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ORIGINAL ARTICLE

Changes in inflammatory bowel disease subtype during follow-up and over
time in 44,302 patients
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Hamed Khalilib,h, Maria Elmbergb, Anders Ekbomb, Johan Asklingb, Gustav Jakobssoni, Jonas Halfvarsonj,
Jonas F. Ludvigssoni,j,k,l,m and Ola Ol�ena,b,n
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Nottingham, Nottingham, UK; mDepartment of Medicine, Columbia University College of Physicians and Surgeons, New York, NY, USA;
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ABSTRACT
Aim: To investigate inflammatory bowel disease (IBD) register-based subtype classifications over a
patient’s disease course and over time.
Methods: We examined International Classification of Diseases coding in patients with �2 IBD diag-
nostic listings in the National Patient Register 2002–2014 (n¼ 44,302).
Results: 18% of the patients changed diagnosis (17% of adults, 29% of children) during a median fol-
low-up of 3.8 years. Of visits with diagnoses of Crohn’s disease (CD) or ulcerative colitis (UC), 97%
were followed by the same diagnosis, whereas 67% of visits with diagnosis IBD-unclassified (IBD-U)
were followed by another IBD-U diagnosis. Patients with any diagnostic change changed mostly once
(47%) or twice (31%), 39% from UC to CD, 33% from CD to UC and 30% to or from IBD-U. Using a
classification algorithm based on the first two diagnoses (‘incident classification’), suited for prospect-
ive cohort studies, the proportion adult patients with CD, UC, and IBD-U 2002–2014 were 29%, 62%,
and 10% (43%, 45%, and 12% in children). A classification model incorporating additional information
from surgeries and giving weight to the last 5 years of visits (‘prevalent classification’), suited for
description of a study population at end of follow-up, classified 31% of adult cases as CD, 58% as UC
and 11% as IBD-U (44%, 38%, and 18% in children).
Conclusions: IBD subtype changed in 18% during follow-up. The proportion with CD increased and
UC decreased from definition at start to end of follow-up. IBD-U was more common in children.

Abbreviations: IBD: inflammatory bowel disease; CD: Crohns’s disease; UC: ulcerative colitis; IBD-U:
inflammatory bowel disease unclassified; ICD: International Classification of Diseases
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Introduction

Guidelines underline the importance of a complete diagnos-
tic workup to classify patients with inflammatory bowel dis-
ease (IBD) into Crohn’s disease (CD) or ulcerative colitis (UC)
in order for patients to receive the best management [1–5].
However, in some patients with colonic disease, the diagno-
sis of CD or UC cannot be clearly ascertained. For such cases,
it is recommended to use the term IBD unclassified (IBD-U)
[1]. The term indeterminate colitis is restricted to cases

without a definitive diagnosis after complete histologic ana-
lysis of surgical specimens [1,4,5].

The frequency of IBD-U is usually reported to be higher
among pediatric patients compared to that of the adult
population: 13 versus 6% in a meta-analysis [6], and to be
decreasing over disease course [7]. In well characterized IBD
cohorts, the proportion of IBD-U has been reported to range
from 1 to 20% in adults [8–20] and from 4 to 22% in pediat-
ric patients [21–33]) (Table 1).
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In
register-b

ased
studies,

the
p
rop

ortion
of

C
D
,
U
C

and
IBD

-U
varies

according
to

the
definition

of
IBD

sub
typ

es
[34–41]

(Tab
le

2).
Som

e
researchers

have
chosen

only
to

rep
ort

C
D

and
U
C
[42–45].

Som
e
classification

schem
es

have
b
een

b
ased

on
the

first
diagnosis

code
assigned

[43,44],
w
hile

others
have

b
een

b
ased

on
the

m
ost

frequent
coding

[34,38,39].
In

ep
idem

iologic
studies,

use
of

longitudinal
fol-

low
up

data
to

retrosp
ectively

classify
incident

cases
m
ay

introduce
b
ias.

Therefore,
in

p
rosp

ective
cohort

studies
of

the
association

b
etw

een
IBD

sub
typ

e
and

future
outcom

es,
the

definition
should

b
e
b
ased

on
availab

le
data

at
start

of
follow

-up
.
H
ow

ever,
there

is
also

a
need

for
a
classification

of
a
study

p
op

ulation
during,

or
at

end
of,

follow
-up

,
b
ased

on
all

availab
le

inform
ation.

D
ifferent

IBD
diagnoses

m
ight

b
e

docum
ented

during
a

p
atient’s

m
edical

history;
either

due
to

a
colitis

that
is
hard

to
distinguish

b
etw

een
U
C
or

C
D
,

or
sim

p
ly

b
ecause

of
occasional

incorrect
coding

in
the

records
[46].W

e
therefore

sought
to

exam
ine

changes
in

IBD

Table
1.

Proportion
inflam

m
atory

bow
eldisease

unclassified
(IBD

-U
)
in

w
ell-characterized

cohorts
w
ith

at
least

400
participants.

Author
Country

Study
population

n
(%

)
IBD

-U
/IC

Children
Saw

czenko,2001
U
K
&
Ireland

Incident
cases

1998–1999
age

<
16,n¼

739
12%

Auvin,2005
France

Incident
cases

1988–1999
age

<
17,n¼

509
n¼

20
(4%

)
Turunen,2006

Finland
Incident

cases
1987–2003,age

<
18,n¼

604
n¼

83
(14%

)
Pozler,2006

Czech
Republic

Incident
cases

1990–2001,age
<
15,n¼

470
n¼

45
(10%

)
Van

Lim
bergen,2008

Scotland
Incident

cases
2002

age
<

17,n¼
416

n¼
41

(10%
)

H
ope,2012

Ireland
Incident

cases
2000–2010

age
<
16,n¼

406
n¼

39
(10%

)
H
enderson,2012

Scotland
Incident

cases
2003–2008

age
<
16,n¼

436
n¼

56
(13%

)
Adam

iak,2013
U
SA

Incident
cases

2000–2007
age

<
18,n¼

992
5%

(based
on

IR
IC:0.5,IR

IBD
9.5)

M
artin-de-Carpi,2013

Spain
Incident

cases
1985–1995

age
<
18,n¼

495
n¼

19
(4%

)
M
€uller,2013

H
ungary

Incident
cases

2007–2009
age

<
18,n¼

420
n¼

25
(6%

)
M
alaty,2013

U
SA

Incident
cases

1986–2003,n¼
420

n¼
78

(22%
)

W
inter,2015

Europe
and

Israel
Incident

cases
2005–2013

age
<
18,N¼

3461
n¼

265
(8%

)
Rinaw

i,2017
Israel

Incident
cases

1986–2013
age

<
18,n¼

723
n¼

53
(7%

)
Adults
Burisch,2014

Europe
Incident

cases
2010

age�
15,n¼

1515
n¼

167
(11%

)
Adults

and
children

M
eucci,1999

Italy
Incident

cases
1988–1993,n¼

1113
n¼

50
(4%

)
Vind,2006

D
enm

ark
Incident

cases
2003–2005,n¼

562
n¼

27
(5%

)
G
earry,2006

N
ew

Zeeland
Incident

cases
2004–2005,n¼

1420
n¼

37
(3%

)
H
enriksen,2006

N
orw

ay
Incident

cases
1990–1993,n¼

843
n¼

40
(5%

)
H
errinton,2008

U
SA

Prevalent
cases

1996–2002,n¼
2366

n¼
101

(4%
)

Rom
berg-Cam

ps,2009
N
etherlands

Incident
cases

1991–2003,n¼
1187

n¼
81

(7%
)

N
g,2013

Asia-Pacific
Incident

cases
2011–2012,n¼

419
n¼

21
(5%

)
N
uij,2013

N
etherlands

Incident
cases

2006–2007,n¼
413

n¼
24

(6%
)

Bj €ornsson,2015
Iceland

Incident
cases

1995–2009,n¼
1175

n¼
12

(1%
)

Studd,2016
Australia

Prevalent
cases

2011,n¼
1011

Incident
cases

2010–2011,n¼
71

Prevalent
cases

n¼
25

(2.5%
)

Incident
cases

n¼
6
(8.4%

)
H
am

m
er,2016

D
enm

ark
Incident

cases
1960–2014,n¼

664
n¼

134
(20%

)
N
g,2016

China
Prevalent

cases1981–2014,n¼
2575

n¼
51

(2%
)

IBD
:Inflam

m
atory

bow
eldisease;IBD

-U
:IBD

-unclassified;U
C:ulcerative

colitis;CD
:Crohn’s

disease;IC:indeterm
inate

colitis.

Table
2.

Register-based
definition

and
proportion

of
inflam

m
atory

bow
eldisease

unclassified
(IBD

-U
)
in

different
studies.

Author
Country

Study
population

D
efinition

Proportion
IBD

-/IC

Benchim
ol,2009

Canada
Incident

cases
1994–2005

age
<
18

yrs,n¼
593

<
5/7

diagnoses
of

U
C
or

CD
4%

Lehtinen,2011
Finland

Incident
cases

1987–2003
n¼

1880
ICD

codeþ
pharm

acologicalreim
bursem

ent
2%

IC
30%

unknow
n

Benchim
ol,2014

Canada
Prevalent

cases
2008

n¼
74,817

Pediatric:
<
5/7

last
available

diagnoses
of

U
C
or

CD
Adults:U

C
<
5/9

last
available

diagnoses
of

U
C
or

CD
4%

Benchim
ol,2014

Canada
Pediatric

incident
cases

1994–2009
n¼

7143
<
5/7

last
available

diagnoses
of

U
C
or

CD
<
6
yrs:11%

6–9
yrs:10%

�
10

yrs:6.5%
Leddin,2014

Canada
Incident

cases
1996–2009

n¼
7153

Score
of�

2
toþ

2
w
here

physician
billing

claim
w
as

scored
asþ

1
(U
C)

or�
1
(CD

)
and

hospitaldischarge
w
as

scoredþ
2
(U
C)

or�
2
(CD

)

16%

Bitton,2014
Canada

Prevalent
cases

2001–2008
n¼

41,176
Score

of�
2
toþ

2
w
here

physician
billing

claim
w
as

scored
asþ

1
(U
C)

or�
1
(CD

)
and

hospitaldischarge
w
as

scoredþ
2
(U
C)

or�
2
(CD

)

3.5%

B
€usch,2014

Sw
eden

Prevalent
cases

2010
n¼

61,344
D
iagnosis

of
both

U
C
and

CD
/any

diagnosis
of

IBD
-

unclassified
16%

Ludvigsson,2017
Sw

eden
Pediatric

prevalent
cases

2010
n¼

1432
D
iagnosis

of
both

U
C
and

CD
/
any

diagnosis
of

IBD
-

unclassified
21%

Current
study,2018

Sw
eden

Incident
cases

1964–2014
<
18

yrs
n¼

9468,�
18

yrs
n¼

83,005
Incident:D

iagnosis
of

IBD
-U
/
both

U
C
and

CD
during

2
first

visits
Prevalent:Any

diagnosis
of

IBD
-U

or
m
ixed

diagnoses
and

no
CD

-related
codes

the
last

5
years

<
18

yrs:10%
�
18

yrs:8%
<
18

yrs:12%
�
18

yrs:8%

IC:indeterm
inate

colitis;ICD
:internationalclassification

of
disease;U

C:ulcerative
colitis;CD

:Crohn’s
disease;yrs:years.
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Å
.H

.EVERH
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V
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diagnoses
over

tim
e
in

the
Sw

edish
Patient

Register
and

to
dem

onstrate
how

alternative
definitions

b
ased

on
International

C
lassification

of
D
iseases

(IC
D
)
codes

affect
the

p
rop

ortions
of

C
D
,U

C
and

IBD
-U
.

M
eth

o
d
s

Setting

The
Sw

edish
health

care
system

is
tax

funded
and

offers
uni-

versal
access.

Prescrip
tion

drugs
are

p
rovided

free
of

charge
ab

ove
a

threshold
of

2200
SEK

annually
(ap

p
roxim

ately
200

e).
Patients

w
ith

IBD
are

typ
ically

diagnosed
and

treated
b
y
gastroenterologists

in
hosp

ital-b
ased

outp
atient

facilities.

D
ata

sources

The
N
ational

Patient
Register

holds
dates

on
hosp

ital
adm

is-
sions

since
1964,

w
ith

national
coverage

since
1987.

From
1997

and
onw

ard
surgical

day
care

p
rocedures,

and
since

2001,
nonp

rim
ary

outp
atient

p
hysician

visits
have

b
een

rep
orted

to
the

register.
Visits

to
general

p
ractitioners

(i.e.,
p
rim

ary
care

in
Sw

eden)
are

not
included.

M
ain

and
con-

trib
utory

diagnoses
are

coded
according

to
the

International
C
lassification

of
D
isease

(Tenth
Revision

since
1997,

IC
D
-10)

codes
and

assigned
b
y
the

treating
p
hysician

[47].
Surgical

p
rocedures

are
coded

according
to

an
adap

ted
version

of
the

N
O
M
ESC

O
C
lassification

of
Surgical

Procedures
[48,49].

The
Total

Population
Register

records
dates

of
em

igration
and

death
of

all
residents

in
Sw

eden
and

is
continuously

up
dated

[50].Linkage
w
as

p
ossib

le
through

the
unique

p
ersonal

iden-
tity

num
b
er,issued

to
all

Sw
edish

residents
[51].

Identification
of

patients

W
e

identified
a

cohort
of

individuals
b
ased

on
IBD

-related
IC
D

codes
from

the
Sw

edish
N
ational

Patient
Register

from
1

January
2002

to
31

D
ecem

b
er

2014.
The

definition
of

IBD
(list

of
IC
D

codes
used

in
Sup

p
lem

entary
Tab

le
S1)

required
tw

o
or

m
ore

inp
atient

or
nonp

rim
ary

outp
atient

care
visits

for
either

C
D
,
U
C

or
K52.3

(IBD
-U
)
[40,41,52],

w
hich

has
a

p
ositive

p
redictive

value
(PPV)

of
93%

(95%
confidence

inter-
val,

C
I,
87–97)

[46].
Follow

-up
started

on
the

date
of

the
first

IBD
diagnosis,

and
ended

on
the

date
of

death,
em

igration
from

Sw
eden,

or
31

D
ecem

b
er

2014,
w
hichever

cam
e
first.

W
e
restricted

our
analyses

to
p
atients

w
ith

IBD
onset

on
or

after
1
January

2002,
to

allow
for

at
least

one
year

of
w
ash

out,
during

w
hich

p
revalent

IBD
cases

w
ere

cap
tured

b
y
the

outp
atient

register
(Sup

p
lem

entary
Figure

S1).

C
odes

specific
for

C
rohn

’s
disease

Som
e
IC
D
-codes

are
considered

typ
ical

for
C
D
,
e.g.,

p
erianal

disease
and

sm
all

b
ow

el
disease,

and
som

e
surgeries

are
consequently

p
erform

ed
in

C
D

p
atients

and
not

U
C
p
atients,

e.g.,
p
erianal

surgery
and

sm
all

b
ow

el
surgery.

Earlier
studies

have
show

n
that

a
large

p
rop

ortion
of

p
atients

w
ith

C
D

later
undergo

surgery
[53].

W
e

investigated
the

occurrence
of

such
IC
D

and
surgical

p
rocedure

codes
in

p
atients

w
ith

C
D
,

U
C
,and

K523
(Sup

p
lem

entary
Tab

le
S2).

Statistics

W
e
com

p
ared

the
IC
D

codes
at

initial
diagnosis

in
relation

to
the

diagnosis
codes

assigned
at

the
follow

up
visits,

and
w
e

determ
ined

the
frequency

and
tim

ing
of

each
typ

e
of

change
in

IBD
sub

typ
e,

as
w
ell

as
the

num
b
er

of
changes

p
er

p
atient.

W
e
determ

ined
the

num
b
er

and
p
ercentage

of
visits

w
here

the
diagnosis

w
as

the
sam

e
as

the
starting

diagnosis
(the

p
atient

m
ay

have
had

different
IC
D
-codes

on
the

first
tw

o
visits

b
ut

b
oth

should
rep

resent
C
D
,
U
C
,
or

K52.3,
resp

ectively).
W
e
calculated

the
m
ean

p
ercentage

of
follow

-
up

tim
e,

and
the

m
ean

p
ercentage

of
num

b
er

of
visits,

at
w
hich

the
p
atient

had
the

sam
e
diagnosis

during
the

sub
se-

quent
visit

as
at

initial
diagnosis.

W
e

also
determ

ined
the

longest
sequence

of
visits

w
here

the
diagnosis

w
as

the
sam

e
as

the
initial

diagnosis.
W
e

calculated
the

p
rop

ortion
of

p
atients

w
ith

IC
D

codes
typ

ical
of

C
D

according
to

Sup
p
lem

entary
Tab

le
S2.

W
e
then

develop
ed

a
classification

m
odel

b
ased

on
all

inform
ation

availab
le

at
end

of
follow

-up
,

and
calculated

the
p
rop

ortions
of

C
D
,U

C
and

IBD
-U

at
differ-

ent
tim

e
p
oints

during
the

follow
-up

.
R

(version
3.3.2,

R
Foundation

for
Statistical

C
om

p
uting,

Vienna,
A
ustria)

w
as

used
for

statistical
calculations.

Ethical
approval

This
p
roject

w
as

ap
p
roved

b
y
the

Stockholm
Ethics

Review
Board

(2007/785-31/5;
2011/1509-32;

2014/1288-31/4;
2015/

0004-31;2015/615-32).

R
esu

lts

Betw
een

2002
and

2014,
4663

children
(<

18
years)

and
39,639

adults
had

�
2
IBD

diagnoses
in

the
Patient

Register.
M
edian

tim
e
b
etw

een
first

and
last

IC
D

code
for

IBD
w
as

3.9
(m

in-m
ax:0–13)

years.

C
hanges

in
IB
D

subtype
during

follow
-up:

descriptive
analyses

of
type,

tim
ing

and
frequency

Patients
w
ith

index
date

after
1

January
2002

(n¼
44,302)

had
in

total
484,049

in-
or

outp
atient

visits
w
ith

an
IBD

diag-
nosis,and

7930
(18%

)
of

p
atients

changed
sub

typ
e
diagnosis

coding
at

som
e
p
oint

during
follow

up
(17%

of
adult-onset

and
29%

of
childhood-onset

IBD
p
atients).

There
w
ere

407
(0.08%

)
visits

w
ith

m
ultip

le
diagnoses

on
the

sam
e

date
(referred

to
as

‘m
ixed

’diagnosis).
O
ut

of
all

visits
w
here

the
diagnosis

assigned
w
as

differ-
ent

from
the

p
revious

one,39%
of

changes
w
ere

from
U
C
to

C
D
,
33%

from
C
D

to
U
C
,
and

all
other

changes
w
ere

to
or

from
K52.3/m

ixed
diagnoses

(Figure
1).

A
m
ong

the
p
atients

w
ho

had
a

change
in

sub
typ

e
diagnosis

coding,
47%

changed
diagnosis

only
once,

31%
changed

diagnosis
tw

ice.
Som

e
had

3
(8%

),
4
(6%

),
5
(3%

),
or

6
(2%

)
changes,

and
a
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few patients (less than 1%) had more changes, up to a max-
imum of 28 changes (Figure 2).

For patients who had a diagnostic change at some stage
or any diagnosis of K52.3 (in total n¼ 8618), diagnoses of CD
and UC were fairly stable from one visit to the next, while
K52.3 or mixed diagnoses changed more frequently
(Supplementary Table S3, Supplementary Table S4). Among
all patients, 97% of visits with CD diagnosis were followed
by another visit with CD diagnosis, and the same was true
for UC. For K52.3, 67% of visits with an initial diagnosis of
K52.3 were followed by K52.3.

Occurrence of ICD-codes specific for CD

Occurrence of ICD codes considered specific for CD (perianal
and small bowel disease and surgery) was first investigated
in patients who never changed diagnosis. In patients with
only diagnostic listings of UC during follow-up around 2%
had small bowel resection, 4.3% of adults and 4.6% of chil-
dren had perianal surgery, and in total 6.6% of adults and

6.1% of children had any code considered typical of CD
according to Supplementary Table S2. In contrast, 28% of
adults and 22% of children with only diagnostic listings
of CD during follow-up had small bowel resection, 13% of
adults and 17% of children had perianal surgery, and 60% of
adults and 59% of children had at least one of the codes
considered typical of CD. Among patients with only K52.3
listings during the study period, 11% of adults and 10% of
children had small bowel resection at some time point, 13%
of adults and 16% of children had perianal surgery, and 34%
of adults and 36% of children had at least one code typical
of CD (Supplementary Table S5).

Rationale for the ‘prevalent’ classification

The majority of visits (67%) with a diagnosis of K52.3 were
diagnosed as K52.3 the next visit. Among patients with a
change of IBD subtype, most changed only once or twice,
and the most common change was from UC to CD and
occurred during the first 5 years of follow-up. ICD-codes con-
sidered typical of CD occurred frequently (60%) in patients
with only listings of CD, rarely in patients with only listings
of UC (7%), and in 34% of patients with only listings
of K52.3.

Based on these findings, we developed a ‘prevalent’ classi-
fication, defined at end of follow-up. The steps were:

1. Patients with only listings of CD were classified as CD
and patients with only UC were classified as UC.

2. Patients with any listing of K52.3 were classified as
IBD-U.

3. Patients who had a diagnostic shift between UC and CD
(or vice versa), but only one of the diagnoses during the
past 5 years were classified according to the diagnosis
that occurred during the last 5 years of follow-up (the 5
years preceding last IBD diagnosis).

4. Patients with both CD and UC diagnoses during the
past 5 years of follow-up were classified as CD if they
had any of the ICD-codes typical of CD listed in
Supplementary Table S2.

5. Patients with both UC and CD diagnoses during the
past 5 years of follow-up, who did not have any of the
ICD-codes typical of CD, were classified as IBD-U.

When applying the different steps of the definition we
observed the following:

1. Patients with only diagnosis of CD or UC remained CD
(n¼ 11,974, 27%) or UC (n¼ 23,669, 53%).

2. Patients with any diagnosis of K52.3 were classified as
IBD-U (n¼ 2317, 5%).

3. Patients who had a mix of UC and CD and no diagnosis
of K52.3 (n¼ 6312, 14%) were classified according to the
diagnosis that occurred during the last 5 years of avail-
able follow-up, which classified 965 (2%) as CD, and 887
(2%) as UC.

4. The remaining 4460 (10%) of patients with changes
between UC and CD, and who had both diagnoses in

Figure 2. Number of changes in inflammatory bowel disease (IBD) subtypes in
patients with incident IBD 2002–2014, who changed diagnosis at some point
during follow-up (n¼ 7930 out of 44,302).

Figure 1. Frequency and timing of each type of change in inflammatory bowel
disease (IBD) subtype since first IBD diagnosis in patients with incident IBD
2002–2014 who changed diagnosis at some point during follow-up (n¼ 7930
out of 44,302). A patient can contribute several types of diagnostic changes
and the same type of diagnostic change several times.
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the
p
ast

5
years,

w
ere

then
classified

as
C
D

if
they

had
any

of
the

IC
D

codes
related

to
C
D
.
This

step
classified

another
1227

(3%
)
p
atients

as
C
D
.

5.
The

3233
(7%

)
p
atients

w
ith

b
oth

U
C
and

C
D

diagnoses
in

the
p
ast

5
years

and
no

IC
D
-codes

typ
ical

of
C
D

w
ere

classified
as

IBD
-U
.

Im
pact

of
different

definitions
on

the
proportion

of
IB
D

subtypes

W
e
then

calculated
the

p
rop

ortion
of

p
atients

w
ith

C
D
,
U
C

and
IBD

-U
,
using

definitions
defined

at
start

or
at

end
of

fol-
low

-up
:

1.
The

classification
b
ased

on
only

the
first

tw
o
diagnostic

codes,
‘incident

definition
’(IBD

sub
typ

e
at

diagnosis).
2.

The
‘p
revalent’definition

(IBD
sub

typ
e
during

follow
-up

),
giving

w
eight

to
the

last
5
years

of
follow

-up
,and

incor-
p
orating

codes
sp
ecific

for
C
D
.

‘Incident’
definition

of
IB
D

subtype

W
hen

the
IBD

sub
typ

e
definition

w
as

b
ased

on
the

first
tw

o
diagnostic

listings
alone,

the
p
rop

ortion
C
D

in
adults

w
as

29%
,
U
C
62%

and
IBD

-U
10%

.
In

children,
the

p
rop

ortion
C
D

w
as

43%
,U

C
45%

,and
IBD

-U
12%

(Sup
p
lem

entary
Tab

le
S6).

W
hen

stratifying
for

year
of

onset,
the

p
rop

ortion
IBD

-U
increased

over
tim

e,
from

6%
2002–2005

to
11%

in
2006–2014

in
adults,

and
from

9%
to

14%
in

children,
com

-
p
aring

the
sam

e
tim

e
p
eriods.

‘Prevalent’
definition

of
IB
D

subtype

U
sing

the
‘p
revalent’

definition,
31%

of
the

adult
p
atients

w
ere

classified
as

C
D
,
58%

as
U
C

and
11%

as
IBD

-U
,
and

in
children

the
p
rop

ortion
C
D

w
as

44%
,
U
C

38%
and

IBD
-U

18%
(Sup

p
lem

entary
Tab

le
S7).

The
p
rop

ortion
IBD

-U
increased

over
tim

e
in

b
oth

adults
and

children.
The

p
rop

ortion
of

C
D

in
adult-onset

IBD
thus

increased
from

28%
to

31%
from

definition
at

start
of

follow
-up

(‘incident
definition

’)
to

definition
at

end
of

follow
-up

(‘p
revalent’

definition).
The

p
rop

ortion
adult-onset

U
C

decreased
from

62%
to

58%
from

start
to

end
of

follow
up

,
and

the
p
rop

ortion
IBD

-U
increased

from
10

to
11%

.In
child-

hood-onset
IBD

the
p
attern

w
as

sim
ilar

w
ith

an
increase

in
C
D

from
43%

to
44%

,
a
decrease

in
U
C

from
45%

to
38%

,
and

an
increase

in
IBD

-U
from

12%
to

18%
.

Sensitivity
analyses

A
s
a
sensitivity

analysis,
w
e

investigated
the

p
rop

ortion
of

p
atients

defined
as

C
D
,
U
C
or

IBD
-U

b
y
the

‘p
revalent’

defin-
ition

of
IBD

sub
typ

e,
defined

at
end

of
follow

-up
,
b
ut

used
different

lengths
of

look
b
ack

tim
e
(1,

2,
3,

10
and

15
years,

as
alternative

to
the

5
year

look
b
ack)

(Sup
p
lem

entary
Tab

le
S8).W

e
also

investigated
different

lengths
of

follow
-up

strati-
fied

for
year

of
onset

(Sup
p
lem

entary
Tab

le
S9).

W
hen

increasing
the

length
of

tim
e,on

w
hich

the
classification

w
as

b
ased,

the
p
rop

ortion
adults

classified
as

C
D

decreased
slightly

from
33%

after
1
year

of
look

b
ack

to
31%

after
15

years
of

look
b
ack.

The
p
rop

ortion
adults

w
ith

U
C
decreased

from
60%

using
a
1
year

look
b
ack

p
eriod

to
56%

using
15

years
look

b
ack,

and
the

p
rop

ortion
IBD

-U
increased

from
8%

using
1
year

look
b
ack

to
13%

using
a
15-year

look
b
ack.

In
childhood-onset

IBD
the

p
rop

ortion
C
D

decreased
from

47%
to

43%
,U

C
from

42%
to

34%
,and

IBD
-U

increased
from

12%
to

23%
w
hen

increasing
the

look
b
ack

p
eriod

from
1
to

15
years.
W
e
also

investigated
a
classification

b
ased

on
all

diagnos-
tic

codes,w
here

p
atients

w
ith

a
change

b
etw

een
C
D

and
U
C

diagnoses
or

K52.3
at

any
point

w
ere

classified
as

IBD
-U
,
‘any

m
ix

classification
’
(used

in
p
revious

Sw
edish

studies)
[40,41].

W
hen

p
atients

w
ith

any
diagnostic

shift,
or

occurrence
of

K
52.3

during
follow

-up
,
w
ere

classified
as

IBD
-U
,
the

p
rop

or-
tion

C
D

in
adults

w
as

26%
,
U
C

56%
and

IBD
-U

18%
,
and

in
children

the
p
rop

ortion
C
D

w
as

36%
,
U
C

34%
,
and

IBD
-U

30%
(Sup

p
lem

entary
Tab

le
S10).

D
iscu

ssio
n

In
this

study,
w
e

found
that

18%
of

p
atients

w
ith

IBD
changed

diagnosis
at

som
e
p
oint.

O
f
visits

w
ith

a
diagnostic

listing
of

C
D

or
U
C
,
97%

had
the

sam
e
diagnosis

at
the

next
visit,

and
67%

of
visits

w
ith

IBD
-U
-diagnosis

w
ere

follow
ed

b
y
another

IBD
-U

diagnosis.A
m
ong

those
w
ho

changed
IC
D
-

coding,
37%

changed
from

U
C

to
C
D
,
33%

from
C
D

to
U
C
,

and
30%

to
or

from
IBD

-U
,
and

m
ost

p
atients

changed
only

once
or

tw
ice.

For
the

sub
-classification

of
C
D
,
U
C
,
and

IBD
-U

in
register-

b
ased

studies,
w
e

p
rop

ose
tw

o
algorithm

s.
In

p
rosp

ective
cohort

studies,
w
here

w
e
w
ould

b
e
interested

in
exam

ining
the

im
p
act

of
IBD

on
the

risk
of

som
e
future

event,
w
e
p
ro-

p
ose

that
the

‘incident’
register-b

ased
classification

should
b
e
b
ased

solely
on

the
2
first

diagnostic
listings

(since
defin-

ition
of

exp
osure

in
any

p
rosp

ective
analysis

should
of

course
not

‘look
into

the
future’).

W
e

also
p
rop

ose
a

‘p
revalent’

definition
for

the
classification

of
IBD

sub
typ

e
at

end
of

follow
-up

,
giving

w
eight

to
diagnostic

codes
during

the
latest

5
years,

w
hile

also
incorp

orating
codes

sp
ecific

for
C
D
.

It
is

w
ell

know
n

that
som

e
p
atients

change
IBD

sub
typ

e
over

tim
e.

In
a
cohort

of
739

closely
follow

ed
IBD

p
atients,

H
enriksen

et
al.

[12]
found

a
change

in
diagnosis

in
9%

of
C
D

and
U
C
cases

after
5
years

of
follow

-up
.
In

the
latest

fol-
low

-up
of

the
Ep

iC
om

cohort
of

488
p
atients

diagnosed
at

W
estern

and
Eastern

Europ
ean

centers
in

2010,
18

p
atients

w
ith

initial
diagnosis

of
U
C

or
IBD

-U
had

their
diagnoses

changed
to

C
D

w
ithin

24
m
onths,

and
6

p
atients

initially
diagnosed

w
ith

C
D

received
a
new

diagnosis
of

U
C
,
i.e.,

5%
changed

diagnosis
w
ithin

2
years

[54].
In

our
study

the
p
ro-

p
ortion

of
adult

p
atients

w
ho

changed
diagnosis

w
as

sim
ilar:

59%
w
ere

initially
diagnosed

as
U
C
(using

the
‘incident

classi-
fication

’)
in

2006–2014,
w
hich

decreased
to

55%
b
ased

on
the

latest
5
years

of
follow

-up
(‘p

revalent
definition).

For
C
D

the
p
rop

ortion
w
as

29%
b
ased

on
initial

diagnosis,
and

31%
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b
ased

on
the

last
5

years
of

follow
-up

during
the

sam
e

tim
e
p
eriod.

W
hen

the
sub

classification
in

our
study

w
as

b
ased

on
all

availab
le

follow
-up

tim
e,

the
p
rop

ortion
of

adult
p
atients

w
ith

only
U
C
listings

2002–2014
w
as

56%
,
com

p
ared

to
62%

U
C
b
ased

on
the

first
tw

o
diagnostic

listings
(i.e.,6/62¼

9.7%
of

p
atients

initially
diagnosed

as
U
C

had
a
diagnosis

of
C
D

or
IBD

-U
at

som
e
p
oint

during
follow

-up
).
The

p
rop

ortion
of

p
atients

w
ith

only
C
D

listings
w
as

26%
,and

29%
w
ere

deter-
m
ined

as
C
D

b
ased

on
the

first
tw

o
diagnostic

listings
(i.e.,

3/29¼
10%

of
p
atients

initially
diagnosed

as
C
D

had
a
sub

se-
quent

diagnosis
of

U
C

or
IBD

-U
).
In

children
the

p
rop

ortion
w
ith

only
U
C

listings
over

the
entire

follow
-up

p
eriod

w
as

low
er

than
in

adults:
34%

(45%
b
ased

on
the

first
tw

o
diag-

nostic
listings)

and
36%

had
only

C
D

listings
(43%

b
ased

on
the

first
tw

o
diagnostic

listings).
In

other
studies,

23–84%
of

p
atients

w
ith

an
initial

diag-
nosis

of
IBD

-U
w
ere

later
classified

as
U
C

or
C
D

[9,12,24,31–33,55].
In

p
ediatric

p
atients,

a
system

atic
review

found
an

increase
in

diagnosis
of

C
D

over
tim

e,
and

a
decrease

in
IBD

-U
[7].

In
our

m
aterial,

the
p
atients

w
ith

list-
ings

of
K52.3

m
ost

com
m
only

had
sub

sequent
listings

of
K52.3.

H
ow

ever,
they

changed
diagnosis

m
ore

frequently
than

p
atients

w
ith

U
C

and
C
D
,
w
hich

is
a
reason

to
classify

p
atients

w
ith

any
diagnosis

of
K52.3

as
IBD

-U
.

In
this

study,
IBD

-U
increased

over
calendar

p
eriod

irre-
sp
ective

of
definition

(start
or

end
of

follow
-up

).W
hen

inves-
tigating

diagnoses
in

older
cohorts,

the
m
ost

ob
vious

exp
lanation

is
the

lack
of

IC
D
-code

for
IBD

-U
b
efore

1997,
how

ever,
the

increase
continued

also
after

1997.
O
ther

p
os-

sib
le

exp
lanations

include
increasing

register
coverage

and
continuous

im
p
rovem

ents
in

routines
around

diagnostic
cod-

ing,
w
hich

increases
the

num
b
er

of
diagnoses,

and
thus

the
risk

of
having

at
least

one
discrep

ant
diagnosis

(e.g.,
to

have
one

discrep
ant

diagnosis
out

of
four

diagnoses
is

less
likely

than
to

have
1
discrep

ant
diagnosis

out
of

20).The
diagnosis

of
U
C

or
C
D

is
b
ased

on
a
com

b
ination

of
endoscop

ic
and

histological
findings,

radiology
and

clinical
assessm

ent.
It
has

long
b
een

know
n
that

the
drugs

used
in

IBD
can

change
the

m
acroscop

ic
ap

p
earance

so
that

U
C

actually
looks

like
C
D

[56].
A
b
out

20%
of

p
atients

w
ith

C
D

only
have

colitis
[57],

and
classic

C
D

m
anifestations

such
as

strictures
and

trans-
m
ural

inflam
m
ation

are
less

com
m
on

in
the

colon
[58].

The
fact

that
the

sam
e
p
atient

m
ay

b
e
registered

w
ith

the
IC
D

code
for

U
C
,
C
D

and
IBD

-U
reflects

the
difficulties

seen
in

the
clinic

w
hen

deciding
the

m
ost

p
rob

ab
le

diagnosis,
as

noted
also

in
p
revious

studies
(Tab

le
1
and

Tab
le

2).It
is
also

p
ossib

le
that

the
disease

p
anoram

a
actually

has
changed,

p
otentially

due
to

a
change

in
risk

factors.
A
ccording

to
the

definition
of

IBD
-U

used
in

p
revious

Sw
edish

register-b
ased

studies,
all

IBD
-p
atients

w
ould

b
e

defined
as

IBD
-U
,
if

there
had

ever
b
een,

at
any

p
oint

in
tim

e
during

the
p
atients’

history
of

IBD
,
any

am
b
iguity

regarding
the

m
ost

ap
p
rop

riate
choice

of
diagnosis.

The
resulting

p
rop

ortion
of

IBD
-U

w
as

consequently
larger

(16%
in

adults
p
atients

[40])
than

rep
orted

from
other

studies
b
ased

on
IC
D
-codes

(�
4%

[37,39])
or

chart
review

s
(2

[18,20]
to

4%
[13]).For

p
ediatric

p
atients,the

p
revalence

of
IBD

-U
in

Sw
eden

w
as

rep
orted

to
b
e
21%

[41],
com

p
ared

to
a
10%

p
rop

ortion
IBD

-U
in

incident
p
ediatric

p
atients

in
C
anada

[36]
and

only
2%

in
the

relatively
sm

all
b
ut

w
ell

character-
ized

and
long-term

follow
ed

cohort
from

northern
Stockholm

[59].
W
hen

defining
all

p
atients

w
ith

diagnostic
changes

or
K52.3

as
IBD

-U
in

our
study,

the
p
rop

ortion
w
as

18%
in

adults
and

30%
in

children
during

2002–2014.
By

our
new

‘p
revalent’

IBD
sub

typ
e
definition,

the
p
reva-

lence
of

p
ediatric

IBD
-U

w
as

18%
,
w
hich

is
still

higher
than

in
adults,

and
higher

than
rep

orted
in

a
large

Europ
ean

cohort
study

at
end

of
follow

-up
:
5.6%

[32].
The

distinction
b
etw

een
C
D

and
U
C

can
at

tim
es

b
e

m
ore

challenging
in

p
ediatric

p
op

ulations
since

colonic
C
D

is
a

m
ore

com
m
on

[60].
In

adults,
U
C

is
m
ore

com
m
on

than
C
D
,
and

cases
of

U
C
m
ore

often
p
resent

as
left-sided

U
C
or

p
roctitis.

O
ur

choice
to

p
rim

arily
classify

p
atients

w
ho

only
had

a
m
ix

of
U
C
and

C
D
according

to
the

diagnostic
listings

am
ong

the
visits/hosp

italizations
that

occurred
during

the
m
ost

recent
5

years
is

a
m
odification

on
w
hat

has
b
een

done
b
efore

[42],
how

ever,
our

classification
is

stricter,
as

p
atients

w
ere

only
allow

ed
to

have
C
D

or
U
C
only

in
the

p
ast

5
years.

O
ne

of
the

m
ost

w
idely

used
algorithm

s,
develop

ed
b
y

Benchim
ol

et
al.

[61]
w
as

also
used

for
com

p
arison.

This
IBD

definition
requires

at
least

five
diagnostic

codes
for

IBD
w
ithin

4
years

in
adult

p
atients,

and
it
b
ases

the
sub

classifi-
cation

on
the

m
ajority

of
last

nine
diagnoses.

U
sing

the
Benchim

ol
classification,

only
38%

of
the

Sw
edish

IBD
p
op

u-
lation

could
accurately

b
e

classified
(data

on
request).

The
m
ost

likely
reason

w
hy

the
C
anadian

definition
cannot

b
e

used
in

Sw
edish

data
is
that

our
registers

do
not

include
p
ri-

m
ary

care,and
that

there
is
not

full
coverage

of
endoscop

ies
in

the
N
ational

Patient
Register,

a
fact

that
illustrates

the
dif-

ficulty
in

defining
international

generic
classification

schem
es

for
IBD

.
H
ealth

care
utilization

varies
b
etw

een
countries

and
differ-

ent
classification

algorithm
s
need

to
b
e
develop

ed
and

inves-
tigated

for
each

health
care

system
.
D
ifferent

registers
have

their
strengths

and
w
eaknesses

and
can

b
e
used

for
different

research
questions

[62].
In

p
atients

w
ho

change
diagnosis

the
‘true’

sub
typ

e
varies

over
tim

e.
The

tim
e
p
oint

at
w
hich

follow
-up

should
start

in
p
rosp

ective
studies

(w
hen

IBD
sub

-
typ

e
is
exp

osure)
is
m
ost

logically
date

of
first

diagnosis,
b
ut

–
in

p
atients

w
ho

change
diagnosis

–
an

alternative
is

to
start

follow
-up

at
the

date
of

diagnostic
change

and
to

cal-
culate

tim
e
at

risk
for

each
IBD

sub
typ

e
w
ithin

the
p
atient’s

follow
-up

tim
e.

In
m
ost

case-control-studies
w
e
w
ould

use
the

‘incident’
definition,

b
ut

in
a
study

w
here

the
‘true’

IBD
sub

typ
e
is

the
essential

outcom
e,it

w
ould

b
e
p
ossib

le
to

use
the

‘p
revalent’

IBD
classification,

defined
at

the
end

of
follow

-up
.
In

such
a

study,
the

choice
of

length
of

look
b
ack

p
eriod

w
ill

dep
end

on
w
hich

exp
osure

you
w
ant

to
study,

and
cases

and
con-

trols
need

to
have

the
sam

e
length

of
look

b
ack

p
eriod.

The
risk

of
b
eing

reclassified
w
ith

regard
to

IBD
sub

typ
e
w
ill

b
e

heavily
dep

endent
on

duration
of

follow
up

,
as

show
n

in
Sup

p
lem

entary
Tab

le
S8

and
S9.

C
D
-sp

ecific
codes,

such
as

C
D

of
the

sm
all

b
ow

el,
and

p
erianal

disease,
have

not
b
een

used
b
efore

in
a
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classification system of IBD. In other studies almost half, 47%,
of patients with CD have been reported to undergo intestinal
resection within 10 years of diagnosis [63], and 33% to
develop perianal disease [64], whereas in UC, surgery rates
are lower (16% after 10 years) [63]. Among the participants
in this study, 60% of the adult patients and 59% of pediatric
patients with CD who never changed diagnosis had one or
more of the CD-specific diagnostic codes, in comparison to
only 6–7% of the patients with UC. We therefore believe that
CD-specific codes can be used to distinguish patients with
probable CD.

A major strength of this study was the access to routinely
collected nationwide data with virtually complete coverage,
including surgeries. A limitation is the lack of data from pri-
mary care. However, patients with IBD in Sweden are usually
handled by gastroenterologists in hospital-based outpatient
clinics, and therefore it is unlikely that the addition of pri-
mary care would change our results in any major way. A
Swedish study showed that only 3% of prevalent IBD
patients in Stockholm had a primary care visit in 2013 with
IBD as a main diagnosis [65]. The CD-specific codes used in
our study do not exclude UC or IBD-U, nor do they exclude
other causes for surgery than IBD. There can be reasons
other than IBD for which a patient is subject to a surgical
procedure, and the use of surgical codes is a source of
potential misclassification. We did not validate the IBD diag-
noses against other sources of information, however, the
Swedish National Patient Register has a high validity with
PPV’s of 85–95% for most diagnoses [47]. The use of two
diagnostic listings in the National Patient Register has been
validated against patient charts with a PPV of 93% (95%CI:
87–97) for IBD [46].

Conclusions

Most patients with IBD in Sweden had the same subtype
over time, but 18% changed diagnoses at some point.
Among those who changed, 37% changed from UC to CD,
33% from CD to UC and 30% to or from IBD-U. The propor-
tion of patients with IBD-U was larger in children than in
adults and increased over calendar years in all age groups.
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