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Two waves of coeliac disease incidence in Sweden: a
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to 2015
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ABSTRACT

Objectives To assess the incidence of biopsy-verified
coeliac disease (CD) in Sweden and examine the
incidence of duodenal/jejunal biopsies with normal
mucosa over time as a proxy for CD awareness and
investigation.

Design Nationwide population-based cohort study
1990-2015 based on biopsy reports indicating villous
atrophy (VA) or normal mucosa in the duodenum/
jejunum.

Results We identified 44771 individuals (63% females)
with a biopsy report specifying VA and 412279 (62%
females) with a biopsy report indicating normal mucosa
(without a prior biopsy indicating VA). The median

age at diagnosis of CD was 28 years. The mean age-
standardised incidence rate during the study period was
19.0 per 100000 person-years (95% Cl 17.3 to 20.8).
The incidence reached a peak in 1994 for both sexes and
a second higher peak in 2002—-2003 for females and in
2006 for males. The lifetime risk of developing CD was
1.8% (2.3% in females and 1.4% in males).

Prior to 2015, there was a parallel rise in rates for
biopsies showing normal duodenal/jejunal mucosa.
Conclusions In Sweden, the incidence of CD increased
until 2002—2003 in females and until 2006 in males.
Since then, the incidence of CD has declined despite
increasing duodenal/jejunal biopsies, suggesting that
increased awareness and investigation are unlikely to
elevate the incidence of the disease in Sweden. Across a
lifetime, 1 in 44 females and 1 in 72 males are expected
to be diagnosed with CD in Sweden, indicating a
relatively high societal burden of disease.

INTRODUCTION
Coeliac disease (CD) is an immune-mediated
disorder characterised by small intestinal inflam-
mation and villous atrophy (VA).! CD constitutes
a substantial societal burden of disease owing to
its high prevalence (global prevalence of biopsy-
verified CD has been estimated at 0.7%7), its
chronic course, the association with increased
mortality’ and morbidity* (including lymphoma®),
restrictions in diet®” and psychosocial stress associ-
ated with lower quality of life.®

While there is an abundance of studies on the
prevalence of CD,” fewer large-scale studies are

,* Benjamin Lebwohl,* Mark S Clements,’
;> Peter HR Green,” Joseph A Murray @,

6

Significance of this study

What is already known on this subject?

= Coeliac disease (CD) is a common condition
linked to increased morbidity and mortality.
Figures on incidence, however, have varied.
Because of specific diagnostic procedures
and sometimes mild symptoms, awareness
and diagnostic resources may affect disease
incidence.

What are the new findings?

= Thanks to this study’s nationwide coverage,
we can present accurate data without the risk
of selection bias. Moreover, data on normal
biopsies provided context for our findings as
they reflect awareness and investigation of
CD. The large study population allowed us to
calculate a precise estimate of the lifetime risk
of being diagnosed with CD.

How might it impact on clinical practice in the

foreseeable future?

= Our results suggest that increased awareness
and level of investigation for CD in Sweden
are unlikely to impact incidence rates. This
knowledge may assist in deciding on allocation
of resources in the future.

available on disease incidence (online supple-
mental table S1). Temporal shifts in incidence are
important because they are unlikely to be caused
by genetic factors alone’ but can instead highlight
environmental risk factors, the impact of detection
strategies and avenues for intervention in the long
term.

Throughout the latter half of the 20th century
and into the 21st, Northern countries—particularly
Sweden, Finland and Norway—have seen some of
the highest incidence rates of CD.'""> However,
a recent systematic review has shown a consistent
trend of rising incidence throughout many indus-
trialised countries over the past several decades,
underlining an increased prominence of CD on a
global scale. While incidence itself has historically
been higher in children, diagnosis rates in adults are
increasing. Of note, some regions, such as Olmsted
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Coeliac disease

Table 1 Patient characteristics
Coeliac disease Normal mucosa
Total (n) 4477 412279
Female sex (%) 28037 (63) 254510 (62)
Age (years)
Range 0-95 0-100
Mean (SD) 32 (25) 44 (20)
1990-2000 32 (26) 44 (21)
2001-2008 32 (25) 45 (20)
2009-2015 32 (24) 44 (20)
Median 28 44
25th—75th percentile 9-53 27-60

County (USA),"* Canterbury (New Zealand)™ and the UK,'
have observed adult-specific rates to be the same or higher than
rates in children.!” Moreover, the average age at diagnosis within
paediatric populations is increasing in many countries.'® ¥ 1
Therefore, when estimating the incidence of CD and exploring
its trends over time in all ages it is crucial to consider these
demographic factors.

We retrieved data from all histopathology reports in Sweden
through the ESPRESSO study (Epidemiology Strengthened by
histoPathology Reports in Sweden).”’ Next, we calculated the
incidence of CD (defined as equal to VA in the duodenum or
jejunum) and the incidence of first biopsy with normal duodenal/
jejunal mucosa as a proxy for CD awareness and investigation.

MATERIALS AND METHODS

Setting

We contacted Sweden’s 28 pathology departments to request
that information technology (IT) personnel retrieve data on all
GI biopsies. Data were organised using the personal identity
number, a unique number assigned to all Swedish residents.!
Healthcare in Sweden is universal, tax-funded and based on the
principle of need.
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Figure 1 Age-standardised incidence rate of coeliac disease per

100000 person-years in Sweden 1990-2015. GAM, generalised additive
model.

CD and normal mucosa

In Sweden, the Systematised Nomenclature of Medicine
(SNOMED) system classifies GI biopsies. We asked IT personnel
at all pathology departments in Sweden to retrieve data on
duodenal/jejunal biopsies exhibiting VA or normal mucosa.
These were identified by codes either indicating CD (M58 with
subgroups, or the CD diagnostic code D6218) or normal mucosa
(SNOMED code M00100 or M00110). The latter group did not
include individuals with normal villi but mucosal inflammation.
Data collection took place between 12 October 2015 and 10
April 2017. Codes used to identify CD have been used in an
earlier study** encompassing 29000 individuals with VA (all
included in the current study). In that study, and in a later vali-
dation study,”® we found that the average small intestinal biopsy
report was based on three tissue specimens, that 95% of patients
with VA had a clinical diagnosis of CD, and that 172/180 (96%)
of Swedish gastroenterologists and 68/68 (100%) paediatricians
at the time performed a small intestinal biopsy in at least 9/10
individuals before diagnosis of CD. Some 79% of patients with
VA had GI symptoms before biopsy and 88% of individuals with
available data on coeliac-related antibodies were positive. To
complement the CD validation from 2009, one investigator
(JFL) manually reviewed the full text of 100 random biopsy
reports with VA originating from 2009 to 2017, yielding a posi-
tive predictive value (PPV) of 99% (95% CI 94% to 100%).>*

For this study, we retrieved data on age, sex and date of diag-
nosis. The first CD case was diagnosed in 1969, with the first
recorded normal mucosa occurring in 1965.

However, because the number of cases before 1990 was rela-
tively low, perhaps indicating an insufficient awareness of CD or
limited access to upper endoscopy, we excluded cases from 1969
to 1989. Data collection was considered incomplete for 2016—
2017 and therefore excluded from the analysis. We excluded all
patients aged =100 years (n=15) to minimise misclassification.
Finally, we excluded biopsy reports with normal mucosa occur-
ring after a biopsy with CD as such normal biopsies likely reflect
mucosal healing.

Patient and public involvement
No patient participated in the planning or design of this study.

Statistics
Incidence rates were age-standardised to the 2015 Swedish
population (accessible from Statistics Sweden, www.scb.se) to
control for changes in the population’s age structure. To facili-
tate comparisons, we also calculated age-standardised incidence
rates according to the 2013 European standard population
structure  (https://ec.europa.eu/eurostat/documents/3859598/
5926869/KS-RA-13-028-EN.PDF.pdf/e713fa79-1add-44e8-
b23d-5e8fa09b3£8f?2t=1414782757000) (online supplemental
eFigures 1 and 2). We calculated age-standardised incidence rates
per 100000 person-years and age-specific rates by sex. The age-
standardised rates were modelled using generalised additive and
join-point models using a Gaussian distribution with a log link,
weighting by the inverse variance of the rates. Age-specific rates
were also modelled using the same models (generalised additive
and join-point models) in which the outcomes were assumed to
be Poisson distributed, with a log link and a log of person-time
included as an offset. We examined whether the incidence rate
ratios (IRRs) varied by age and calendar period using generalised
additive models.

We also estimated the lifetime risk of having an endoscopy with
VA or normal appearance by calculating cumulative incidence up
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Figure 2 Age-standardised incidence rate of normal mucosa per
100000 person-years in Sweden 1990-2015. GAM, generalised additive
model.

to age 85. We based these calculations on the incidence rates of
the past 15 years of the study period.

We adopted a p value of <0.05 as a threshold for declaring
statistical significance for all statistical analyses. Statistical anal-
yses were performed using Stata V.14.2 (StataCorp) and R V.3.6.3
(R Core Team, Vienna, Austria 2020). The generalised additive
models used the mgev package and the join-point models used
the segmented package.”

Ethics

The Regional Ethics Board in Stockholm, Sweden approved the
study. Because this was a register-based study, the participants
were not contacted.*®
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Figure 3 Incidence ratio of coeliac disease to normal mucosa. GAM,

generalised additive model.

RESULTS

Background results

Between 1990 and 2015, we identified 44 771 individuals with
an incident diagnosis of CD. The median age at CD diagnosis
was 28 years, and 63% were females (table 1).

We also identified 412279 individuals with normal mucosa
in the duodenum/jejunum (hereafter referred to as ‘normal
mucosa’). Their median age at first normal biopsy was 44 years
(62% were females) (table 1).

Calendar period
Coeliac disease
We found two peaks in CD incidence in Sweden during the past
25 years. CD incidence increased until 2002-2003, with a peak
incidence rate of 29.7 (95% CI 28.1 to 31.3) per 100 000 person-
years for females and until 2006 for males (peak incidence 19.0
per 100000 person-years, 95% CI 17.7 to 20.3) (figure 1). An
earlier peak was observed in 1994 when incidence rates rose to
23.6 (95% CI 22.2 to 25.1) in females and 15.9 (95% CI 14.7
to 17.1) in males. Since the last peak, the overall incidence has
decreased slightly despite increasing duodenal/jejunal biopsies.
The mean annual age-standardised incidence rate during the
study period was 19.0 cases per 100000 person-years (95% CI
17.3 t0 20.8) (figure 1). Over the past decade of the study period,
the mean annual age-standardised incidence rate was 20.8 (95%
CI 17.9 to 23.7) per 100000 person-years. From 1990 to 1999,
the mean annual age-standardised incidence rate was 15.3 (95%
CI 13.1 to 17.5) per 100000 person-years. During the last
3years of the study, incidence declined.

Normal mucosa

During the entire study period, the mean annual age-standardised
incidence rate for having a biopsy with normal mucosa was 174.1
per 100000 person-years (95% CI 154.7 to 193.6) (figure 2).
The corresponding figure for 2006-2015 was 220.0 (95% CI
196.5 to 243.5). The incidence increased throughout the study
period with the exception of 2015 (figure 2). Stratifying on sex,
normal mucosa occurred more frequently in females with a mean
incidence rate of 213.8 (95% CI 116.8 to 241.6) throughout
the study period. The corresponding figure for males was 135.4
(95% CI 116.8 to 152.2).

The ratio of the age-standardised incidence of CD to the inci-
dence of duodenal/jejunal normal mucosa decreased in females
from 0.189 (95% CI 0.156 to 0.229) in 1990 to 0.082 (95%
CI 0.071 to 0.096) in 2015, and in males from 0.181 (95% CI
0.151 to 0.216) in 1990 to 0.071 (95% CI 0.062 to 0.083) in
2015 (figure 3).

Age

The mean age at CD diagnosis was 32 years (SD 25) for the
entire study period. Examining the periods 1990-2000, 2001~
2008 and 2009-2015 separately, the mean age was 32 years for
each period. Figure 4 displays age-specific incidence rates of CD
by 5-year age groups, with the highest rates seen in the youngest
(0 to <S5 years) children (females 72.0/100 000 (95% CI 70.0
to 74.1), males 39.7/100 000 (95% CI 38.3 to 41.2)). These
rates continued to decline until the age of 20, after which rates
in women continued to decline, but increased slightly in men to
age 80, after which both sexes declined. From the age of 60, age-
specific incidence rates were broadly similar between sexes. The
number of patients with CD, stratified by sex, per age group are
presented in the appendix (online supplemental tables S2 and
S3).
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Figure 4 Age-specific incidence rate of coeliac disease in Sweden
1990-2015. GAM, generalised additive model.

Age-specific incidence rates were highest in the first age cate-
gory (0 to <5 years). Online supplemental eFigures 4 and 5
show age-specific incidence rates for all age groups, stratified by
sex, for both CD and normal mucosa, across the study period.
Interestingly, the two-wave pattern seen in the overall age-
standardised incidence rates (figure 1) was observed only in the
youngest age category (0 to <5 years).

Examining rates for children 0 to <2and 2 to <5 years sepa-
rately, we found higher rates in the younger population (0 to <2
years), with 104.6/100 000 (95% CI 100.8 to 108.5) person-
years in girls and 57.9/100 000 (95% CI 55.2 to 60.8) person-
years in boys. These figures can be compared with 50.6/100 000
(95% CI 48.4 to 52.8) person-years in girls and 27.7/100 000
(95% CI 26.2 to 29.3) person-years in boys in the age group 2
to <5 years. Corresponding figures for normal mucosa were:
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Figure 5 Age-specific incidence rate of normal mucosa in Sweden
1990-2015. GAM, generalised additive model.

80.0/100 000 (95% CI 76.7 to 83.4) person-years in girls and
84.8/100 000 (95% CI 81.5 to 88.2) person-years in boys aged
0 to <2 years and 44.7/100 000 (95% CI 42.7 to 46.8) person-
years in girls and 58.5/100 000 (95% CI 56.3 to 60.8) person-
years in boys aged 2 to <35 years.

The mean age at first biopsy with normal mucosa was 44 years
(SD 20). The age at first biopsy was similar throughout the study
period. Figure 5 shows age-specific incidence rates of normal
mucosa by S-year age groups and that females had more biop-
sies than males. The incidence rate of normal mucosa peaked in
women about age 20 (300-350/100 000 person-years) and then
gradually decreased until age 80 (160/100 000 person-years),
after which there was a dramatic decline. Men’s incidence rates
increased rapidly but to a lower level (approximately 160/100
000 person-years). They then continued to increase more slowly
to the age of 80, after which there was a decrease similar to
that in women. The number of patients, stratified by sex, with
normal mucosa per age group are presented in the appendix
(online supplemental tables S4 and S5).

The ratio of age-specific incidence of CD to the incidence
of duodenal/jejunal normal mucosa was approximately 1.5 in
females and 0.6 in males for infants. After that, the IRR decreased
to 0.08 in females and 0.06 in males at about age 20 (online
supplemental eFigure 3). The age-specific incidence ratios then
stayed at this level throughout life.

Sex

The incidence of CD was higher in females, who made up 63% of
all cases, yielding a female/male age-adjusted IRR of 1.42 (95%
CI 1.38 to 1.45). Figure 4 depicts age-specific rates stratified by
sex. We found compelling evidence that the IRR between sexes
varied with age (p<0.001) and that the IRR between females
and males decreased with age.

Similarly, we found a higher incidence for normal mucosa in
females, with a female/male age-adjusted IRR of 1.54 (95% CI
1.53 to 1.55). The IRR varied significantly by age (p<0.001)
with attenuation in the younger (<10 years) and older (>65
years) age groups.

When adjusting for calendar period, we observed a female/
male IRR of 1.75 (95% CI 1.70 to 1.79) in individuals with CD.
We found convincing evidence (p<0.001) that the IRR between
sexes varied by calendar period, with decreasing ratios at the
beginning and end of the study period.

In the group having a normal mucosa, adjustment for calendar
period yielded a female/male IRR of 1.58 (95% CI 1.56 to 1.59).
We found evidence (p<0.001) that the IRR between sexes varied
by calendar period, with the gap between sexes growing continu-
ously throughout the study period, except for the last year.

Cumulative incidence

The lifetime risk of developing CD was 1.8% (95% CI 1.8% to
1.8%). Stratified by sex, the lifetime risk was 2.3% in females
(95% CI 2.3% to 2.3%) and 1.4% in males (95% CI 1.4% to
1.4%).

DISCUSSION

This nationwide population-based cohort study demonstrated
an age-standardised incidence rate of 19.0/100 000 person-
years from 1990 to 2015. Incidence rose appreciably in the early
1990s, reaching a peak for both sexes in 1994. After an initial
decline, even higher incidence rates were seen in 2002-2003 in
females and in 2006 in males. Finally, during the last decade of
the study period, the mean annual age-standardised incidence
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Coeliac disease

rate was 20.8 per 100 000 person-years. These changes over time
may be due to a combination of environmental factors and diag-
nostic trends. The downward trend observed in the last 3 years
of the study period may in part reflect the implementation of
new biopsy sparing diagnostic criteria (ESPGHAN, introduced
to children in 2012 in Sweden?’). In contrast, the prevalence of
normal biopsy increased during the study period, except for the
somewhat lower incidence rates in 2015. This finding suggests
that the temporal pattern of CD was moderately independent
of the level of CD investigation, as reflected by normal mucosa
incidence.

As expected, we found higher incidence rates of CD in females
than in males. However, it is striking that the graphs depicting
the age-specific incidence rates (figure 4) in males and females
follow each other, suggesting that similar factors are in force in
both sexes.

Comparison with previous literature

One Swedish study demonstrated a stabilised CD incidence in
Swedish children since the early 2000s,*® but that study was
limited to children and ended follow-up in 2009. Our study’s
plateauing incidence is supported by similar findings from the
past 15 years in Finland in an adult population.’* Trends in
Italy, the USA (children) and the UK also showed signs of stabi-
lising diagnosis rates.””=! One potential explanation for these
patterns is that clinically identifiable CD approaches the actual
occurrence of CD in some areas with high disease prevalence.
However, this pattern is not universal, as even certain regions
within the UK show a constant increase despite high incidence.
For example, data from Southeast Scotland have shown a 13.0%
increase in paediatric CD incidence per year since 1990, with
the most recent estimate in 2016 at 36.0 per 100000 person-
years."” 3

Of additional interest is the contrast with Denmark, a
geographically and demographically similar nation to other Scan-
dinavian countries. When considering historical patterns and
even more recent estimates (eg, 15.2 per 100000 person-years
in 2015-2016),* CD incidence in Denmark has been compara-
tively lower than in Sweden. Regardless, nationwide rates have
been consistently increasing from 1980 to 2016 by about 8.0%
per year. Estonia, another country close in proximity, has seen
comparatively low incidence rates in the paediatric population
(eg, 3.1 per 100000 person-years in 2006-2010). However,
these rates have also been increasing at approximately 8.0%
per year since 1976.'8 Therefore, it is important to continue
following trends in areas with high but stabilising and low but
increasing incidence rates. Such an endeavour may uncover addi-
tional clues in disease aetiology and help assess targeted health-
care efforts to improve CD detection. Although separated in
time, the increases are similar in degree, suggesting the gradual
spread of some environmental factor(s) from one geographic
area to another. Alternatively, the rate of normal mucosa was
not reported in these studies, underscoring the extent to which
underdiagnosis of CD remains unknown (and therefore may
partly explain the comparatively lower estimates).

Interestingly, we found two incidence peaks during the study
period, the first occurring in 1994 and the second in 2002-2003
in females and 2006 in males. A similar pattern was observed
among Swedish children aged 0-1.9 years in a 2014 study®®
suggesting a varying influence of unknown risk factors over time.
This finding is corroborated by our results (online supplemental
eFigure 4) where the youngest children, 0 to <5 years, was the
only age group where the two-wave pattern seen in the overall

age-standardised incidence rates was clearly observed. A 2009
Swedish paper found that patients born during the Swedish CD
epidemic of the early 1990s had an increased risk to develop CD
later in life.** The authors of the latter study®* concluded this
could be related to the practice of introducing gluten without
concomitant breast feeding which was the recommendation
at the time. It is possible that the second CD incidence peak
(early-mid 2000s) might be due to the development and use of
tissue transglutaminase antibodies,” later followed by a decline
due to a saturation in diagnosis of patients with a high likeli-
hood of CD. However, of note, the following decrease in CD
incidence was not paralleled by a decrease in normal mucosa
incidence.

Our study shows that CD is not just a disease of the young.
Already in 2009,”* we presented data showing that the median
age at first diagnosis of CD (defined by first small intestinal
biopsy with VA) was 30 years, with 6/10 patients diagnosed
beyond childhood. Still, the current study revealed large differ-
ences in CD incidence by age. This finding is not surprising
given that research has indicated that changes in infant feeding
recommendations affect the risk of CD primarily in childhood.*®
In 1985-1987, the CD incidence in children <2 years of age
increased dramatically in Sweden to 200-240/100 000 person-
years and then declined in 1995 to 50-60/100 000 person-years.
No comparable change was seen in children aged =2 years.
In contrast to the Ivarsson et al study,*® which was based on a
subset of the Swedish child population and included retrospec-
tive data from 1973 to 1990 from some paediatric departments,
our data were nationwide and prospectively recorded. Still, our
data were limited to computerised data in which some pathology
departments were fully computerised only in the mid-late 1990s.
All these factors may have contributed to differences between
studies.

Other factors may also have affected the incidence of CD.
For instance, antibiotic use has been linked to later CD.?” In
January 2014, the Stockholm County Council introduced rota-
virus vaccination in infants, a practice later followed by other
Swedish regions. While earlier data on the role of rotavirus and
gastroenteritis for CD development is inconsistent,”® *° it was
beyond the current study’s scope to explore the impact of rota-
virus vaccination on CD incidence. During the study period,
smoking fell sharply in Sweden. Between the late 1980s and
2016, the proportion of adults in Sweden who reported daily
smoking decreased from 27% to 11%.%" Some data suggest that
smoking protects against CD*' (and cessation could thereby
drive an increase in incidence), but data from Sweden show no
clear inverse association.*” * It is outside the scope of this study
to link changes in incidence to specific risk factors, but it may
produce testable hypotheses.

Strengths and limitations

We used nationwide data from Sweden’s 28 pathology depart-
ments to calculate age-specific incidence rates for CD over 25
years. It is crucial for representative data that incidence data
do not originate from tertiary centres or areas with special
interest in CD (because diagnosis is not always evident and
the condition may go undiagnosed for many years). A second
strength is our comparison with normal mucosa. To our knowl-
edge, this comparison has not been previously made and it puts
CD incidence in context. This perspective is important when
studying CD, given that individuals can remain undiagnosed,
sometimes for their entire life. The initial increase of CD may
largely be due to increased awareness and investigation and
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CD screening of high-risk groups has increased in the past
decades.**

Still, other factors are likely to have played a role. For
instance, screening for CD over time has revealed a real increase
in several countries.®® *® Also, the incidence plateau just after
2002, despite increasing investigation of CD (as reflected in the
increased biopsy rates showing normal mucosa), suggests a real
change in incidence.

We had a follow-up of 25 years, allowing us to discern several
temporal shifts in CD not likely to be due to administrative and
diagnostic changes.

We defined CD as having small intestinal VA (Marsh III). This
definition has high specificity. In a patient chart review 108/114
individuals with VA had CD, yielding a PPV of 95%.% The
high PPV was confirmed in a review of free text biopsy reports
from 2009 to 2017.%> Of individuals with available data on CD
serology, 88% had positive serologies at the time of diagnosis,
similar to the 89% (n=166/187 tested) in the incidence study in
Olmsted County.'*

Our study has a high sensitivity for diagnosed CD, at least
until 2012. In our validation study, 172/180 (96%) interviewed
Swedish gastroenterologists and 68/68 (100%) paediatricians
performed a small intestinal biopsy in at least 9/10 individuals
before the diagnosis of CD.* Following recommendations
from ESPGHAN,” the Swedish Society of Pediatrics adopted
an option to diagnose CD without biopsy in selected children
with a diagnosis in 2012. Considering the incidence of CD and
normal mucosa in children <5 years, which both declined from
2012 (online supplemental eFigures 4 and 3), it seems that the
non-biopsy option has gained popularity in recent years among
Swedish paediatricians. This conclusion is corroborated by a
2019 questionnaire study that found that 86% of the partici-
pating clinics avoided endoscopy in children presenting with
symptoms typical for CD and highly positive serology.”” We
therefore urge caution when interpreting the incidence data
of children beyond 2012. Also, this may, in part, explain the
decreasing overall incidence of CD observed 2013-2015.

In the past decade, small intestinal inflammation without VA
(Marsh I-1I) in individuals with positive CD serology has also been
accepted as evidence of CD by some physicians and researchers.
We decided not to include inflammation in our definition of CD
as this would distort the incidence patterns over time. Naturally, if
patients with milder mucosal aberrations are diagnosed as having
CD, this will increase the societal burden but may reduce the
average burden of disease in patients (some of whom do not have
VA). The risk of future complications in CD differs by underlying
histopathology and, for instance, patients with inflammation have
a lower risk of lymphoproliferative malignancy than those with
VA.*® Had we used physician-assigned diagnoses of CD for our
incidence study, an increase could have been expected just because
of a change in disease criteria over time.

Our study did not include undiagnosed CD. Also, there is
evidence to suggest that CD is a condition that remains largely
undetected.*” Only universal testing can ascertain all such cases,
and would lead to an even higher incidence than what we have
shown. Except for limited regional investigations,’® there has
been no large-scale screening study in Sweden that would have
had impact on nationwide incidence rates. The findings from this
study could indicate that in Sweden, the gap between diagnosed
and undiagnosed CD has narrowed. Furthermore, the trends in
incidence rates among other countries with high awareness and
diagnostic capabilities will be important to gain further under-
standing of how these factors play a role in unmasking undiag-
nosed cases. Other limitations are that we did not have complete

information on biopsies from birth to death in all individuals and
neither did we have access to data on the total number of endos-
copies which may, primarily, have affected the numbers of normal
mucosa if the physician ruled out CD based on a visual inspection
only. Neither did we have information on the indication for the
biopsies.

To enable international comparisons with our data, we calcu-
lated age-standardised incidence rates based on the 2013 European
age-standardised rates.

Finally, we cannot rule out the possibility that the decrease in
2015 in normal mucosa incidence is marginally artificial. Although
we should have almost complete data in that year, the decrease did
not start in 2012-2013 with the change in childhood diagnostic
criteria but only in 2015. The decrease in 2015 may be due to
insufficient reporting. Patterns in normal mucosa compared with
the incidence of CD may also be influenced by the age distribution
of these two groups: individuals in our study diagnosed with CD
were relatively younger than those found to have normal mucosa.
In recent years, older individuals have higher biopsy rates, but due
to a lower probability of CD diagnosis compared with children, the
incidence of CD appears to be stabilising. However, we cannot rule
out some biopsy avoidance in the elderly, which will drive down
the incidence rates in this population.

In conclusion, we found two waves of CD incidence in Sweden
during the past two-and-a-half decades. The incidence increased
until 2002-2003 for females and until 2006 for males, with an
earlier peak around 1994. Since then, the overall incidence has
slightly decreased, despite an increasing number of duodenal/
jejunal biopsies, suggesting that increased awareness and histologic
study of CD are unlikely to increase the incidence of CD in Sweden
at this stage. The age-specific incidence rates by calendar period
suggest that the observed two-wave pattern of CD incidence is
driven by children aged 0 to <35 in that the first wave was clearly
observed only in this age group. Across a lifetime, 1 in 44 females
and 1 in 72 males in Sweden are expected to be diagnosed with
CD.
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Table S1. Celiac disease incidence studies with time period of 10 years or more

Study Country Study Study Nation  Annual incidence data No. CD Incidence per 100,000 person-yrs (95%Cl) Age- and sex
period population wide presented cases stratified rates

Study period ending -2010

Midhagen 1988 Sweden 1976-1986  Adults No No 129 8.7(7.2-10.2) + No

Sher 1993 UK 1975-1989  All ages No Incidence at 5-yr intervals 106 2.5(2.0-3.0) + Age but not sex

Bode 1996 Denmark 1976-1991  Adults No Yes 101 1.3(1.0-1.6) = Yes

Jansen 1993 Netherlands 1976-1992  All ages Yes 1975-1991 1622 0.6 (0.57-0.63) + No

Vukavic 1995 Serbia 1980-1993  Children No No 201 3.5(3.0-4.0) + No

Collin 1997 Finland 1975-1994  Adults No Incidence at 5-yr intervals 368 9.7 (8.7-10.7) £ No

Hawkes 2000 UK 1981-1995  All ages No Incidence at 5-yr intervals 137 2.2(1.8-2.6) Age but not sex

Cook 2004 New Zealand 1970-1999  All ages No Yes 416 3.7(3.3-4.1) Age but not sex

Lopez-Rodriguez Spain 1981-1999  Children No No 157 10.6 (8.9-12.3) £ Age but not sex

2003

Murray 2003 us 1950-2001  All ages No No 82 2.1(1.7-2.6) Yes

Fowell 2006 UK 1993-2002  All ages No Incidence at 2-yr intervals 137 8.7 (7.4-1.0.1) Age but not sex

Collin 2007 Finland 1980-2003  Adults Yes Incidence at 5-yr intervals 18,538# 15 (estimated from Figure 1) No

Hurley 2012 UK 1996-2005  All ages No Incidence at 5-yr intervals 347 8.1(7.3-8.9) Age but not sex

McGowan 2009 Canada 1990-2006  Children No No 266 § 5.2 (4.5-5.9) + No

Rajani 2010 Canada 1998-2007  Children No Yes 158 6.5 (5.5-7.5) = No

Fernandez 2010 Spain 1986-2008  Adults No No 68 2.0 (1.5-2.5) No

White 2013 Scotland 1990-2009  Children No No 266 5.6 (4.9-6.3) + No

Dydensborg 2012 Denmark 1996-2009  Children Yes Yes 1188 7.1(6.7-7.5) No

Ress 2012 Estonia 1976-2010  Children Yes Incidence at 5-yr intervals 152 1.12 (0.94-1.31) Age but not sex

Ludvigsson 2013 us 2000-2010  All No Yes 249 17.4 (15.2-19.6) Yes

Namatovu 2014 Sweden 1973-2010  Children Yes * Yes 9107 25 (estimated) Age but not sex

2004-2009: 42

Beitnes 2013 Norway 2000-2010  Children No Two 3-year time periods 400 31.4(28.3-34.5) £ No

Burger 2014 Netherlands 1995-2010  All ages Yes Incidence at 5 time points 4014 5.0 (4.85-5.15) Q Yes

Study period ending 2011-

West 2014 UK 1990-2011  All ages Yes Yes 9,087 13.8 (13.5-14.1) Yes

Zingone 2013 UK 1993-2012  Children Yes Incidence at 5-yr intervals 1247 11.9 (11.2-12.5) Yes
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Tapsas 2015 Sweden
Kivela 2015 Finland
Almalloouhi 2014 us

Virta 2017 Finland
Grode 2018 Denmark

Van Kalleveen 2018 Netherlands

Stroud 2019 UK
Bergman 2020 Sweden
(current study)

1973-2013
2001-2013
2000-2014
2005-2014
1980-2016

2007-2016
1993-2017
1990-2015

Children
Children
Children
Adults

All ages

Children
All ages
All ages

No
No
No
Yes

Yes

No
No

Yes

Yes
Yes
Yes
Incidence at 2-yr intervals

Incidence at 5-yr intervals

No
Incidence at 5-yr intervals

Yes, plus incidence of
normal duodenal/jejunal
mucosa

1030
N/A
100
12,8474
11,802

105
802
44,771

28.2(26.5-29.9)

44.0" (estimated from Figure 2)
17.4 (14.0-20.8)

31(30-32)

5.9 (5.8-6.0)

21.1(17.5-25.2)
12.8 (11.9-13.7) +

CD: Incidence: 19.0 (17.3-20.8)
Normal mucosa: Incidence: 174.1 (154.7-193.6)
CD: Lifetime prevalence 2.3% in women and 1.4% in men

Age but not sex
No
Yes
Yes

Yes

Sex but not age
No

Yes

Abbreviations: CD=Celiac disease. UK=United Kingdom. US = United States.

* Up until 1990 based on five counties covering 15% of the Swedish population. Estimated coverage 1991-1997: 40%. Nationwide from 1998. # Includes patients who only have a diagnosis of dermatitis
herpetiformis.# This number (18,538) may represent the prevalent number of celiac disease patients rather than the incidence number. § The number of incident celiac disease patients during the two

study periods that were compared was actually 235.

+ The overall incidence data and/or 95% confidence intervals were retrieved from JA King et al. Incidence of Celiac Disease Is Increasing Over Time: A Systematic Review and Meta-analysis. Am J
Gastroenterol. 2020 Apr;115(4):507-525.

A Based on serological positivity (TTG or EMA)
Q incidence calculated based on raw numbers in the Table of Burger et al.
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Appendix:

Table S2. Number of patients with celiac disease (CD)and total population per age-group

throughout the study period (women)

Age group (years) | CD Population
0-4 4903 6807484
5-9 2654 6800592
10-14 2167 6783415
15-19 1986 6998959
20-24 1803 7356953
25-29 1592 7613630
30-34 1526 7721108
35-39 1432 7841025
40-44 1458 7952554
45-49 1370 7991611
50-54 1336 7580420
55-59 1180 7085633
60-64 1224 6606337
65-69 1075 6093861
70-74 933 5426959
75-79 768 4725717
80-84 456 3816833
85-89 148 2458612
90-94 25 1046497
95-99 1 238775
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Table S3. Number of patients with celiac disease (CD) and total population per age-group

throughout the study period (men)

Age group (years) | CD Population
0-4 2852 7181631
5-9 1532 7169238
10-14 1487 7152400
15-19 869 7398402
20-24 529 7684611
25-29 603 7966847
30-34 709 8083689
35-39 752 8171997
40-44 721 8241225
45-49 834 8255455
50-54 942 7772194
55-59 984 7152683
60-64 1009 6487956
65-69 949 5728812
70-74 806 4730401
75-79 655 3658125
80-84 345 2507779
85-89 141 1289820
90-94 14 413575
95-99 1 66480
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Table S4. Number of patients with normal mucosa and total population per age-group

throughout the study period (women)

Age group (years) | Normal mucosa Population
0-4 3998 6807484
5-9 2619 6800592
10-14 4385 6783415
15-19 16419 6998959
20-24 24641 7356953
25-29 21488 7613630
30-34 19218 7721108
35-39 19118 7841025
40-44 20506 7952554
45-49 21241 7991611
50-54 19197 7580420
55-59 17987 7085633
60-64 16263 6606337
65-69 14870 6093861
70-74 12646 5426959
75-79 10421 4725717
80-84 6496 3816833
85-89 2540 2458612
90-94 422 1046497
95-99 34 238775
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Table S5. Number of patients with normal mucosa and total population per age-group
throughout the study period (men)

Age group Normal mucosa Population
0-4 4952 7181631
5-9 2864 7169238
10-14 4137 7152400
15-19 8068 7398402
20-24 11191 7684611
25-29 12143 7966847
30-34 12056 8083689
35-39 12122 8171997
40-44 11755 8241225
45-49 11908 8255455
50-54 11690 7772194
55-59 11691 7152683
60-64 11355 6487956
65-69 10213 5728812
70-74 8592 4730401
75-79 6924 3658125
80-84 4282 2507779
85-89 1561 1289820
90-94 252 413575
95-99 12 66480
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