSC and suggests the presence 
of shared genetic risk factors between PSC 
and UC.4–6 Among the established PSC loci, 
several have been found to be associated with 
UC.7 In the latest PSC GWAS, in combination 
with the International IBD Genetics Consor-
tium data analysis to estimate the genetic 
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correlation (rG) between PSC and subphenotypes of 
IBD, it was found that PSC is more genetically related 
to UC (rG=0.29) than Crohn's disease (CD) (rG=0.04) 
(p=2.55E−15) but is still much lower than the genetic 
correlation between UC and CD (rG=0.56).5 In combi-
nation with previous study,4 these findings suggest that 
PSC-IBD is likely the result of a unique disease, which can 
be genetically distinct from classic IBD.

Genetic variants influencing complex traits—mostly 
single-nucleotide polymorphisms (SNPs) identified 
through GWAS—typically have little effects and limited 
predictive power. However, a larger proportion of herita-
bility among complex traits can be explained by a poly-
genic risk score (PRS), which can be constructed through 
statistical models to evaluate the effects of all SNPs simul-
taneously.8 9 Recent GWAS studies have revealed 40 
genomic regions related to the risk of developing PSC.5 
However, the genetic biomarker to help differentiate the 
subgroups of IBD associated with PSC from classic IBD 
remains to be identified.

In the present study, we hypothesise that a PRS derived 
from the established PSC GWAS loci may help differen-
tiate PSC-IBD from IBD without PSC through a large 
retrospective cohort.

MATERIALS AND METHODS
Cohort datasets
Multicentre GWAS data sets were used for this study: 
the Mayo Clinic IBD cohort (Cohort 1) (Immunochip 
custom genotyping array, Illumina) and Washington 
University IBD cohort (Cohort 2) (Immunochip custom 
genotyping array, Illumina). All data collection and study 
procedures were approved in both cohorts by the respec-
tive institutional review boards.

Both GWAS cohorts recruited adult patients (≥18 
years) with a confirmed diagnosis of IBD. Clinical pheno-
type information was obtained through chart review, 
and biospecimens were collected for DNA sequencing. 
All participants gave written informed consent. Clinical 
factors included gender, age at diagnosis of UC, age at 
study enrolment, UC disease duration, disease location, 
tobacco use, family history of IBD and extraintestinal 
manifestations (EIMs). Disease location, behaviour and 
extent were classified according to the validated National 
Institutes of Diabetes and Digestive and Kidney Diseases 
IBD Genetics Consortium modification of the Montreal 
Classification, as previously described.10 EIMs included 
joint involvement (small joint, large joint, ankylosing 
spondylitis and sacroiliitis), eye involvement (iritis, 
uveitis, nonspecific ocular inflammation), skin involve-
ment (erythema nodosum, pyoderma gangrenosum) 
and PSC.

Statistical analysis
We applied the following quality control criteria to 
exclude SNPs: (1) Hardy-Weinberg equilibrium test p 
values <1.0E-05; (2) minor allele frequency less than 1% 

and (3) call rate less than 95%. In total, 213 386 SNPs 
(ie, 84% of the originally genotyped SNPs) passed the 
quality control filters. Samples with cryptic relatedness 
(estimated identical-by-descent, PI-HAT more than 0.25) 
were excluded.

PRS was derived from the recently published PSC 
GWAS SNPs.5 Among the 40 published PSC loci, 36 were 
successfully genotyped in the cohort 1 and cohort 2. The 
PRS was calculated by computing the sum of risk alleles 
across the 36 SNPs that an individual has, weighted with 
their corresponding effect size (log-ORs) (online supple-
mental table 1).

ORs and 95% CI were calculated to estimate single 
locus effects for risk alleles and genotypes (online 
supplemental table 1, Excel spreadsheet). Two-sample 
t-tests were used for continuous variables, and nominal 
data were analysed using the χ2 test or Fisher exact test. 
Age at diagnosis was analysed as a continuous variable. A 
two-tailed p value <0.05 was considered significant. These 
analyses were conducted using the BlueSky Statistics 
V.7.40 and the SVS software suite V.8.3 (Golden Helix).

RESULTS
Clinical factors and PRS of PSC in patients with IBD
Among 1130 patients of European ancestry with IBD 
(cohort 1, n=586; cohort 2, n=607) who were successfully 
genotyped and had available detailed clinical informa-
tion, in total, 63 (5.6%) were diagnosed with PSC (cohort 
1, n=27 (4.6%); cohort 2, n=36 (5.9%)).

In univariate analysis, IBD-PSC was associated with 
more men (OR, 1.64; p=0.06), younger age at diagnosis 
of UC (OR, 0.97; p=0.02), longer IBD disease duration 
(18.9 years vs 13.3 years; p<0.001), less smoking (OR, 
0.28; p<0.001) and less IBD-associated surgeries (OR, 
0.51; p=0.01). Family history of IBD was not associated 
with PSC. Multivariate analysis showed that longer IBD 
disease duration (p<0.001), less smoking (OR, 0.34; 
p=0.002) and less IBD-associated surgeries (OR, 0.39 
p=0.05) remained statistically significant (table 1).

Compared with IBD alone, IBD-PSC has higher PRS 
(−2.58±SE 0.08 vs −2.82±SE 0.02; p=0.004) (figure  1). 
The PSC risk among IBD was 3% at the lowest PRS quar-
tile, compared with 7.2% at the highest PRS quartile (P 

trend =0.03) (figure 2).

Clinical factors and PRS of PSC in patients with UC
Among a total of 381 patients with UC of European 
ancestry successfully genotyped and with available 
detailed clinical information, 46 (12.1%) were diag-
nosed with PSC. There was no significant difference of 
PRS between UC-PSC and UC alone (−2.59±SE 0.09 vs 
−2.73±SE 0.03; p=0.14).

In univariate analysis, UC-PSC was associated with 
younger age at diagnosis of UC (OR, 0.94; p<0.001), 
longer UC disease duration (21.6 years vs 11.7 years; 
p<0.001), more extensive disease (OR, 6.25; p<0.001) 
and less smoking (OR, 0.31; p=0.007). Family history of 
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IBD, male gender and intestinal resection were not asso-
ciated with PSC in UC. Multivariate analysis showed that 
younger age at diagnosis (OR, 0.97; p=0.02), longer UC 
disease duration (p<0.0001) and extensive (pancolitis) 
disease (OR, 5.60; p=0.002) remained associated with 
PSC in UC but not ever-smoking (OR, 0.47; p=0.15) 
(table 2).

Clinical factors and PRS of PSC in patients with CD
Among a total of 711 CD patients of European ancestry 
successfully genotyped, and with available detailed clin-
ical information, 11 patients (1.4%) were diagnosed with 
PSC. There was no significant difference of PRS between 
CD-PSC and CD alone (−2.53±SE 0.19 vs −2.87±SE 0.02; 
p=0.06).

In univariate analysis, CD-PSC was associated with a 
suggestive higher PRS (p=0.09), shorter disease dura-
tion (7.45 years vs 13.98 years; p=0.009), less complex 
CD behaviour (stricturing or penetrating) (OR, 0.17; 
p=0.009) and higher risk of colorectal cancer (OR, 18.9; 

Table 1  Associations between clinical factors and polygenic risk score between IBD with PSC and IBD without PSC in the 
cohort 1 and cohort 2

Predictors

Cohort 1
IBD with PSC/
without PSC
(n=27/559)

Cohort 2
IBD with PSC/
without PSC
(n=36/571)

Combined cohort
IBD with PSC/without 
PSC
(n=63/1130)

Univariate 
analysis
OR (95% CI)
P value

Multivariate 
analysis
OR (95% CI)
P value

Polygenic PSC risk 
score, mean (SE)

2.50 (0.12)/2.86 
(0.03)

2.66 (0.10)/2.80 
(0.03)

2.58 (0.08)/2.82 (0.02)
(non-parametric) 
Wilcoxon rank sum test
p=0.004

1.78 (1.19 to 2.68)
p=0.005

1.81 (1.16 to 2.84)
p=0.009

Gender (male), 
number (%)

15 (62.5%)/236 
(42.6%)

17 (47.2%)/226 
(39.6%)

32 (53.3%)/462 (41.1%) 1.64 (0.97 to 2.77)
p=0.06

1.26 (0.71 to 2.23)
p=0.32

Family history of IBD 
(yes)

4 (14.8%)/87 
(15.5%)

8 (22.2%)/81 
(14.2%)

12 (19%)/168 (14.9%) 1.34 (0.67 to 2.49)
p=0.38

NA

Age at diagnosis of 
IBD, mean (SE)

27.08 
(2.92)/30.7 
(0.61)

26.1 (2.40)/30/8 
(0.59)

26.6 (1.89)/30.7 (0.42) 0.97 (0.95 to 0.99)
p=0.02

0.99 (0.96 to 1.01)
p=0.55

Disease duration, 
years (SE)

15.8 (11.1)/13.7 
(11.1)

21.0 (13.7)/12.9 
(8.6)

18.9 (12.9)/13.3 (9.9) 1.04 (1.02 to 1.06)
p<0.001

1.05 (1.03 to 1.08)
p<0.0001

Ever smoked (yes), 
number (%)

2 (7.4%)/145 
(25.9%)

5 (13.8%)/201 
(35.3%)

7 (11.1%)/346 (30.6%) 0.28 (0.12 to 0.59)
p<0.001

0.34 (0.14 to 0.74)
p=0.002

Bowel resection 
surgery (yes), number 
(%)

8 (29.6%)/247 
(44.1%)

9 (25%)/225 
(39.4%)

17 (27%)/471 (41.7%) 0.51 (0.28 to 0.89)
p=0.01

0.39 (0.20 to 0.74)
p=0.05

IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis.

Figure 1  Boxplots of polygenic risk scores between PSC 
and non-PSC in IBD patients. IBD, inflammatory bowel 
disease; PSC, primary sclerosing cholangitis.

Figure 2  Plot of polygenic risk score quartiles and PSC 
status in IBD. IBD, inflammatory bowel disease; PSC, 
primary sclerosing cholangitis.
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p=0.05). Family history of IBD, age at diagnosis of CD, 
male gender, ever smoking and intestinal resection were 
not associated with PSC in CD. Interestingly, multivariate 
analysis showed shorter disease duration (p=0.04), and 
CRC (OR, 50; p=0.005) remained significantly associated 
with PSC among CD(table 3).

DISCUSSION
In a large multicentre cohort of patients with IBD who 
had long-term follow-up (average >10 years), 12.3% of 
patients with UC also had PSC, in contrast to 1.4% of 
patients with CD with PSC. Patients who had both IBD 
and PSC presented with a clinical course that differed 
from that of patients with IBD alone. UC patients with 
PSC were younger at the age of diagnosis and with more 
extensive disease, whereas CD patients with PSC had 
less complex CD behaviour (stricturing/penetrating). 
Through a PRS model from GWAS PSC loci, compared 
with IBD alone, IBD-PSC had significantly higher PRS 
(PSC risk: 3.0% at the lowest PRS quartile vs 7.2% at the 
highest PRS quartile, P trend = 0.03). Our findings provide 
evidence of PSC in IBD, presenting a unique clinical 
course, and the PRS influencing the PSC risk among IBD.

In patients with UC, PSC is characterised by younger 
age at onset11; milder but more extensive intestinal 
inflammation, rectal sparing and backwash ileitis12 13; 
increased a threefold to fivefold higher risk of colonic 
carcinoma14; and higher risk for development of 

pouchitis after proctocolectomy with ileoanal-pouch 
anastomosis15 compared with patients with UC without 
PSC. In this study, univariate analysis showed that patients 
with UC with PSC are more likely to be younger at UC 
diagnosis (25 vs 34.3 years old; p<0.001), have longer 
disease duration (21.6 years vs 11.7 years; p<0.001), more 
extensive disease (pancolitis) (OR, 6.25 (2.45 to 21.1); 
p<0.001), and less tobacco exposure (OR, 0.31 (0.11 to 
0.75); p=0.007) when compared with patients with UC 
without PSC. Compared with UC alone, colorectal cancer 
was found more common in UC-PSC (4.3% vs 1.5%) but 
not statistically significant (p=0.23). Family history of 
first-degree relatives with IBD, male gender and intes-
tinal surgical resection were not associated with PSC in 
those with UC. Multivariate analysis showed that younger 
age at diagnosis (p=0.02), longer UC disease duration 
(p<0.0001) and extensive (pancolitis) disease (OR, 5.60 
(1.88 to 16.6); p=0.002) remained associated with PSC 
in patients with UC but not tobacco exposure (OR, 
0.47 (0.17 to 1.33); p=0.15) (table 2). This suggests that 
UC-PSC is a unique subgroup of patients with UC.

Among patients with CD, univariate analysis showed 
that CD-PSC are more likely to have shorter disease 
duration (7.45 years vs 13.9 years; p<0.009), and less 
complex CD behaviour (stricturing or penetrating) (OR, 
0.17 (0.03 to 0.67); p<0.009). Compared with CD alone, 
more colorectal cancer was observed in CD-PSC patients 
(9% vs 0.5%; OR, 18.9; p=0.05). This is consistent with 

Table 2  Associations between clinical factors and polygenic risk score between UC with PSC and UC without PSC

Predictors

Combined cohort
UC with PSC/without 
PSC
(n=46/335)

Univariate analysis
OR (95% CI)
P value

Multivariate analysis
OR (95% CI)
P value

Polygenic PSC risk score, mean (SE) -2.59 (0.09)/-2.73 (0.03)
(non-parametric) 
Wilcoxon rank sum test
p=0.14

1.48 (0.88 to 2.53)
p=0.13

1.41 (0.80 to 2.50)
p=0.23

Gender (male), number (%) 23 (50%)/167 (49.8%) 1.27 (0.67 to 2.48)
p=0.46

NA

Family history of IBD (yes) 8 (17.4%)/38 (11.3%) 1.64 (0.67 to 3.63)
p=0.25

NA

Age at diagnosis of UC, mean (SE) 25.0 (2.11)/34.3 (0.78) 0.94 (0.92 to 0.97)
p<0.001

0.97 (0.94 to 0.99)
p=0.02

Disease duration, years (SE) 21.6 (1.36)/11.7 (0.54) 1.08 (1.05 to 1.11)
p<0.001

1.07 (1.04 to 1.10)
p<0.0001

Ever smoked (yes), number (%) 5 (10.8%)/94 (28%) 0.31 (0.11 to 0.75)
p=0.007

0.47 (0.17 to 1.33)
p=0.15

Extended UC (yes), number (%) 42 (91.3%)/210 (62.6%) 6.25 (2.45 to 21.1)
p<0.001

5.60 (1.88 to 16.6)
p=0.002

Colorectal cancer (yes), number (%) 2 (4.3%)/5 (1.5%) 3.00 (0.42 to 14.3)
p=0.23

NA

Bowel resection surgery (yes), number 
(%)

13 (28.3%)/66 (19.7%) 1.51 (0.28 to 0.89)
p=0.19

NA

IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.
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the suggestive finding among UC. Family history of first-
degree relatives with IBD, age at diagnosis of CD, male 
gender, ever smoking and intestinal resection were not 
associated with PSC in CD. Multivariate analysis showed 
that shorter disease duration (p=0.04) and CRC (OR, 
50; p=0.005) remained associated with PSC among CD. 
This suggests that CD-PSC is a unique subgroup of CD 
patients. In addition, prior studies revealed that UC-PSC 
is associated with milder UC disease activity,11–13 which 
corresponds with our suggestive findings of less complex 
CD behaviour (stricturing/penetrating) in CD-PSC 
patients (table 3).

For the past two decades, GWAS studies have provided 
a great shift in our capacity to understand the genetic 
basis of human disease and have generated new insights 
into disease biology that have supported clinical trans-
lation. Genetic heterogeneity underpins the variable 
clinical natural history of IBD and the continuum of 
IBD subphenotypes. EIMs in patients with IBD are more 
frequently observed in those with the HLA-A2, HLA-DR1, 
HLA-DQw516 and PTPN22 variants.17 Compared with UC 
alone, UC-PSC patients were found to be associated with 
two genetic loci: rs38904 (chr7, in the region of WNT2, 
CFTR; allele G vs A, OR 2.78; p=0.01) and rs11209026 
(chr1, in IL23R; allele A vs G, OR 4.08; p=0.02)18; however, 
a larger cohort to validate these findings is warranted. In 
recent PSC GWAS studies, 40 genomic regions, including 
the HLA loci at chromosome 6p21 and additional 24 loci 
located outside of previously known PSC loci, related to 

the risk of developing PSC, have been discovered5 and 
provide a fundamental tool to understand the under-
lying pathogenesis of PSC. The individual effect sizes of 
GWAS loci are mostly modest; however, examples such as 
variants linked to changes in integrin expression under-
score the value of the regulatory consequences of GWAS 
variants.19

To our knowledge, the application of genetic risk score 
to IBD EIMs, especially PSC, is yet to be defined in the liter-
ature. In this study, we applied the PSC genetic risk score 
in a large multicentre cohort of patients with IBD who 
had long-term follow-up (average >10 years). Compared 
with IBD alone, IBD-PSC has a significantly higher PRS 
(−2.58 vs −2.82; p=0.004) and a significant trend of PSC 
risk (highest PSC risk 7.2% at the highest PRS quartile vs 
3.0% at the lowest PRS quartile, P trend =0.03). Our find-
ings provide evidence that genetic risk score influences 
PSC risk in patients with IBD. This suggests that IBD-PSC 
may be genetically distinct from IBD alone.

Some limitations of our study warrant consideration. 
First, this is a retrospective study and the number of 
patients with IBD diagnosed with PSC is generally modest. 
The study power of comparing the PRS within IBD 
subphenotypes is further limited by the smaller number 
of samples. Second, this study was not designed for 
formal replication because there was no stringent statis-
tical significance imposed separately in the two cohorts. 
Third, the exact date of PSC diagnosis was not avail-
able, and we were unable to determine the time interval 

Table 3  Associations between clinical factors and polygenic risk score between CD with PSC and CD without PSC

Predictors

Combined cohort
CD with PSC/without 
PSC
(n=11/760)

Univariate analysis
OR (95% CI)
P value

Multivariate analysis
OR (95% CI)
P value

Polygenic PSC risk score, mean (SE) -2.53 (0.19)/-2.87 (0.02)
(non-parametric) 
Wilcoxon rank sum test
p=0.06

2.16 (0.87 to 5.37)
p=0.09

2.27 (0.89 to 5.76)
p=0.08

Gender (male), number (%) 4 (35.4%)/277 (36.4%) 0.99 (0.30 to 3.90)
p=0.98

NA

Family history of IBD (yes) 2 (18.2%)/125 (16.4%) 1.12 (0.17 to 4.45)
p=0.88

NA

Age at diagnosis of IBD, mean (SE) 32.8 (5.1)/29.1 (0.5) 1.01 (0.98 to 1.06)
p=0.39

NA

Disease duration, yes (SE) 7.45 (1.74)/13.9 (0.37) 0.88 (0.76 to 0.97)
p=0.009

0.88 (0.78 to 0.99)
p=0.04

Ever smoked (yes), number (%) 2 (18.2%)/245 (32.2%) 0.47 (0.07 to 1.83)
p=0.30

NA

Complex phenotype (stricturing or 
penetrating), (yes) number (%)

2 (18.1%)/429 (56.4%) 0.17 (0.03 to 0.67)
p=0.009

0.26 (0.05 to 1.27)
p=0.09

Colorectal cancer, number (%) 1 (9%)/4 (0.5%) 18.9 (0.92 to 143)
p=0.05

50.3 (3.08 to 820)
p=0.005

Bowel resection surgery (yes), number (%) 4 (36.3%)/399 (52.5%) 0.52 (0.13 to 1.73)
p=0.28

NA

CD, Crohn's disease; IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis.
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between IBD diagnosis and PSC diagnosis. Fourth, liver 
transplantation status and posttransplant immunosup-
pressive agents used in PSC patients were not available, 
which could affect the clinical course and disease extent 
of IBD; however, we do not think this would significantly 
confound our results.

Our study also has several strengths. We have long-term 
follow-up IBD cohorts and focused on the clinically rele-
vant characteristics to identify the predictors of PSC risk 
in patients with IBD. In addition, the included studies 
were high quality according to the methodologic quality 
assessment in IBD clinical behaviour and phenotyping 
and genotyping data.

In conclusion, patients with IBD with PSC presented 
with a clinical course difference from that of patients with 
IBD alone. Among patients with UC, those with UC-PSC 
were younger at age of diagnosis and with more extensive 
disease. A similar trend of less complex CD behaviour—
inflammatory only—was observed in CD-PSC than in 
CD. Through a genetic risk score (PRS) modelled from 
GWAS PSC loci, compared with IBD alone, IBD-PSC has 
a significantly higher PRS. Our findings provide evidence 
of PSC in IBD and that the PRS indicates PSC risk in 
patients with IBD, which suggests that PSC in IBD may be 
genetically distinct from most patients with IBD. Future 
work of replicating our findings in an independent and 
larger cohort is warranted. Once our result is validated, 
this may help guide an individualised IBD management 
strategy and identify patients with the highest likelihood 
of developing PSC.
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