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Abstract 

Soran Rabin Bozorg (2022): Various Aspects in Gastrointestinal Disease. 
Örebro Studies in Medicine. 

Introduction: Recent years have seen significant research advances 
within the gastroenterological field. Some of these consist of the recogni-
tion of serrated polyps as a precursor to colorectal cancer, and the reali-
zation of the health economic burden associated with gastrointestinal 
diseases. 

Aim: In this thesis, we aim to validate the specificity of serrated 
polyps in the ESPRESSO cohort (Paper I). We also aim to estimate work 
loss in patients with celiac disease, including the temporal relationship of 
work loss before and after diagnosis (Paper II). 

Method: By using the ESPRESSO cohort, we collected data on pa-
tients with serrated polyps and patients with celiac disease. In Paper I, 
the specificity of serrated polyps in the ESPRESSO cohort were validated 
by a structured retrospective review of patient chart. In Paper II, we 
estimated work loss in patients with celiac disease as compared with 
general-population comparators matched on age, sex, county of resi-
dence and year of diagnosis. 

Result: The presence of a serrated polyp was confirmed in 101 out of 
106 individuals identified through the ESPRESSO cohort, yielding a 
positive predictive value of 95% (95% confidence interval: 89-98%). 
Patients with celiac disase had 42.5 lost work days as compared to 28.6 
days in comparators (mean difference, 14.7; 95% confidence interval, 
13.2-16.2), corresponding to a relative increase of 49%.  Excess work 
loss in patients with celiac disease was observed even 5 years before 
diagnosis and remained eleveated during the years after diagnosis this 
loss. Notebly, the excess work loss was concentrated to a small propor-
tion while most celiac patients did not have any work loss before or after 
diagnosis. 

Conclusion: The ESPRESSO cohort has a high specificity for serrated 
polyps. Patients with celiac disease miss more work days than the gen-
eral population even before diagnosis, and this loss persists after diagnosis.

Keywords: Serrated polyp, sessile serrated lesion, validation, celiac disease, 
sick leave, cost, economic burden, health economics 

Soran R. Bozorg, Faculty of Medicine and Health, School of Medical 
Sciences. Örebro University, SE-701 82 Örebro, Sweden 
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INTRODUCTION 
 
Recent years have seen research within gastrointestinal diseases 
accelerate. Methodological advances have allowed scientists to 
discover new molecular pathways within colorectal cancer 
pathophysiology, while the use of big data has enabled large-
scale studies on epidemiological and health economic outcomes 
to investigate the burden of gastrointestinal diseases from a so-
cietal perspective. 
 
This thesis has maintained a wide scope on gastrointestinal dis-
ease and encompasses both epidemiological studies on serrated 
polyps (Paper I), a recently recognized precursor of colorectal 
cancer, and health economic studies on celiac disease (Paper II).  
 
 
  

Figure 1. Illustration of the Human Digestive System including the Small and Large Intestine. 
Reprinted and modified from iStock by Getty Images, license acquired (order number 2080950080, iStock.com/myboxpra, Photo-ID: 299876526). 
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BACKGROUND 

Serrated polyps 
Colorectal cancer (CRC) is the fourth most common cancer in 
the world, as well as the second leading cause of cancer death 
overall.(1) It kills around 900,000 people annually, accounting 
for 9.2% of cancer-related deaths worldwide.(2) Most cases of 
CRC originate from identifiable precursor lesions, namely epi-
thelial polyps in the colorectum.(3) Historically, colorectal 
polyps were classified as either hyperplastic or adenomatous, 
with the latters believed to be the main precursor of CRC, 
whilst hyperplastic polyps were believed to be completely be-
nign and without any malign or neoplastic potential.(4) 
 
Although adenomatous polyps (now referred to as conven-
tional adenomas) remain the principal precursor of CRC, re-
cent research has shown that HPs are, in fact, a heterogeneous 
group that are primarily characterized by its saw-toothed ap-
pearance of colonic crypts. This group is now referred to as 
serrated polyps (SP) and is commonly divided into hyperplastic 
polyps (HP), traditional serrated adenomas (TSA) and sessile 
serrated lesions (SSL). Out of these, recent evidence suggests 
that TSA and SSL harbor malignant potential.(5) The cancers 
arising from serrated polyps are thought to develop through an 
alternative sequence known as the serrated pathway.(6) Cur-
rent research suggests that serrated pathway cancers may ac-
count for 15-30% of all CRC cases, being significantly over-
represented in interval cancers.(7) Recognizing the importance 
of the serrated pathway to the overall CRC burden has estab-
lished SPs, and SSL in particular, as an increasingly important 
topic for future research. 

Historical remarks 
The notion of HPs as benign polyps began to be questioned in 
the 1980s as several reports of CRC arising in patients with HP 
were published.(8, 9) This literature has been reviewed by 
Chow et al. (10), most of which consisted of small case obser-
vations showing CRC in up to 50% of the patients with HPs. 
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During the 1990s, the term serrated adenoma was coined by 
Longacre and Fenoglio-Presier (11) to describe a polyp with a 
histologically similar appearance to HPs, but with cytological 
dysplasia inconsistent with the benign nature of HPs. This 
added to the growing evidence challenging the belief that HPs 
were homogenous and benign. Furthermore, in a paper pub-
lished in 1996, Torlakovis and Snover (12) identified another 
subtype of serrated polyps distinguished from ordinary HPs by 
its large size and proximal location. These reports are generally 
considered to be the first descriptions of TSA and SSL respec-
tively, although this nomenclature was not adopted until intro-
duced in a report in 2003.(13) 

Definition, subgroups and nomenclature 
SPs are characterized by their saw-toothed appearance of co-
lonic crypts, and histopathology is generally required to diag-
nose the correct subgroup of SP.(14) Although the nomencla-
ture of SP subtypes has evolved over the last decade, there is 
still no current consensus among researchers on the definition 
and terminology of SPs. An important aspect that contributes 
to the complexity is the inter-observer variability of the mor-
phological features of SPs even among expert pathologists.(15, 
16) This has led to difficulties to agree upon the optimal termi-
nology and diagnosis criteria for SPs, especially concerning 
SSLs.  
 
In 2019, the World Health Organization (WHO) updated their 
classification on tumours in the digestive tract (17) which now 
recognizes three subgroups of SPs; HP, SSL and TSA. The 
WHO taxonomy of SPs is the most commonly used, and will 
also be the terminology of choice for this thesis. It is, however, 
useful to be aware of previous terminology as these terms have 
been used in the research of this thesis in order to identify pa-
tients diagnosed before 2019 (Figure 1). In comparison to the 
classification of 2010, the most notable change is the incorpo-
ration of the term SSL instead of sessile serrated ade-
noma/polyp, which aimed to highlight the subtle and flat ap-
pearance of SLLs in contrast to the polypoid appearance of 
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other SPs. Before 2010, the both sessile serrated adeno-
mas/polyps and traditional serrated polyps were included 
within the umbrella of serrated adenomas. 
  

Hyperplastic polyp (HP) 
HPs are the most common subtype of SPs and represent around 
75% of all SPs. Typically, HPs are less than 5 mm and mostly 
located in the distal colon and rectum. Consistent with earlier 
beliefs, HPs are generally considered to be benign.(14) Accord-
ing to the WHO taxonomy, HPs are further divided into three 
types; the microvesicular type, the goblet cell rich type, and the 
mucin poor type.(17) Whether these subtypes display any dif-
ferences in malignant potential is yet unclear and the clinical 
importance of classifying the different subtypes of HPs remains 
uncertain. 

Sessile serrated lesion (SSL) 
SSLs are less common than HPs and represent up to 25% of all 
serrated polyps. They are generally larger than 5 mm and most 
commonly located in the proximal colon. Endoscopically, SSLs 
are very subtle, appearing as a pale and flat lesion with ill-de-
fined margins.(14) Histopathology is, however, required to di-
agnose SSL, and the diagnosis is confirmed by the presence of 

WHO 5th edition 
(2019) 

 
Hyperplastic Polyps 

∼75% of all SPs 
No malignant potential 

 
Sessile Serrated Lesion 

∼25% of all SPs 
Malignant potential 

 
 

Traditional Serrated 
Adenoma 

∼1% of all SPs 
Malignant potential 

WHO 4th edition 
(2010) 

 
Hyperplastic Polyps 

∼75% of all SPs 
No malignant potential 

 
Sessile Serrated  
Adenoma/Polyps 
∼25% of all SPs 

Malignant potential 
 

Traditional Serrated 
Adenoma 

∼1% of all SPs 
Malignant potential 

 
 

WHO 3rd edition 
(2000) 

 
Hyperplastic Polyps 

∼75% of all SPs 
No malignant potential 

 
Serrated Adenoma 
∼25% of all SPs 

Malignant potential  
 
 
 
 

Figure 2. Evolution of the World Health Organization (WHO) classification of serrated 
polyps (SPs) of the colorectum. 
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at least one unequivocally distorted crypt. The clinical im-
portance of SSLs lies within its malignant potential, as it is the 
main precursor of serrated pathway cancers.(5) The risk for 
progression of SSL was recently studied in 2,139 patients with 
at least one SSL.(18) The results showed that the prevalence of 
low-grade dysplasia, high-grade-dysplasia and adenocarci-
noma were 12, 2 and 1% respectively.  

Traditional serrated polyp (TSA) 
Representing about 1% of all SPs, TSAs is the least common 
subtype.(18) Similar to SSLs, TSAs are generally considered to 
harbor malignant potential, and often exhibit dysplasia.(11) 
Due to the rarity of TSAs, they are, however, not as well de-
scribed as the other SPs, and less is known about their behav-
iour and progression rate. Nonetheless, it has been shown that 
TSAs primarily tend to be associated with microsatellite stable 
cancers, and that their pathway to CRC is different from the 
pathway of SSAs.(15) Furthermore, TSAs do not share the flat 
and subtle appearance of SSLs as they are endoscopically more 
comparable to HP in terms of their polypoid appearance and 
their distal location.(4) Histopathologic features includes eo-
sinophilic predominance and ectopic crypts.(19) 
 
  

Figure 3. Histopathology of serrated polyps (SPs); A) hyperplastic polyp (HP), B) sessile serrated 
lesion (SSL), C) traditional serrated adenoma (TSA). 
Reprinted from Wikimedia Commons, licensed under CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0/) 
 

A
 

C
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Serrated polyps and colorectal cancer 
Although the adenoma-carcinoma sequence remains an essen-
tial component of the CRC pathogenesis (20, 21), it is currently 
understood that CRC may develop through multiple different 
pathways. These different pathways have also been linked to 
specific CRC molecular profiles, as described by Jass (6). A sim-
plified application of this classification can be based on two 
molecular features: (i) DNA microsatellite instability (MSI) sta-
tus, categorized as MSI-high (MSI-H), MSI-low (MSI-L) or mi-
crosatellite stable (MSS), and (ii) CpG island methylator phe-
notype (CIMP), categorized as CIMP-high, CIMP-low or 
CIMP-negative. 
 
According to the classification presented by Jass (6), the ade-
noma-carcinoma pathway, including CRC developed in patient 
with the hereditary condition familial adenomatous polyposis, 
is mainly associated with CRC that is CIMP-neg and MSS. The 
serrated pathway is separated into two main branches deter-
mined by its precursor lesion. The branch originating from 
SSLs accounts for the largest part of serrated CRC and is typi-
cally CIMP-high, although the MSI status may vary depending 
on the molecular sequence. The other branch of the serrated 
pathway originates from TSAs. The TSA pathway is less ex-
plored and lacks studies describing the molecular sequence in 
detail. It is, however, mainly associated with CRC that are 
MSS, while the CIMP status has not been fully character-
ized.(16) 
 
Even though the adenoma-carcinoma pathway still accounts 
for the majority of the CRC burden, a recent study comparing 
the risk of CRC development discovered that the increased risk 
for patients with SPs are similar or higher than the risk of CRC 
development in patients with conventional adenomas.(22) Fur-
thermore, it has recently been shown that the increased risk of 
CRC development in patients with large SPs is not necessarily 
limited to the progression of existing polyps, but can rather oc-
cur elsewhere in the colon.(23) Consequently, the increased 
risk of patients with large SPs will persist despite the removal 
of existing polyps. 
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Epidemiology 
The prevalence of SPs in adults has been studied in a few pop-
ulations based on pathology data from endoscopically removed 
polyps, and the prevalence have been estimated lie within 20-
40%.(24-26). Autopsy data, however, considered the most re-
liable data source to estimate the prevalence of SPs since endo-
scopic studies may by limited by endoscopic equipment, colon-
oscopy quality and inter-observer variability. A wide range of 
autopsy studies have been analyzed by Crockett and Nag-
tegaal.(14) They found that out of 8440 patients included in 16 
studies, 1,147 had one or more SP, corresponding to a preva-
lence of 13.6%. 
 
Attempts to estimate the prevalence of SSLs have been solely 
based endoscopy data, indicating a prevalence of 2% to 7% in 
average-risk screening patients.(24, 27-30) Studies on the epi-
demiology of specific subtypes of SPs is, however, limited, and 
there are currently no clear data on SSL incidence, nor on TSA 
prevalence or incidence. Yet, the small proportion of TSAs re-
ported in all SPs does give an indication of the prevalence being 
very low in general.(14, 18) 

Risk factors  
As with several malignant and premalignant conditions, family 
history has been linked to a greater risk of SPs. The association 
of a specific genetic predisposition to the serrated pathway 
CRC is, however, still unclear, as previous studies show con-
tradicting results. Nonetheless, there does exist evidence indi-
cating that SPs are more frequent in Caucasians compared to 
Hispanics, African Americans and Chinese, although the cause 
for this association is yet to be uncovered. 
 
Regarding modifiable lifestyle factors, a systemic review was 
recently performed by Bailie et al. (31) in which 43 previous 
studies were included. The authors found tobacco smoking, al-
cohol consumption, elevated body mass index and a high in-
take of fat or meat to significantly increase the risk of SPs. Fur-
thermore, the association with tobacco smoking and alcohol 
consumption seemed to be stronger for SSLs than for HPs, a 
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finding which was also confirmed in the Nurses’ Health Study 
and Health Professionals Follow-Up Study.(32) Factors that 
were found to decrease the risk of SPs in the review performed 
by Bailie et al. (31) were the use of non-steroid anti-inflamma-
tory drugs or aspirin, as well as high intake of folate, calcium 
or fiber. In a case-control study targeting lifestyle risk factors 
in SSLs specifically, some of the above risk factors were not 
found to be significant after adjustment for other factors. (33) 
The risk factors found to be significantly associated with SSLs 
were tobacco smoking and high red meat intake, while the use 
of non-steroid anti-inflammatory drugs were associated with a 
reduced risk of SSLs. 

Clinical management 
During the last decade, SPs, and SSLs in particular, have gained 
increasing clinical importance as a premalignant lesion ac-
counting for 15-30% of the total CRC burden.(7) Nonetheless, 
the evidence base remains limited and there are still no strict 
formal recommendations on the clinical management of these 
lesions.(34) Despite recent efforts to prevent CRC incidence 
and mortality through screening and surveillance colonosco-
pies, the effects have not seemed to apply to CRC in the prox-
imal colon  believed to originate from the serrated pathway. 
This is thought to be explained by the subtle endoscopic fea-
tures of the SSLs which makes them prone to be overlooked or 
incompletely resected by endoscopists.(35, 36) Furthermore, 
SPs have in general been proven to be less likely to bleed, mak-
ing them less susceptible for fecal occult testing as well. Alt-
hough there have been some recent statements on the manage-
ment of SPs, the limited state of knowledge has not allowed for 
any strong recommendations to be presented.(14, 34, 37, 38) 
Evidently, there is a great need for further research in order to 
detect SPs and to determine the optimal management of these 
lesions. 
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Celiac disease 
Celiac disease (CD) is a systemic immune-mediated condition 
and is characterized by small-intestinal inflammation and vil-
lous atrophy (VA) in response to gluten intake. It is currently 
the only known autoimmune disease for which a specific trig-
ger, dietary gluten, has been found.(39) The disease may de-
velop in genetically predisposed individuals of all ages and is 
estimated to affect around 1% of the global population.(40)  

Although a CD diagnosis generally requires the presence of du-
odenal villous atrophy (VA), manifestations of the disease are 
not limited to the gastrointestinal tract and often restricted to 
few and unspecific symptoms.(41, 42) Hence, CD is frequently 
diagnosed with several years of delay and is widely considered 
to be underdiagnosed.  

Prior studies have shown that individuals with CD are at an 
increased risk of mortality, as well as excess comorbidities such 
as cancer, osteoporosis, cardiovascular diseases, psychiatric 
diseases and other autoimmune diseases.(43-45) Unlike other 
gastrointestinal diseases, health economic outcomes such as 
work disability have been poorly studied in CD. Recognizing 
the increasing prevalence of CD during the last decades have, 
however, emphasized the importance of these outcomes in or-
der to understand its effect on the disease burden from a socie-
tal perspective.  

Historical remarks 
Many consider the first description of CD to have been made 
as early as in the second century AD by Greek physician Are-
taeus the Cappadocian (koiliakos meaning abdominal in 
Greek).(46) However, it would take until the 1950s for the dis-
ease to be associated to gluten. The association of CD (then 
known as idiopathic sprue) and gluten was first suggested by 
the Dutch pediatrician Willem Karel Dicke upon observing that 
children suffering from CD seemed to temporarily improve 
during the bread shortage of World War II only to relapse once 
the bread supply was restored. The observation was confirmed 
experimentally in 1953 (47), and in 1957, Schwartz et al. (48) 
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was able to demonstrate the benefit of GFD which remains the 
only available treatment for CD. 

Definition and etiology 
CD is an autoimmune disease in which an abnormal immune 
response is triggered by the intake of gluten. In contrast to food 
allergies, the small intestinal inflammation seen in CD is not 
mediated by an IgE-associated hypersensitivity reaction. In-
stead, CD is believed to be driven by a T-cell mediated inflam-
mation.(49) To develop CD, individuals need to carry genes 
encoding for specific human leukocyte antigen (HLA) proteins, 
namely haplotypes DQ2 or DQ8.(50) These haplotypes are re-
quired for antigen-presenting cells to recognize gliadin, a com-
ponent of gluten, and effectively activate CD4+ T-cells.  

As a result of the T-cell mediated inflammation in the small 
intestine, several histological changes in the intestinal mucosa 
occur, including intraepithelial lymphocytosis, crypt hyper-
plasia and, most importantly, VA.(51, 52) The histological 
changes of the small intestinal mucosa are evaluated according 
to the Marsh classification, with a type 3 (complete villus atro-
phy) indicating CD (Figure 3).(53, 54)  

A B 

  Figure 4. Histology of the duodenal mucosa; A) normal villi (healthy), B) villus atrophy (celiac disease) 
  Reprinted from Wikimedia Commons, licensed under CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0/)
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Epidemiology 
Although CD remains overrepresented in Northern and West-
ern Europe, recent studies have confirmed the presence of CD 
worldwide. (40) In a large systematic review by Singh et al. 
(40), the global prevalence of seropositive CD was found to be 
1.4% whereas the biopsy-verified prevalence was 0.7%. While 
the seropositive estimate is believed to be an overstatement 
given the risk of false positives, the biopsy-verified prevalence 
is likely to be an underestimation as not all patients with a pos-
itive serologic test undergoes a complete endoscopic evaluation 
with duodenal biopsies. The true global prevalence is believed 
to lie somewhere in between and is generally approximated to 
around 1%.(55) 

Several studies have shown that the prevalence and incidence 
of CD is increasing over time.(56) The increasing incidence 
may partly be explained by the introduction of serological tests, 
which have significantly improved availability. However, be-
yond improved diagnostics and increased awareness, there is 
also evidence of a true increase in the incidence of CD, which 
is further supported by data from screening studies.(57)  

Similar to other autoimmune diseases, CD is more common in 
women than in men.(58) There are also regional and ethnical 
differences in prevalence reported.(55) To some extent, varia-
tions in CD prevalence may be explained by differences in ge-
netic susceptibility, namely presence of permissive HLA haplo-
types DQ2 and DQ8. However, several studies have confirmed 
significant differences in prevalence of CD in geographically 
proximal regions despite similar prevalence of compatible HLA 
haplotypes in the population.(59, 60) As such, the differences 
in CD prevalence across geographic regions and ethnical 
groups remains largely unknown. 

Risk factors 
Given the necessity of a genetic predisposition to develop CD, 
it is no surprise that heredity is considered a significant risk 
factor. However, based on findings from studies on monozy-
gotic twins which found concordant rates of only 49-83% (61, 
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62), environmental factors are believed to also play a part in 
the development of CD. Following observations from the acute 
increase in CD incidence in Sweden during the 1980s, there was 
a belief that early introduction of gluten, especially in the ab-
sence of concurrent breastfeeding, could be a decisive risk fac-
tor of CD development.(63) However, following interventional 
studies to test this hypothesis, no association between risk of 
CD development and timing of gluten exposure could be con-
firmed.(64, 65) Nonetheless, other studies have been able to 
demonstrate that quantity, rather than timing, may be a risk 
factor of CD development.(66-68) 

In addition to gluten-related risk factors, several other environ-
mental factors have been found to affect the risk of CD devel-
opment, most of which relates to the perinatal period or early 
childhood. For example, small weight for gestational age and 
elective cesarean birth have been associated with a modestly 
increased risk for CD (69), as well as shorter breastfeeding du-
ration (70). Infections have also been associated to the risk of 
CD, and microbes such as Campylobacter bacteria (71), rota-
virus (72) and reovirus (73) are believed to be potential triggers 
of the disease. Furthermore, socioeconomic factors such as 
nonsmoking status (74) and higher maternal education level 
(75) have also been associated to higher risk of CD develop-
ment in some studies.

Clinical management 
Despite improved diagnostic methods and increased awareness, 
undiagnosed disease remains a significant challenge in the clin-
ical management of CD.(76) Although diarrhea continues to be 
the single most common symptom among patients with CD, 
most celiac patients present with subtle and atypical symptoms 
such as bloating, irregular bowel habits, anemia, migraine, os-
teoporosis or even neuropsychiatric symptoms, abnormal liver 
enzyme levels or skin rashes such as dermatitis herpetiformis or 
psoriasis.(55) Furthermore, an increasing proportion of celiac 
patients are asymptomatic and receive their diagnosis by 
screening, either due to family history or due to associated con-
ditions such as type 1 diabetes.(42) 
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The introduction of serology has increased availability and al-
lowed clinicians to test more patients. However, the perfor-
mance of serologic tests is dependent on ingestion of gluten and 
may be false negative in the absence of dietary gluten.(77) 
Hence, current guidelines still consider endoscopy and duode-
nal biopsy as gold standard for CD diagnosis and is typically 
proposed upon testing positive for serology or when there is a 
high suspicion of CD (Figure 5). (55) In cases of contradicting 
results, genetic testing may be warranted as the absence of HLA 
haplotypes DQ2 or DQ8 practically rules out CD.(78) Moreo-
ver, research on HLA-DQ-gluten tetramers are currently ongo-
ing and have already been demonstrated to be able to identify 
gluten-specific T-cells in celiac patients despite being on 
GFD.(79) Although the test is still pending further validation 
in larger sample populations, it may change the way we diag-
nose CD in the future. 

Figure 5. Diagnostic algorithm for celiac disease (CD).  
Reprinted from Gastroenterology, 160/1, Lebwohl and Rupio-Tapia, Epidemiology, Presentation, and Diagnosis of Celiac Disease, Pages No. 63-
75, Copyright (2021), with permission from Elsevier.(54)  
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In contrast to the rapid progress within CD diagnostics, the 
clinical management of CD remains unchanged and consists of 
lifelong adherence to GFD.(53) Although most patients im-
prove upon initiation of GFD, around 30% will have persisting 
symptoms with or without intestinal VA.(80) These patients 
are classified as having non-responsive CD. There may be sev-
eral causes for non-responsive CD, including GFD indiscretion, 
slow healing or other associated conditions such as irritable 
bowel syndrome or small intestinal bacterial overgrowth. Re-
fractory CD may also be a cause for non-responsive CD and is 
defined as having persisting malabsorption and intestinal VA 
despite strict adherence to GFD for 12 months.(54) Treatment 
of refractory CD is challenging and generally consists of nutri-
tional support and management of complications from malab-
sorption and malnutrition.(81) 

Health economic outcomes 
Health economics is a growing field within medical research, 
especially within chronic diseases that tend to be associated 
with significant healthcare costs and work disability. Within 
gastroenterology, most health economic studies have focused 
on inflammatory bowel disease (IBD). In recent years, there has 
only been a few studies on health economic outcomes in CD, 
most of which have focused on use and cost of healthcare and 
drug consumption.(82-84) However, although CD is associ-
ated with several comorbidities that are known to impact abil-
ity to work, data on work disability and work loss have been 
scarce. To our knowledge, only two prior studies have exam-
ined work loss in adult celiac patients.(85, 86) Results from 
these studies have, however, been inconsistent.  
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AIM 
The overall aim of the research presented in this thesis was to 
advance the knowledge on serrated polyps, and to explore 
health economic outcomes in celiac disease. Objectives corre-
lating to the specific studies are presented below. 

Paper I 

To validate the specificity of an SP diagnosis in the ESPRESSO 
cohort, and thereby enable future epidemiological research on 
SPs and CRC. 

Paper II 

To estimate work loss in patients with CD in comparison to 
the general population, including the temporal relationship of 
work loss before and after diagnosis. 

ETHICS 
The studies were approved by the Regional Ethical Review 
Board in Stockholm with reference numbers 2017/1497-32 
(Paper I-II) and 2014/1287-31/4 (Paper II). As both studies 
were strictly register-based, informed consent was waived.(87) 
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METHODS 
The studies included in this thesis have both had an epidemio-
logical approach and are based on data from Swedish nation-
wide registers. In addition, as both serrated polyps and celiac 
disease rely on histopathology as gold standard for diagnosis, 
the ESPRESSO cohort has been used to identify the study pop-
ulations. Details on the ESPRESSO cohort and the methods for 
each of the specific papers are presented below. 

The ESPRESSO cohort 
The studies included in this thesis have both used the ES-
PRESSO (Epidemiology Strengthened by histoPathology) co-
hort (88) which consists of gastrointestinal histopathology re-
ports from 2,109,579 unique Swedish individuals. Data on gas-
trointestinal reports were collected from all Swedish pathology 
departments (n=28) and include more than with 6.1 million 
separate data entries from biopsies obtained from 1965 to 
2017 (Figure 6).  

Through the use of the unique personal identity number as-
signed all Swedish residents (89), histopathology data were 
linked to the Swedish National Patient Register (90), the Cause of 
Death Register (91), the Cancer Register (92), the Medical Birth 
Register (93), the Prescribed Drug Register (94), The Longitudi-
nal Integrated Database for health insurance and labor market 
studies (LISA)(95), as well as the Total Population Register(96). 

Figure 6. Number of data entries per year in the ESPRESSO cohort 
Reprinted from Clinical Epidemiology, Ludvigsson and Lashkariani, Cohort profile: ESPRESSO (Epidemiology Strenghtened by histoPathology reports in Sweden, 
Pages No. 101-114, Copyright (2019). (87)  
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Paper I 

Study design 
In this validation study, the specificity of an SP diagnosis in the 
ESPRESSO cohort was validated through a structured retro-
spective review of histopathology reports and patient charts. 

Study sample 
Patients with an SP diagnosis were identified through the ES-
PRESSO cohort.(88) Inclusion criteria consisted of a colorectal 
biopsy (topography codes T67-68) with either Systemized No-
menclature of Medicine (SNOMED) codes M82160, M8216, 
M82130, M8213, or with “serr” or “gtand” (Swedish “såg-
tand(ad)”) as free text in the biopsy report. In total, 15,075 
individuals with an SP diagnosis were identified. 

To validate the cohort, patient charts were requested from a 
random subset of 160 individuals with SP. The sample size was 
based on power calculations which required a minimum num-
ber of 139 individuals to be reviewed in order to demonstrate 
a positive predictive value (PPV) of 90% with a 95% confi-
dence interval (CI). We received patient charts from 126 indi-
viduals, out of which 20 contained insufficient for our review, 
resulting in a total of 106 individuals with SP included for the 
validation.  

Data 
A true SP diagnosis was defined as having a consistent histo-
pathology report and a patient chart data supporting the diag-
nosis. Patient chart data included patient history, laboratory 
data, referral letters, as well as endoscopy and histopathology 
reports. Individuals with no histopathology report or insuffi-
cient data from the patient chart were excluded from the study. 
The assessment of histopathology reports and patient chart 
data was executed by the principal author (SRB), and uncertain 
cases were discussed with co-authors JFL and MS. If no con-
sensus could be reached, the diagnosis was considered to be 
false. 
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To account for the evolving nomenclature of SPs, polyps de-
scribed as serrated adenomas, mixed polyps with dysplasia, or 
sessile serrated adenomas/polyps were considered to be con-
sistent with the current definition of SSLs according to the up-
dated WHO classification. Nevertheless, data were also pre-
sented separately for these specific polyp subgroups, as well as 
for false positive SPs. 

Statistics 
The main outcome of this study was the PPV for SP diagnosis 
in the ESPRESSO cohort, and 95%CIs were estimated by the 
Wilson score interval. In order to identify any potential differ-
ences in the PPV, results were stratified according to identifica-
tion method (SNOMED codes or free text) and year of diagno-
sis. For individuals identified by SNOMED codes, SP location 
was also validated by comparing topography codes with the 
location assigned in the endoscopy report. Furthermore, 
SNOMED codes were also used to identify individuals with the 
subgroup SSL for which a separate PPV was calculated.  

In addition to the main outcomes, descriptive data were also 
presented according to SP subgroups to characterize the sample 
population. These data included demographic factors, comor-
bidities, symptoms, diagnostic tools and indication for endos-
copy. Data on polyp characteristics were also presented, in-
cluding number of polyps, size, location and grade of dysplasia. 

Paper II 

Study design 
In this study, a cross-sectional design was applied to estimate 
the extent of work loss in celiac patients as compared with the 
general population, whereas a cohort design was used to inves-
tigate the temporal relationship of work loss before and after 
diagnosis. 

Study sample 
Patients with biopsy-verified CD were identified through the 
ESPRESSO cohort.(88) CD was defined by presence of VA 
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(Marsh 3), and mucosal healing was defined as recovery 
thereof (Marsh 0-2). In total, 49,144 individuals diagnosed 
with CD between 1964 and 2014 were identified. Only indi-
viduals aged 25 to 59 years old were included in order to reflect 
individuals available to the labor market with a 5-year margin 
for follow-up before and after diagnosis. Two groups of celiac 
patients were constructed:  

1) 16,005 prevalent patients with a CD diagnosis as of Jan-
uary 1, 2015.

2) 4,936 incident patients diagnosed with CD between Jan-
uary 1, 1969, and December 31, 2014, out of which
1,251 (25%) had a follow-up biopsy to evaluate muco-
sal healing 0.5 to 5 years after diagnosis.

For each patient with CD, up to 5 comparators from the gen-
eral population were identified through the Total Population 
Register (96) matched by age, sex, county of residence and year 
of diagnosis. By utilizing the unique personal identity number 
assigned to all Swedish residents (89), data from celiac patients 
and comparators were linked to the National Patient Register 
(90) and LISA database (95).

Data 
Assessments of work loss were based on compensations for sick 
leave (Swedish “sjukpenning) and disability leave (Swedish 
“sjukersättning”) as registered in the LISA database. The LISA 
database was launched in 1990 and is considered to have a 
complete national coverage of sick leave and disability leave in 
Sweden as reporting to the register is mandatory.(95) Thus, any 
compensation registered in the LISA database is directly corre-
lated to absence from work. Sick leave episodes shorter than 
15 days are, however, compensated by the employer and not 
registered the LISA database. 

Based on findings from current literature(97), information on 
factors that may impact work loss were also retrieved. Thus, in 
addition to age and sex, we collected data on education level 
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and unemployment status from the LISA database. We also re-
trieved data on comorbidities from the National Patient Regis-
ter (90) which gained national coverage in 1987 and contains 
data on all inpatient and nonprimary outpatient care (from 
2001) in Sweden. Data in comorbidities included history of ma-
lignancies, cardiovascular disease, diabetes (type 1 and 2), psy-
chiatric disease and musculoskeletal disease, all of which have 
been associated with CD and may impact ability to work.(45, 
98) 

Statistics 
Data for prevalent and incident patients were analyzed and pre-
sented separately. The main outcome consisted of mean net 
number of lost work days per individual and calendar year. 
Mean differences between celiac patients and comparators 
were calculated using linear regression with adjustments for 
sex, age and education level, with 95%CIs calculated using 
nonparametric bootstrapping. Work loss was also presented as 
proportions of patients and comparators with any work loss 
per calendar year.  
 
In addition to overall results, stratified analyses were per-
formed according to demographic factors and selected comor-
bidities, as well as duration since diagnosis for prevalent pa-
tients and year of diagnosis for incident patients.  
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RESULTS 
The findings of the research presented in this thesis have been 
published in international peer-reviewed journals, namely 
BMC Gastroenterology and Clinical Gastroenterology and 
Hepatology. Results from Paper II were also presented at two 
international research conferences and was rewarded Poster of 
Distinction (top 10% of all accepted abstracts) at Digestive 
Disease Week 2021. Findings from each specific paper are pre-
sented separately below. 

Paper I 

Positive predictive value (PPV) 
In a random subset of 106 individuals with a diagnosis of SP 
identified through the ESPRESSO cohort, 101 individuals had 
a true SP diagnosis (Table 1). The corresponding PPV was cal-
culated to 95% (95%CI: 89-98%). All false positive SPs were 
found among individuals identified by free text search, out of 
which four had insufficient data to support the diagnosis while 
one individual had SP ruled out in the histopathology report. 

Table 1. Positive predictive value of serrated polyps in the ESPRESSO cohort by search method. 

Variable SNOMED codes M8213(0)/M8216(0) 
(n = 52) 

Free text “serrated” 
(n=76) 

Total 
(n=106) 

By subtype, n (%) 

Hyperplastic polyp 5 (10%) 31 (41%) 34 (32%) 

Traditional serrated adenoma 2 (4%) 3 (4%) 3 (3%) 

Sessile serrated lesion 49 (94%) 40 (53%) 70 (66%) 

Unspecified serrated polyp 0 (%) 3 (%) 3 (%) 

False positive serrated polyp 0 (0%) 5 (7%) 5 (5%) 

Positive predictive value 

Serrated polyp diagnosis 52/52, 100% (95%CI=93-100%) 71/76, 93% (95%CI=86-97%) 101/106, 95% (95%CI=89-98%) 

By year of diagnosis 

<2000 0/0 17/19, 89% 17/19, 89% 

2000-2009 16/16, 100% 10/11, 91% 25/26, 96% 

92010 36/36, 100% 44/46, 96% 59/61, 97% 

Serrated polyp location 49/52, 94% (95%CI=84-98%) - - 

By topography code 

T67 25/25, 100% - - 

T671 1/1, 100% - - 

T672 3/3, 100% - - 

T677 2/2, 100% - - 

T68 18/21, 86% - - 

Sessile serrated lesion diagnosis 49/52, 94% (95%CI=84-98%) - - 

Abbreviations: CI = Confidence interval; PPV = Positive predictive value; SP = Serrated polyp; SSL = Sessile serrated lesion; SNOMED = Systematised 
Nomenclature of Medicine. 
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By year of diagnosis, the PPV was 89% (95%CI: 69-97%) for 
individuals diagnosed before 2001, 96% (95%CI: 81-99%) for 
individuals diagnosed between 2001 and 2010, and 97% 
(95%CI: 89-99%) for individuals diagnosed after 2010. For 
those identified by SNOMED codes, the PPV for the recorded 
location was 94% (95%CI: 84-98%). Furthermore, a true di-
agnosis of the subgroup SSL could be confirmed in 49 out of 
52 individuals identified by SNOMED codes, yielding a PPV of 
94% (95%CI: 84-98%). 

Demographics factors 
Almost half (47%) of the individuals with SP were female, and 
the median age was 70 years old (Table 2). There were 34 
(32%) individuals with HP, 3 (3%) with TSA, 70 (66%) with 
SSL, 3 (3%) with unspecified SP and 5 (5%) with false positive 
SP. In addition to polyps specified as SSA/P, the SSL subgroup 
also included polyps described as serrated adenomas and mixed 
polyps to reflect prior classifications of SP subgroups. As some 
individuals had polyps of different subtypes (n = 9), the sum of 
individuals per subgroup exceed the number of individuals val-
idated. Worth noting, patients with HP had an earlier median 
year of diagnosis overall (2003 vs. 2012), while individuals 
with TSA or SSA/P were all diagnosed after 2010. 
 
Table 2. Demographic factors of individuals with a serrated polyp diagnosis. 

Variable 
HP 

(n=34) 
TSA 
(n=3) 

SSL 
U 

(n=3) 
F 

(n=5) 
Total 

(n=106) SSA/P 
(n=8) 

SA 
(n=51) 

Mixed 
(n=12) 

Total 
(n=70) 

Year of diagnosis          

 Min 1989 2015 2011 2002 2008 2005 2005 1991 1989 

 Median 2003 2015 2014 2013 2014 2014 2008 2007 2012 

 Max 2016 2016 2016 2015 2015 2015 2014 2014 2016 

Age          

 Min 39 52 59 41 53 41 62 35 35 

 Median 68 58 64 74 74 74 65 73 70 

 Max 82 66 78 93 85 93 70 87 93 

Sex          

 Female 15 (44%) 0 (0%) 5 (63%) 26 (51%) 5 (42%) 35 (50%) 3 (100%) 1 (20%) 50 (47%) 

Detection procedure          

 Colonoscopy 28 (82%) 2 (67%) 7 (88%) 40 (78%) 10 (83%) 57 (87%) 3 (100%) 5 (100%) 86 (81%) 

 Partial lower 
endoscopy* 

5 (15%) 1 (33%) 0 (0%) 9 (18%) 0 (0%) 9 (0%) 0 (0%) 0 (0%) 15 (14%) 

 Colectomy 1 (3%) 0 (0%) 1 (13%) 2 (4%) 2 (17%) 4 (13%) 0 (0%) 0 (0%) 5 (5%) 

Abbreviations: F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp; SSL = Ses-
sile serrated lesion; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Sigmoidoscopy, rectoscopy or proctoscopy. 

Indications and symptoms 
The indication for endoscopy consisted of clinical symptoms 
for more than half of the validated individuals (Table 3) The 
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most frequent symptoms among those with a symptomatic in-
dication and SP as the only endoscopic finding were change in 
stool form (n = 21, 75%), change in stool color (hematochezia 
or melena, n = 14, 50%) and anemia (n = 11, 39%). Non-
symptomatic indications for endoscopy were surveillance due 
to a history of polyps or adenomas (n = 18, 46%), a history of 
CRC (n = 3, 8%), or a history of IBD (n = 5, 13%), as well as 
CRC screening (n = 8, 21%). 

Table 3. Indications and symptoms in individuals with a serrated polyp diagnosis. 

Variable HP 
(n=34) 

TSA 
(n=3) 

SSL 
U 

(n=3) 
F 

(n=5) 
Total 

(n=106) SSA/P 
(n=8) 

SA 
(n=51) 

Mixed 
(n=12) 

Total 
(n=70) 

Indication 
Symptomatic 18 (53%) 1 (33%) 3 (38%) 35 (69%) 8 (67%) 45 (64%) 1 (33%) 4 (80%) 64 (60%) 

Non-sympto-
matic* 

15 (44%) 2 (67%) 5 (63%) 14 (27%) 4 (33%) 23 (33%) 2 (67%) 1 (20%) 39 (37%) 

Unspecified 1 (3%) 0 (0%) 0 (0%) 2 (4%) 0 (0%) 2 (3%) 0 (0%) 0 (0%) 3 (3%) 

Symptoms 
Change in stool 
form 

16 (47%) 1 (33%) 2 (25%) 23 (45%) 5 (42%) 30 (43%) 0 (0%) 2 (40%) 47 (44%) 

Change in stool 
colour 

9 (26%) 0 (0%) 3 (38%) 22 (43%) 3 (25%) 27 (39%) 1 (33%) 1 (20%) 36 (34%) 

Abdominal pain 5 (15%) 0 (0%) 4 (50%) 10 (20%) 2 (17%) 15 (21%) 1 (33%) 1 (20%) 22 (21%) 

Weight loss 2 (6%) 0 (0%) 0 (0%) 6 (12%) 1 (8%) 7 (10%) 1 (33%) 0 (0%) 9 (8%) 

Fatigue 2 (6%) 0 (0%) 0 (0%) 4 (8%) 2 (17%) 6 (9%) 0 (0%) 0 (0%) 8 (8%) 

Anaemia 6 (18%) 0 (0%) 1 (13%) 18 (35%) 4 (33%) 22 (31%) 1 (33%) 2 (40%) 30 (28%) 

Positive FOBT 4 (12%) 3 (100%) 1 (13%) 4 (8%) 3 (25%) 8 (11%) 2 (67%) 0 (0%) 15 (14%) 

Others§ 4 (12%) 0 (0%) 0 (0%) 5 (10%) 0 (0%) 5 (7%) 0 (0%) 0 (0%) 8 (8%) 

Abbreviations: F = False positive serrated polyp; FOBT = Faecal occult blood test; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile 
serrated adenoma/polyp; SSL = Sessile serrated lesion; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Polyp surveillance, CRC 
screening, etc., §Fever, burning, nausea, etc. 
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Polyp characteristics 
Most HPs were small (<10 mm, 43%) or of unspecified size 
(51%), while TSAs were large (≥10 mm, 100%) and SLLs were 
evenly distributed in terms of size. The most common location 
for SPs was the proximal colon (46%), with the rest distributed 
equally between the distal colon (28%) and the rectum (26%). 
Grade of dysplasia was generally unspecified for HPs while 
most TSAs and SSLs exhibited low-grade dysplasia (100% and 
76% respectively). High-grade dysplasia was only seen in SSLs 
(n = 5, 6%). 

Table 4. Characteristics of serrated polyps. 

Variable 
HP 

(n=61) 
TSA 
(n=3) 

SSL 
U 

(n=8) 
F 

(n=3) 
Total 

(n=155) SSA/P 
(n=11) 

SA 
(n=56) 

Mixed 
(n=13) 

Total 
(n=80) 

Size 
<10 mm 26 (43%) 0 (0%) 5 (45%) 24 (43%) 2 (15%) 31 (39%) 0 (0%) 1 (33%) 58 (37%) 

≥10 mm 4 (7%) 3 (100%) 5 (45%) 16 (29%) 7 (54%) 28 (35%) 2 (25%) 0 (0%) 37 (24%) 

Unspeci-
fied 

31 (51%) 0 (0%) 1 (9%) 16 (29%) 4 (31%) 21 (26%) 6 (75%) 2 (67%) 60 (39%) 

Location 
Proximal 25 (41%) 0 (0%) 9 (82%) 23 (41%) 7 (54%) 39 (49%) 7 (88%) 0 (0%) 71 (46%) 

Distal 25 (41%) 1 (33%) 2 (19%) 8 (14%) 5 (38%) 15 (19%) 1 (13%) 2 (67%) 44 (28%) 

Rectal 11 (18%) 2 (67%) 0 (0%) 25 (45%) 1 (8%) 26 (33%) 0 (%) 1 (33%) 40 (26%) 

Unspeci-
fied 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Dysplasia 
None 16 (26%) 0 (0%) 2 (18%) 3 (5%) 0 (0%) 5 (6%) 5 (63%) 0 (0%) 26 (17%) 

Low 2 (3%) 3 (100%) 4 (36%) 45 (80%) 12 (92%) 61 (76%) 1 (13%) 3 (100%) 70 (45%) 

High 0 (0%) 0 (0%) 1 (9%) 3 (5%) 1 (8%) 5 (6%) 0 (0%) 0 (0%) 5 (3%) 

Unspeci-
fied 

43 (70%) 0 (0%) 4 (36%) 5 (9%) 0 (0%) 9 (11%) 2 (25%) 0 (0%) 54 (35%) 

Abbreviations: CRC = Colorectal cancer; F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated 
adenoma/polyp; SSL = Sessile serrated lesion; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Includes conventional adenomas 
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Paper II 

Patient characteristics 
Women were overrepresented among both prevalent and inci-
dent patients with CD (67.6 and 65.1%, respectively), while 
patients per age group (25-39 or 40-59) were equally distrib-
uted. Education level and unemployment rates were similar at 
baseline for patients at comparators alike. In both groups, the 
comorbidities investigated in this study were more common in 
celiac patients than in comparators. 
 
Table 5. Characteristics of celiac patients and general-population comparators. 

Variable 
PREVALENT CELIAC DISEASE B  INCIDENT CELIAC DISEASE C 

CD 
(n=16 005) 

Comparators 
(n=74 788) 

 

CD 
(n=4 936) 

Comparators 
(n=24 301) 

Sex, n (%)     

Men 5 189 (32.4%) 24 204 (32.4%) 1 725 (34.9%) 8 486 (34.9%) 

Women 10 816 (67.6%) 50 584 (67.6%) 3 211 (65.1%) 15 815 (65.1%) 

Age     

Mean (SD) 40.2 (10.5) 40.3 (10.5) 40.8 (9.7) 40.8 (9.7) 

Median (25th-75th) 39.9 (30.2–49.0) 40.0 (30.3–49.1) 40.2 (32.4–48.5) 40.2 (32.4–48.5) 

Age groups, n (%)     

25-39 years 8 066 (50.4%) 37 354 (49.9%) 2 435 (49.3%) 11 958 (49.2%) 

40-59 years 7 939 (49.6%) 37 434 (50.1%) 2 501 (50.7%) 12 343 (50.8%) 

Level of education, n (%)     

≤9 years 1 370 (8.6%) 7 225 (9.7%) 490 (9.9%) 2 922 (12.0%) 

10-12 years 7 205 (45.0%) 34 059 (45.5%) 2 167 (43.9%) 10 561 (43.5%) 

>12 years 7 295 (45.6%) 32 995 (44.1%) 2 229 (45.2%) 10 294 (42.4%) 

Missing 135 (0.8%) 509 (0.7%) 50 (1.0%) 524 (2.2%) 

Comorbidities D     

Cancer 299 (1.9%) 1 201 (1.6%) 106 (2.1%) 359 (1.5%) 

Cardiovascular disease 1 053 (6.6%) 3 548 (4.7%) 355 (7.2%) 1 049 (4.3%) 

Diabetes, type 1 and type 2 807 (5.0%) 852 (1.1%) 194 (3.9%) 272 (1.1%) 

Psychiatric disease 1 862 (11.6%) 7 153 (9.6%) 461 (9.3%) 1 903 (7.8%) 

Musculoskeletal diseases 3 602 (22.5%) 12 390 (16.6%) 967 (19.6%) 3 302 (13.6%) 

Work loss E     

Individuals with any lost work days, n 
(%) 3 682 (23.0%) 12 621 (16.9%) 1 058 (21.4%) 3 520 (14.5%) 

- sick leave 2 599 (16.2%) 9 170 (12.3%) 773 (15.7%) 2 407 (9.9%) 

- disability leave 1 302 (8.1%) 3 904 (5.2%) 349 (7.1%) 1 284 (5.3%) 

Number of lost work days, mean (SD) 39.2 (100.0) 25.8 (82.2) 32.4 (91.2) 22.7 (78.6) 

- sick leave 16.0 (57.5) 10.5 (45.4) 12.8 (51.0) 7.7 (38.8) 

- disability leave 23.2 (83.6) 15.4 (69.6) 19.6 (76.6) 15.1 (68.5) 

Employment status, n (%)     

Unemployed F 804 (5.0%) 3 988 (5.3%) 308 (6.2%) 1 600 (6.6%) 

Less than 1 year of follow-up, n (%) 61 (0.4%) 345 (0.5%) 39 (0.8%) 231 (1.0%) 

Death 20 (0.1%) 97 (0.1%) 19 (0.4%) 35 (0.1%) 

Emigrated 41 (0.3%) 248 (0.3%) 20 (0.4%) 196 (0.8%) 

Less than 5 years of follow-up, n (%) - -  2 617 (53.0%) 12 927 (53.2%) 

Death - -  54 (1.1%) 140 (0.6%) 

Emigrated - -  63 (1.3%) 575 (2.4%) 

End of data capture - -  2 500 (50.6%) 12 212 (50.3%) 
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Prevalent patients 
Celiac patients had an average of 42.5 lost work days (95%CI: 
40.9-44.1 days) in 2015 as compared with 26.8 days in 
matched general-population comparators (Figure 2). The ex-
cess work loss among patients with CD corresponded to a rel-
ative increase of 49%. Adjusted for age, sex and education 
level, the mean difference between celiac patients and compar-
ators was 14.7 days  
(95%CI: 13.2-16.2 days). The increased number of lost work 
days was found to be statistically significant in all subgroups of 
patients (P < 0.05). Worth noting, 60.1% of the accumulated 
number of lost work days was attributed to the few patients 
with full work loss (365 lost work days per calendar year) while 
75.4% of the patients did not report any lost work days in 
2015. 

Figure 1. Mean net number of lost work days in 2015 according to demographic subgroups of 
prevalent patients with celiac disease (CD) as compared with general-population comparators. 
General-population comparators were matched by age, sex, county of residence and calendar 
year. Brackets indicate 95% confidence intervals. 
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Incident patients 
Patients with CD had more lost work days than the general 
population both before and after diagnosis (Figure 3). Adjusted 
for age, sex and education, there was a mean difference of 8.0 
days (95%CI: 5.4-10.6) 5 years before the diagnosis, which 
grew to 13.7 days (95%CI: 9.1-18.3 days) 5 years after diag-
nosis. While the increased number of lost work days before di-
agnosis was mainly caused of sick leave, the post-diagnostic in-
crease was mainly attributed to an increase in disability leave. 
Furthermore, Figure 4 illustrates that the growing mean differ-
ence in work loss was driven by celiac patients above 90th per-
centile (solid line) in term of lost work days, whereas patients 
and comparators below the 75th percentile (dotted line) had 
practically no work loss before or after diagnosis. 

Figure 4. Proportions (left y-axis) of incident patients with celiac disease (left panel) and general-population comparators (right 
panel) with no (0 days), partial (1-364 days) or full (365 lost work days) work loss per year in relation to calendar year of diag-
nosis (“0”). The dashed and solid line represents the 75th respectively 90th percentile of net number of annual lost work days 
(right y-axis) in relation to year of diagnosis. General-population comparators were matched by age, sex, county of residence 

   

Figure 3.  Mean net number of annual lost work days in relation to calendar year of diagnosis (“0”) in incident patients 
with celiac disease (CD) and general-population comparators. General-population comparators were matched by age, 
sex, county of residence and calendar year. Brackets indicate 95% confidence intervals. 



40 
 

SORAN RABIN BOZORG Various Aspects of Gastrointestinal Disease 
 

 

Work loss in relation to mucosal healing at follow-up 
Out of the celiac patients with a follow-up biopsy within 0.5-
5.0 years from diagnosis (n = 1,251), 75% had achieved muco-
sal healing while 25% had persistent VA. As shown in Figure 
5, no statistically significant difference in number of lost work 
days could be demonstrated between those with or without 
mucosal healing after adjustments for age, sex and education 
level.  
 

 
  

Figure 5. Annual number of mean lost work days (upper panel) in relation to calendar year of follow-up biopsy (“0”) in incident 
patients with celiac disease (CD) with mucosal healing and patients with persistent villous atrophy (VA). Mean difference in lost 
work days (lower panel) between patients with mucosal healing and patients with persistent villous atrophy (reference group) ad-
justed by age, sex and education level. Brackets indicate 95% confidence intervals. 
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DISCUSSION 

Key findings 
The last couple of years have seen significant research advance-
ments within the gastroenterological field. One of these con-
sists of the increasing understanding of the serrated pathway to 
colorectal cancer. Yet, little is known about the natural history 
of SP, which may partly be due to a lack of large-scale data. In 
Paper I, we were able to demonstrate that the ESPRESSO co-
hort has a high specificity of SP diagnosis, and that SNOMED 
codes can also be used to accurately identify individuals with 
SSL. These findings enable future research on SP and allows us 
to study these polyps in a large population-based setting. In 
fact, since the publication of Paper I in 2019, there have already 
been 3 additional publications on serrated polyps which were 
enabled by the validation presented in this thesis.(99-101)  
 
Another emerging field within gastrointestinal disease is health 
economics. These studies have contributed to a broader under-
standing of chronic gastrointestinal diseases and their overall 
impact on the society. In Paper II, we demonstrate that patients 
with CD miss more work days than general population, and 
that the work loss in celiac patients is concentrated to a small 
proportion of patients while 3 out of 4 celiac patients have no 
work loss. Excess work loss among celiac patients was seen as 
early as 5 years before diagnosis. Furthermore, the work loss 
persisted and increased during the years after diagnosis and 
presumed installation of GFD. 
 
There are several possible explanations to the pre-diagnostic 
increase in work loss, out of which undiagnosed/untreated CD 
is likely to be the most prominent.(102) The post-diagnostic 
increase in work loss was less anticipated as work ability was 
expected to improve upon diagnosis and installation of GFD. 
Although the cause for work loss was beyond the scope of this 
study, we hypothesis that the persisting work loss could be de-
rived from patients with an inadequate response to GFD as the 
proportion of patients with work loss (24.6%) correlates well 
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with previous estimates on non-responsive CD.(80) Another 
possible explanation could be that the post-diagnostic work 
loss is driven by comorbidities, e.g. psychiatric disease which 
has previously been associated with CD and constitute the lead-
ing cause for sick leave in Sweden (45). If so, interventions 
aimed to manage comorbidities may serve as a target to im-
prove work ability, and thereby reduce work loss, in patients 
with CD. 
 
Prior health economic research within the gastrointestinal field 
have been focused on IBD(103, 104), while relatively little at-
tention has been given to CD. An explanation to this may be 
that there is a tendency of inertia towards CD within the med-
ical community.(105) However, data presented in this thesis 
show that celiac patients have an average of 14 days of excess 
work loss as compared with the general population, which is 
similar to patients with ulcerative colitis (∼12 days) but less 
than patients with Crohn’s disease (∼34 days). As such, these 
results indicate that patients with CD suffer from significant 
work loss as compared with other gastrointestinal diseases, and 
that work disability should be regarded as an important con-
cern in CD. 

Methodological considerations 
In this thesis, we have made use of several different methodo-
logical approaches which may have some limitations. Below, 
we present common limitations in medical research, and eval-
uate how these may relate to the papers included in this thesis. 

Random error 
A random error is defined as the difference between the ob-
served value and the true value due to chance or imprecise 
measurements. There are two types of random error; type 1 
and type. Type 1 errors occurs when a false hypothesis is not 
rejected, and the probability of type 1 errors is determined by 
the significance level (p-value). Type 2 errors occurs when a 
true hypothesis is rejected, and the probability of committing 
type 2 errors are determined by the power of the test. Random 
errors can effectively be reduced by enlarging the study sample. 
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Systematic errors (bias) 
Systematic errors, also referred to as bias, consist of errors that 
consistently deviate from the true value in a similar way, e.g. 
by consistently over- or underestimating the results. There are 
numerous different types of errors that may influence research 
outcomes. Some of the most important types of systematic er-
rors include selection bias, information bias and recall bias. In 
contrast to random errors, systemic errors cannot be reduced 
by enlarging the sample size. Instead, a correct study design is 
essential to minimize bias. 

Confounding 
A confounding factor is defined as a variable independently 
(i.e. not an intermediate factor) associated with both the expo-
sure and the outcome which may cause a spurious association. 
Important confounding factors in medical research may be age, 
sex, comorbidities, among other. Measures to correct for po-
tential confounding include population matching and statistical 
adjustments.  

Validity 
The validity of a study is determined by its reliability (internal 
validity) and generalizability (external validity). Reliability de-
scribes how well an observation reflects the truth in the studied 
population, while generalizability relates to how well the find-
ings in the studied population can be extrapolated to similar 
populations outside the study. Factors that can reduce the va-
lidity of a study include bias and confounding, to name a few. 

Strengths and limitations 
The main strength of both of the studies included in the thesis 
lies in their use of histopathology reports, as findings in such 
reports are considered gold standard for diagnosis in SP and 
CD alike. In addition, the use of a large-scale population-based 
approach in Paper II allowed us to provide precise estimates on 
work loss and minimized the risk of selection bias. Access to 
data from complete nationwide health registers also allowed us 
to retrieve prospectively recorded data which eliminates the 
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risk for recall bias which has been a concern in previous stud-
ies. 
 
A limitation with the validation in Paper I consists of the lack 
of re-examination of biopsies. The ethical review board only 
authorized us to collect digital data, thus no actual biopsies 
could be retrieved for re-examination. In addition, there was 
also a risk of misclassification bias due to inter-observer varia-
bility among pathologist examining the biopsies.(106) 
 
Limitations related to Paper II mainly concerned lack of clinical 
data, such as type and duration of symptoms, as well as lack of 
data on the cause for sick leave. Another important limitation 
which is associated with all health economic studies is the gen-
eralizability, since social insurance systems and sick leave com-
pensation criteria may differ across countries. This was man-
aged by comparing all sick leave outcomes to general-popula-
tion comparators within the same setting. As such, although 
absolute outcomes may be specific to the study setting, any rel-
ative results are likely to be generalizable to social insurance 
systems in other countries as well. 
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CONCLUSION 
Based on the results presented in this thesis, the following con-
clusions could be drawn: 
 

I. The ESPRESSO cohort, which relies on histopathology 
reports, is a reliable data source to identify individuals 
with SPs. 
 

II. Patients with CD miss more work days than the general 
population before their diagnosis, and this loss persists 
and increases after diagnosis despite presumed installa-
tion of GFD. 
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FUTURE PERSPECTIVES 
In recent years, the importance of SPs has gained increasing 
recognition as a potential pathway to CRC. Nonetheless, large 
epidemiological studies are still lacking and little remains 
known about the natural history of SPs, and SSLs in particular. 
By using the ESPRESSO cohort, which was found to have a 
high specificity for SP according to the results presented in Pa-
per I, large-scale data from various Swedish health registers 
could contribute to extending our knowledge on the natural 
progression of SPs. Furthermore, the use of large-scale data to 
study factors that may influence the risk of developing polyps 
and their potential progress to CRC are of great importance in 
order to guide recommendations on colonoscopy screenings 
and surveillance. Although some such studies have already 
been undertaken (99-101), there is yet much to uncover. 
 
Related to CD, the results presented in Paper II confirmed the 
presence of excess work loss among celiac patients both before 
and after diagnosis. Although some speculations on the cause 
for excess work has been presented, such as non-responsive CD 
and associated comorbidities, further research is needed to con-
firm these and other factors that may affect work ability. By 
learning more about the cause and risk factors for work loss in 
CD, interventions could be aimed to prevent these and thereby 
reduce work disability in patients with CD. 
 
Moreover, the extensive economic burden associated to CD  
indicates that patients with other gastrointestinal disease may 
also be at risk of an excess economic burden, in particular those 
suffering from diseases of chronic and inflammatory nature. As 
such, studies to explore health economic outcomes in diseases 
such as eosinophilic esophagitis and microscopic colitis have 
recently been initiated and will be carried out as part of a doc-
toral thesis.  
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SAMMANFATTNING PÅ SVENSKA  
Forskningsfältet inom gastrointestinala sjukdomar har under de senaste åren gjort stora fram-

steg. Ett av dessa framsteg består i upptäckten av att sågtandade polyper, som tidigare betrak-

tats som godartade, kan utvecklas till kolorektal cancer. Andelen fall av kolorektal cancer som 

härrör från sågtandade polyper estimeras vara mellan 15–30%, dessutom har flera studier visat 

att dessa är överrepresenterade bland de fall högersidiga fall av kolorektal cancer som ofta 

upptäcks sent i förloppet. Det rådande kunskapsläget om sågtandade polyper och dess kliniska 

koppling till kolorektal cancer är emellertid bristfälligt, vilket delvis anses bero på brist på 

epidemiologiska studier. 

 

Ett annat forskningsfält som under de senaste åren fått en ökad betydelse är hälsoekonomi. 

Med hjälp av storskaliga data från svenska nationella register har man kunnat studera vilka 

ekonomiska effekter som gastrointestinala sjukdomar har på såväl individnivå som samhälls-

nivå. Dessa studier har emellertid varit fokuserade på inflammatoriska tarmsjukdomar. Ce-

liaki, även benämnt glutenintolerans, är en systemisk autoimmun sjukdom som karaktäriseras 

av inflammation i tunntarmen som utlöses av glutenintag. Sjukdomen har inget botemedel, och 

den enda tillgängliga behandlingen består av glutenfri kost. Trots att celiaki är associerad med 

såväl ökad mortalitet som samsjuklighet saknas för närvarande studier som undersöker arbets-

förmåga hos patienter med celiaki. 

 

Målsättningen med denna avhandling var dels att validera diagnosen sågtandade polyper i ES-

PRESSO-kohorten som är baserad på histopatologisk data från hela Sverige (delprojekt I), 

samt att estimera utsträckningen av sjukfrånvaro hos patienter med celiaki i jämförelse med 

den allmänna populationen och undersöka hur sjukfrånvaron utvecklas i relation till tidpunk-

ten för diagnos (delprojekt II). 

 

Genom en retrospektiv journalgranskning kunde vi i delprojekt I visa att ESPRESSO-kohorten 

hade en hög specificitet för sågtandade polyper. Detta innebär att man framöver kommer 

kunna utnyttja ESPRESSO-kohorten till att genomföra populationsbaserade epidemiologiska 

studier av sågtandade polyper, vilket vi hoppas ska kunna bidra till ökad kunskap inom detta 

viktiga fält. Vidare kunde vi i delprojekt II visa att patienter med celiaki hade en ökad sjuk-

frånvaro i jämförelse med den allmänna populationen, samt att sjukfrånvaron bestod även 

efter diagnos och förmodad start av glutenfri kost. Resultaten visade dock att sjukfrånvaron 

var koncentrerad på ett fåtal patienter medan de flesta inte hade någon sjukfrånvaro varken 

före eller efter diagnos.  

 

En sammanfattning av delprojekt II har publicerats i Läkartidningen (2021; Nr. 46–47).
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Abstract

Background: Little is known about the natural history of serrated polyps (SPs), partly due to the lack of large-scale
epidemiologic data. In this study, we examined the validity of SP identification according to SNOMED (Systematised
Nomenclature of Medicine) codes and free text from colorectal histopathology reports.

Methods: Through the ESPRESSO (Epidemiology Strengthened by histoPathology Reports in Sweden) study, we
retrieved data on SPs from all pathology departments in Sweden in 2015–2017 by using SNOMED codes and free-
text search in colorectal histopathology reports. Randomly selected individuals with a histopathology report of SPs
were validated against patient charts using a structured, retrospective review.

Results: SPs were confirmed in 101/106 individuals with a histopathology report of SPs, yielding a positive
predictive value (PPV) of 95% (95%CI = 89–98%). By year of diagnosis, the PPV was 89% (95%CI = 69–97%), 96%
(95%CI = 81–99%) and 97% (95%CI = 89–99%) for individuals diagnosed before 2001 (n = 19), between 2001 and
2010 (n = 26) and after 2010 (n = 61), respectively. According to search method, the PPV for individuals identified
by SNOMED codes was 100% (95%CI = 93–100%), and 93% (95%CI = 86–97%) using free-text search. Recorded
location (colon vs. rectum) was correct in 94% of all SP histopathology reports (95%CI = 84–98%) identified by
SNOMED codes. Individuals with SPs were classified into hyperplastic polyps (n = 34; 32%), traditional serrated
adenomas (n = 3; 3%), sessile serrated adenomas/polyps (SSA/Ps) (n = 70; 66%), unspecified SPs (n = 3, 3%), and
false positive SPs (n = 5, 5%). For individuals identified by SNOMED codes, SSA/Ps were confirmed in 49/52
individuals, resulting in a PPV of 94% (95%CI: 84–98%). In total, 57% had ≥2 polyps
(1: n = 44, 2–3: n = 33 and ≥ 4: n = 27). Some 46% of SPs (n = 71) originated from the proximal colon and 24%
were ≥ 10 mm in size (n = 37). Heredity for colorectal cancer, intestinal polyposis syndromes, or both was
reported in seven individuals (7%). Common comorbidities included diverticulosis (n = 45, 42%), colorectal cancer
(n = 19, 18%), and inflammatory bowel disease (n = 10, 9%).

Conclusion: Colorectal histopathology reports are a reliable data source to identify individuals with SPs.

Keywords: Hyperplastic polyp, Serrated adenoma, Serrated polyp, Sessile serrated adenoma/polyp, Traditional
serrated adenoma, Validation

Background
Colorectal cancer (CRC) is the third most common can-
cer and the third leading cause of cancer death world-
wide. It kills over 600,000 people annually, accounting
for 8% of cancer-related deaths [1]. Adenomatous
polyps, now referred to as conventional adenomas, have
been regarded as the main precursor of CRC, but in

recent years a new pathway to CRC has been identified,
termed the serrated pathway [2, 3].
Serrated polyps (SPs) are characterised by a saw-toothed

appearance of colonic crypts. As per recommendations
from the World Health Organisation (WHO) [4], SPs are
classified into three subgroups: hyperplastic polyps (HPs),
traditional serrated polyps (TSAs) and sessile serrated ad-
enomas/polyps (SSA/Ps)(Fig. 2 in Appendix). The serrated
pathway to CRC is mainly believed to originate from SSA/
Ps, which are estimated to represent up to 20% of all SPs
[3, 5].
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Some data suggest that cancers evolving through the
serrated pathway may account for up to 15–30% of all
CRC cases, and that they are significantly overrepresented
in interval cancers [6], i.e. CRC occurring before the next
recommended screening after an initially negative finding.
Even though the adenoma-carcinoma pathway still ac-
counts for the majority of the CRC burden, a recent study
comparing the risk of CRC development found that the
increased risk of CRC in individuals with SPs is similar or
higher than that seen in individuals with conventional ad-
enomas [7].
Little is known about the natural history of SP, which

may in part be due to the lack of availability of large-
scale data. Through the ESPRESSO (Epidemiology
Strengthened by histoPathology) study [8], we contacted
all pathology departments (n = 28) in Sweden to con-
struct a cohort of individuals with an SP diagnosis ac-
cording to computerised histopathology reports. We
then retrieved patient charts from 106 randomly selected
individuals with a record of SP. The primary purpose of
this study was to validate SP diagnosis according to
computerised histopathology reports against patient
chart data. A secondary aim was to describe the charac-
teristics of individuals with SPs.

Methods
We validated SP diagnosis based on computerised histo-
pathology reports in a random subset of individuals
through a structured, retrospective review of histopath-
ology reports and patient charts.

Study population
The ESPRESSO study consists of gastrointestinal histo-
pathology reports from 2.2 million unique individuals
with a total of 6.1 million separate data entries. Some
53.9% of individuals had been biopsied more than once.
Data on gastrointestinal histopathology reports were col-
lected between October 12, 2015 and April 15, 2017
from all pathology departments in Sweden (n = 28).
Overall we had data on 1,618,953 colon biopsies and
771,511 rectal biopsies [8]. Through the unique personal
identity number [9] assigned to all Swedish residents,
histopathology data were linked to the Swedish national
health registers (Patient Register [10], Cause of Death
Register [11], Cancer Register [12], Medical Birth Regis-
ter [13], Prescribed Drug Register [14], The LISA data-
base with socioeconomic data [15], as well as the Total
Population Register [16]). Details about ESPRESSO and
registry linkage have been described previously [8].
For the current study on SPs, we included individuals

with a colorectal biopsy (topography codes: T67–68)
with the following Systematised Nomenclature of Medi-
cine (SNOMED) codes: M82160, M8216, M82130,
M8213. We also included individuals with a colorectal

biopsy of which the histopathology report free text listed
“serrated polyp” (Swedish “sågtand(ad)”).

Study sample
Power calculation using EpiTools [17] indicated a mini-
mum of 139 individuals were needed to obtain a positive
predictive value (PPV) for SP of 90% with a 95% confi-
dence interval (95%CI) range of 85–95% (using an alpha
of 0.05 and a beta of 0.20). For this validation, we re-
quested patient charts from a random sample of 160 in-
dividuals with a histopathology report of SPs from five
Swedish counties. We were able to retrieve patient chart
data from 126 individuals, out of which 106 had suffi-
cient information for our validation (Fig. 1).

Case definition
We defined a true SP as having a consistent histopath-
ology report and a patient chart supporting an SP diag-
nosis. Individuals with an SP diagnosis could have one
or multiple SPs. Assessment of histopathology reports
and patient charts was executed by the principal author
(SRB). Uncertain cases were discussed with JFL and MS.
If no consensus was reached, the case was considered in-
consistent with SP.

Data elements
Data from patient charts were extracted using a standar-
dised form, similar to the form used by Svensson et al. in
their validation of microscopic colitis [18]. The starting
point of data extraction was set to 2 years before the
diagnosis until March 2018. The data from the patient
charts mainly included patient history, laboratory data,
referral letters and endoscopy and histopathology re-
ports. Individuals were excluded in the absence of a
histopathology report or insufficient/incomplete data.

Statistics
The main outcome of this study was the PPV for SP
diagnosis in the 106 individuals with patient charts con-
taining sufficient data. To identify any potential differ-
ences, results were stratified according to search method
(SNOMED codes or free-text search). Given the chan-
ging nomenclature of SPs over time, we also analysed
the data by year of diagnosis. For individuals identified
by SNOMED codes, we validated the SP location by
comparing the topography code with the patient chart.
SNOMED codes were also used to identify SSA/Ps, for
which a separate PPV was calculated. We estimated
95%CIs with the Wilson score interval [19] using Epi-
Tools [20].
In addition to retrieving colonoscopy and histopath-

ology reports, we collected data on sex, age, year of diag-
nosis, smoking, obesity, comorbidity, diagnostic tools
and indication for endoscopy. For evaluation of anaemia,
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we used 132 g/L for men and 122 g/L for women as
the lower limits of normal haemoglobin concentration
as proposed by Beutler and Waalen [21]. The size of
polyp characteristics was determined as either larger
or smaller than 10 mm as this size has been proposed
as the threshold for determining the future manage-
ment of SPs [22]. Other aspects investigated were
number of polyps (0, 1, 2–3 or ≥ 4), location (prox-
imal, distal, rectal) and grade of dysplasia (none, low,
high). The proximal colon was defined as the ileoce-
cal valve until the splenic flexure, followed by the dis-
tal colon until the last 10 cm of the gastrointestinal
tract that represent the rectum.
For the descriptive analysis, we calculated the popula-

tion and polyp characteristics according to SP sub-
groups. To reflect the previous version of the WHO
recommendations on SP classification, SPs described as
serrated adenomas (SAs) or mixed polyps with a serrated
component were deemed consistent with SSA/P [23].
Nonetheless, data were also analysed separately for these
polyp subgroups. Data on false positive SPs were also
presented separately.

Results
Data
The charts of 106 individuals were retrieved from path-
ology centres distributed in five counties in Sweden:
Dalarna, Norrbotten, Skaraborg, Stockholm and Örebro.

Positive predictive value (PPV)
SPs were confirmed in 101/106 individuals, yielding a
PPV of 95% (95%CI = 89–98%) (Table 1). Of the five in-
dividuals with false positive SPs, one had SP ruled out by

the pathologist. The other four individuals had SPs men-
tioned in the histopathology report but sufficient evi-
dence to confirm the diagnosis was lacking. No false
positive case was found among individuals identified by
SNOMED codes (n = 52), resulting in a PPV of 100%
(95%CI = 93–100%). For individuals identified by free-
text search of histopathology reports (n = 76), the PPV
was 93% (95%CI = 86–97). Out of these, 22 individuals
also had a SNOMED code.
By year of diagnosis, the PPV was 89% (95%CI =

69–97%), 96% (95%CI = 81–99%) and 97% (95%CI =
89–99%) for individuals diagnosed before 2001 (n =
19), between 2001 and 2010 (n = 26) and after 2010
(n = 61), respectively. All individuals diagnosed before
2000 were identified by free-text entries alone, while
69% (n = 36) of the individuals identified by
SNOMED codes were diagnosed after 2010. For indi-
viduals identified by SNOMED codes, the recorded
location was accurate in 49/52 (94%, 95%CI = 84–
98%) cases of all SP histopathology reports. The
three individuals with an incorrect recorded topog-
raphy code had been biopsied in the distal (sigmoid)
colon but recorded as having their polyp in the rec-
tum (T68). Only five individuals had a subsite-
specific topography code within the colon (T671-
T677), all of which were accurate.
Most individuals with SSA/Ps were identified by

SNOMED codes (n = 49, 70%), whereas most individ-
uals with HPs were identified by free-text searches (n
= 31, 91%). Of all individuals identified by SNOMED
codes, SSA/Ps were confirmed in 49/52 individuals,
resulting in a PPV of 94% (95%CI = 84–98%). The
false positive cases consisted of two TSAs (n = 2) and
one HP (n = 1).

Fig. 1 Flowchart for inclusion of individuals in the study. (Abbreviations: SPs = Serrated polyps)
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Some data suggest that cancers evolving through the
serrated pathway may account for up to 15–30% of all
CRC cases, and that they are significantly overrepresented
in interval cancers [6], i.e. CRC occurring before the next
recommended screening after an initially negative finding.
Even though the adenoma-carcinoma pathway still ac-
counts for the majority of the CRC burden, a recent study
comparing the risk of CRC development found that the
increased risk of CRC in individuals with SPs is similar or
higher than that seen in individuals with conventional ad-
enomas [7].
Little is known about the natural history of SP, which

may in part be due to the lack of availability of large-
scale data. Through the ESPRESSO (Epidemiology
Strengthened by histoPathology) study [8], we contacted
all pathology departments (n = 28) in Sweden to con-
struct a cohort of individuals with an SP diagnosis ac-
cording to computerised histopathology reports. We
then retrieved patient charts from 106 randomly selected
individuals with a record of SP. The primary purpose of
this study was to validate SP diagnosis according to
computerised histopathology reports against patient
chart data. A secondary aim was to describe the charac-
teristics of individuals with SPs.

Methods
We validated SP diagnosis based on computerised histo-
pathology reports in a random subset of individuals
through a structured, retrospective review of histopath-
ology reports and patient charts.

Study population
The ESPRESSO study consists of gastrointestinal histo-
pathology reports from 2.2 million unique individuals
with a total of 6.1 million separate data entries. Some
53.9% of individuals had been biopsied more than once.
Data on gastrointestinal histopathology reports were col-
lected between October 12, 2015 and April 15, 2017
from all pathology departments in Sweden (n = 28).
Overall we had data on 1,618,953 colon biopsies and
771,511 rectal biopsies [8]. Through the unique personal
identity number [9] assigned to all Swedish residents,
histopathology data were linked to the Swedish national
health registers (Patient Register [10], Cause of Death
Register [11], Cancer Register [12], Medical Birth Regis-
ter [13], Prescribed Drug Register [14], The LISA data-
base with socioeconomic data [15], as well as the Total
Population Register [16]). Details about ESPRESSO and
registry linkage have been described previously [8].
For the current study on SPs, we included individuals

with a colorectal biopsy (topography codes: T67–68)
with the following Systematised Nomenclature of Medi-
cine (SNOMED) codes: M82160, M8216, M82130,
M8213. We also included individuals with a colorectal

biopsy of which the histopathology report free text listed
“serrated polyp” (Swedish “sågtand(ad)”).

Study sample
Power calculation using EpiTools [17] indicated a mini-
mum of 139 individuals were needed to obtain a positive
predictive value (PPV) for SP of 90% with a 95% confi-
dence interval (95%CI) range of 85–95% (using an alpha
of 0.05 and a beta of 0.20). For this validation, we re-
quested patient charts from a random sample of 160 in-
dividuals with a histopathology report of SPs from five
Swedish counties. We were able to retrieve patient chart
data from 126 individuals, out of which 106 had suffi-
cient information for our validation (Fig. 1).

Case definition
We defined a true SP as having a consistent histopath-
ology report and a patient chart supporting an SP diag-
nosis. Individuals with an SP diagnosis could have one
or multiple SPs. Assessment of histopathology reports
and patient charts was executed by the principal author
(SRB). Uncertain cases were discussed with JFL and MS.
If no consensus was reached, the case was considered in-
consistent with SP.

Data elements
Data from patient charts were extracted using a standar-
dised form, similar to the form used by Svensson et al. in
their validation of microscopic colitis [18]. The starting
point of data extraction was set to 2 years before the
diagnosis until March 2018. The data from the patient
charts mainly included patient history, laboratory data,
referral letters and endoscopy and histopathology re-
ports. Individuals were excluded in the absence of a
histopathology report or insufficient/incomplete data.

Statistics
The main outcome of this study was the PPV for SP
diagnosis in the 106 individuals with patient charts con-
taining sufficient data. To identify any potential differ-
ences, results were stratified according to search method
(SNOMED codes or free-text search). Given the chan-
ging nomenclature of SPs over time, we also analysed
the data by year of diagnosis. For individuals identified
by SNOMED codes, we validated the SP location by
comparing the topography code with the patient chart.
SNOMED codes were also used to identify SSA/Ps, for
which a separate PPV was calculated. We estimated
95%CIs with the Wilson score interval [19] using Epi-
Tools [20].
In addition to retrieving colonoscopy and histopath-

ology reports, we collected data on sex, age, year of diag-
nosis, smoking, obesity, comorbidity, diagnostic tools
and indication for endoscopy. For evaluation of anaemia,
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we used 132 g/L for men and 122 g/L for women as
the lower limits of normal haemoglobin concentration
as proposed by Beutler and Waalen [21]. The size of
polyp characteristics was determined as either larger
or smaller than 10 mm as this size has been proposed
as the threshold for determining the future manage-
ment of SPs [22]. Other aspects investigated were
number of polyps (0, 1, 2–3 or ≥ 4), location (prox-
imal, distal, rectal) and grade of dysplasia (none, low,
high). The proximal colon was defined as the ileoce-
cal valve until the splenic flexure, followed by the dis-
tal colon until the last 10 cm of the gastrointestinal
tract that represent the rectum.
For the descriptive analysis, we calculated the popula-

tion and polyp characteristics according to SP sub-
groups. To reflect the previous version of the WHO
recommendations on SP classification, SPs described as
serrated adenomas (SAs) or mixed polyps with a serrated
component were deemed consistent with SSA/P [23].
Nonetheless, data were also analysed separately for these
polyp subgroups. Data on false positive SPs were also
presented separately.

Results
Data
The charts of 106 individuals were retrieved from path-
ology centres distributed in five counties in Sweden:
Dalarna, Norrbotten, Skaraborg, Stockholm and Örebro.

Positive predictive value (PPV)
SPs were confirmed in 101/106 individuals, yielding a
PPV of 95% (95%CI = 89–98%) (Table 1). Of the five in-
dividuals with false positive SPs, one had SP ruled out by

the pathologist. The other four individuals had SPs men-
tioned in the histopathology report but sufficient evi-
dence to confirm the diagnosis was lacking. No false
positive case was found among individuals identified by
SNOMED codes (n = 52), resulting in a PPV of 100%
(95%CI = 93–100%). For individuals identified by free-
text search of histopathology reports (n = 76), the PPV
was 93% (95%CI = 86–97). Out of these, 22 individuals
also had a SNOMED code.
By year of diagnosis, the PPV was 89% (95%CI =

69–97%), 96% (95%CI = 81–99%) and 97% (95%CI =
89–99%) for individuals diagnosed before 2001 (n =
19), between 2001 and 2010 (n = 26) and after 2010
(n = 61), respectively. All individuals diagnosed before
2000 were identified by free-text entries alone, while
69% (n = 36) of the individuals identified by
SNOMED codes were diagnosed after 2010. For indi-
viduals identified by SNOMED codes, the recorded
location was accurate in 49/52 (94%, 95%CI = 84–
98%) cases of all SP histopathology reports. The
three individuals with an incorrect recorded topog-
raphy code had been biopsied in the distal (sigmoid)
colon but recorded as having their polyp in the rec-
tum (T68). Only five individuals had a subsite-
specific topography code within the colon (T671-
T677), all of which were accurate.
Most individuals with SSA/Ps were identified by

SNOMED codes (n = 49, 70%), whereas most individ-
uals with HPs were identified by free-text searches (n
= 31, 91%). Of all individuals identified by SNOMED
codes, SSA/Ps were confirmed in 49/52 individuals,
resulting in a PPV of 94% (95%CI = 84–98%). The
false positive cases consisted of two TSAs (n = 2) and
one HP (n = 1).

Fig. 1 Flowchart for inclusion of individuals in the study. (Abbreviations: SPs = Serrated polyps)
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Table 1 Positive predictive value of serrated polyps in Swedish histopathology reports

Variable SNOMED codes M8213(0)/M8216(0) Free text “serrated” Total

Individuals 52 (49%) 76 (72%) 106 (100%)

By subtype

Hyperplastic polyp 5 (10%) 31 (41%) 34 (32%)

Traditional serrated adenoma 2 (4%) 3 (4%) 3 (3%)

Sessile serrated adenoma/polyp 49 (94%) 40 (53%) 70 (66%)

Unspecified serrated polyp 0 (0%) 3 (4%) 3 (3%)

False positive serrated polyp 0 (0%) 5 (7%) 5 (5%)

PPV, SP diagnosis 52/52, 100% (95%CI = 93–100%) 71/76, 93% (95%CI = 86–97%) 101/106, 95% (95%CI = 89–98%)

By year of diagnosis

< 2000 0/0 17/19, 89% 17/19, 89%

2000–2009 16/16, 100% 10/11, 91% 25/26, 96%

≥ 2010 36/36, 100% 44/46, 96% 59/61, 97%

PPV, location 49/52, 94% (95%CI = 84–98%) – –

By topography code

T67 25/25, 100% – –

T671 1/1, 100% – –

T672 3/3, 100% – –

T677 2/2, 100% – –

T68 18/21, 86% – –

PPV, SSA/P diagnosis 49/52, 94% (95%CI = 84–98%) – –

Abbreviations: CI = Confidence interval; PPV = Positive predictive value; SP = Serrated polyp; SNOMED = Systematised Nomenclature of Medicine

Table 2 Demographics of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Year of diagnosis

Min 1989 2015 2011 2002 2008 2002 2005 1991 1989

Median 2003 2015 2014 2013 2014 2014 2008 2007 2012

Max 2016 2016 2016 2015 2015 2016 2014 2014 2016

Age

Min 39 52 59 41 53 41 62 35 35

Median 68 58 64 74 74 74 65 73 70

Max 82 66 78 93 85 93 70 87 93

Sex

Female 15 (44%) 0 (0%) 5 (63%) 26 (51%) 5 (42%) 35 (50%) 3 (100%) 1 (20%) 50 (47%)

Detection procedure

Colonoscopy 28 (82%) 2 (67%) 7 (88%) 40 (78%) 10 (83%) 57 (87%) 3 (100%) 5 (100%) 86 (81%)

Partial lower endoscopy* 5 (15%) 1 (33%) 0 (0%) 9 (18%) 0 (0%) 9 (0%) 0 (0%) 0 (0%) 15 (14%)

Colectomy 1 (3%) 0 (0%) 1 (13%) 2 (4%) 2 (17%) 4 (13%) 0 (0%) 0 (0%) 5 (5%)

Abbreviations: F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp; TSA = Traditional
serrated adenoma; U = Unspecified serrated polyp. *Sigmoidoscopy, rectoscopy or proctoscopy
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Demographics and risk factors
Of the 106 validated individuals, 50 were female (47%)
and the median age at diagnosis was 70 years (Table 2).
Most SP cases were diagnosed through colonoscopy
(n = 86, 81%), with smaller proportions diagnosed
through partial lower endoscopy (sigmoidoscopy, recto-
scopy or proctoscopy, n = 15, 14%) or hemicolectomy
(n = 5, 5%). The data were stratified as follows: HP (n =
34, 32%), TSA (n = 3, 3%), SSA/P (n = 70, 66%), unspeci-
fied SP (n = 3, 3%), and false positive SP (n = 5, 5%). The
SSA/P subgroup also included polyps described as ser-
rated adenomas (n = 51) and mixed polyps (n = 12). Be-
cause some individuals had polyps of different subtypes
(n = 9), the sum of individuals in the subgroups exceeds
the total number of individuals reviewed. Notably, the HP
subgroup was diagnosed earlier than the SPs overall (me-
dian year: 2003 vs. 2012) and there were no polyps specif-
ically described as an SSA/P or TSA before 2011. Polyps
described specifically as serrated adenomas were reported
as early as 2002. Otherwise, population characteristics
were similar in the different SP subgroups.
At diagnosis, 16 (15%) individuals were current

smokers, whereas 14 (13%) had a record of earlier
smoking (Table 3). Obesity (body mass index, BMI
≥30 or indication of obesity in the patient chart) was
seen in 12 individuals (11%). Heredity for CRC, intes-
tinal polyposis syndromes, or both was reported in
seven individuals (7%). Common comorbidities con-
sisted of diverticulosis (n = 45, 42%), conventional ad-
enomas (n = 33, 31%), CRC (n = 19, 18%) and
inflammatory bowel disease (IBD) (n = 10, 9%). Co-
morbidities were defined as having a diagnosis prior
to or in conjunction with a diagnosis of SP, except

for conventional adenomas for which prior diagnoses
were not considered.

Indications and symptoms
Most individuals underwent endoscopy for clinical symp-
toms (n = 64, 60%) (Table 4). For individuals with symp-
tomatic indications and SP as their only significant
endoscopic finding (n = 28), the most frequent symptoms
were change in stool form (diarrhoea or obstipation, n =
21, 75%), change in stool colour (haematochezia or
melena, n = 14, 50%) and anaemia (n = 11, 39%). Endosco-
pies carried out due to an asymptomatic indication (n =
39, 37%) mostly consisted of surveillance endoscopies due
to a history of previous polyps or adenomas (n = 18, 46%),
a history of CRC (n = 3, 8%) or a history of IBD (n = 5,
13%). CRC screening was also a frequent indication of
asymptomatic endoscopies (n = 8, 21%), out of which six
individuals also had a positive faecal occult blood test
(FOBT) prior to the endoscopy.
The most frequent symptoms in individuals in our co-

hort, regardless of endoscopy indication, were change in
stool form (n = 47, 44%), change in stool colour (n = 36,
34%), anaemia (n = 30, 28%), abdominal pain (n = 22,
21%), weight loss (n = 9, 8%) and fatigue (n = 8, 8%).
Other less frequent symptoms included nausea (n = 4,
4%), anal burning (n = 2, 2%), fever (n = 1, 1%), loss of
appetite (n = 1, 1%) and dyspnoea (n = 1, 1%). Fifteen in-
dividuals (14%) had a positive FOBT before endoscopy.
In total, clinical signs of gastrointestinal bleeding
(change in stool colour, anaemia or FOBT) were seen in
58 (55%) individuals in total and in 28 (61%) individuals
with SP as their only endoscopic finding.

Table 3 Risk factors and comorbidity of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Smoking

Current 8 (24%) 1 (33%) 1 (13%) 2 (4%) 4 (33%) 7 (10%) 2 (67%) 0 (0%) 16 (15%)

Previous 5 (15%) 2 (67%) 3 (38%) 5 (10%) 2 (17%) 10 (14%) 0 (0%) 0 (0%) 14 (13%)

BMI

Obese* 3 (9%) 2 (67%) 2 (25%) 5 (10%) 1 (8%) 8 (11%) 1 (33%) 0 (0%) 12 (11%)

Heredity

CRC + § 2 (6%) 0 (0%) 2 (25%) 1 (2%) 1 (8%) 4 (6%) 1 (33%) 0 (0%) 7 (7%)

Comorbidity

Diverticulosis 9 (26%) 1 (33%) 4 (50%) 24 (47%) 8 (67%) 36 (51%) 1 (33%) 1 (20%) 45 (42%)

CRC 3 (9%) 1 (33%) 3 (38%) 10 (20%) 3 (25%) 15 (21%) 2 (67%) 0 (0% 19 (18%)

IBD 4 (12%) 0 (0%) 0 (0%) 5 (10%) 1 (8%) 6 (9%) 0 (0%) 0 (0%) 10 (9%)

Abbreviations: BMI = Body mass index; CRC = Colorectal cancer; F = False positive serrated polyp; HP = Hyperplastic polyp; IBD = Inflammatory bowel disease; SA =
Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *BMI ≥ 30 or indication of obesity
in patient chart, §CRC and/or intestinal polyposis syndromes
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Table 1 Positive predictive value of serrated polyps in Swedish histopathology reports

Variable SNOMED codes M8213(0)/M8216(0) Free text “serrated” Total

Individuals 52 (49%) 76 (72%) 106 (100%)

By subtype

Hyperplastic polyp 5 (10%) 31 (41%) 34 (32%)

Traditional serrated adenoma 2 (4%) 3 (4%) 3 (3%)

Sessile serrated adenoma/polyp 49 (94%) 40 (53%) 70 (66%)

Unspecified serrated polyp 0 (0%) 3 (4%) 3 (3%)

False positive serrated polyp 0 (0%) 5 (7%) 5 (5%)

PPV, SP diagnosis 52/52, 100% (95%CI = 93–100%) 71/76, 93% (95%CI = 86–97%) 101/106, 95% (95%CI = 89–98%)

By year of diagnosis

< 2000 0/0 17/19, 89% 17/19, 89%

2000–2009 16/16, 100% 10/11, 91% 25/26, 96%

≥ 2010 36/36, 100% 44/46, 96% 59/61, 97%

PPV, location 49/52, 94% (95%CI = 84–98%) – –

By topography code

T67 25/25, 100% – –

T671 1/1, 100% – –

T672 3/3, 100% – –

T677 2/2, 100% – –

T68 18/21, 86% – –

PPV, SSA/P diagnosis 49/52, 94% (95%CI = 84–98%) – –

Abbreviations: CI = Confidence interval; PPV = Positive predictive value; SP = Serrated polyp; SNOMED = Systematised Nomenclature of Medicine

Table 2 Demographics of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Year of diagnosis

Min 1989 2015 2011 2002 2008 2002 2005 1991 1989

Median 2003 2015 2014 2013 2014 2014 2008 2007 2012

Max 2016 2016 2016 2015 2015 2016 2014 2014 2016

Age

Min 39 52 59 41 53 41 62 35 35

Median 68 58 64 74 74 74 65 73 70

Max 82 66 78 93 85 93 70 87 93

Sex

Female 15 (44%) 0 (0%) 5 (63%) 26 (51%) 5 (42%) 35 (50%) 3 (100%) 1 (20%) 50 (47%)

Detection procedure

Colonoscopy 28 (82%) 2 (67%) 7 (88%) 40 (78%) 10 (83%) 57 (87%) 3 (100%) 5 (100%) 86 (81%)

Partial lower endoscopy* 5 (15%) 1 (33%) 0 (0%) 9 (18%) 0 (0%) 9 (0%) 0 (0%) 0 (0%) 15 (14%)

Colectomy 1 (3%) 0 (0%) 1 (13%) 2 (4%) 2 (17%) 4 (13%) 0 (0%) 0 (0%) 5 (5%)

Abbreviations: F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp; TSA = Traditional
serrated adenoma; U = Unspecified serrated polyp. *Sigmoidoscopy, rectoscopy or proctoscopy
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Demographics and risk factors
Of the 106 validated individuals, 50 were female (47%)
and the median age at diagnosis was 70 years (Table 2).
Most SP cases were diagnosed through colonoscopy
(n = 86, 81%), with smaller proportions diagnosed
through partial lower endoscopy (sigmoidoscopy, recto-
scopy or proctoscopy, n = 15, 14%) or hemicolectomy
(n = 5, 5%). The data were stratified as follows: HP (n =
34, 32%), TSA (n = 3, 3%), SSA/P (n = 70, 66%), unspeci-
fied SP (n = 3, 3%), and false positive SP (n = 5, 5%). The
SSA/P subgroup also included polyps described as ser-
rated adenomas (n = 51) and mixed polyps (n = 12). Be-
cause some individuals had polyps of different subtypes
(n = 9), the sum of individuals in the subgroups exceeds
the total number of individuals reviewed. Notably, the HP
subgroup was diagnosed earlier than the SPs overall (me-
dian year: 2003 vs. 2012) and there were no polyps specif-
ically described as an SSA/P or TSA before 2011. Polyps
described specifically as serrated adenomas were reported
as early as 2002. Otherwise, population characteristics
were similar in the different SP subgroups.
At diagnosis, 16 (15%) individuals were current

smokers, whereas 14 (13%) had a record of earlier
smoking (Table 3). Obesity (body mass index, BMI
≥30 or indication of obesity in the patient chart) was
seen in 12 individuals (11%). Heredity for CRC, intes-
tinal polyposis syndromes, or both was reported in
seven individuals (7%). Common comorbidities con-
sisted of diverticulosis (n = 45, 42%), conventional ad-
enomas (n = 33, 31%), CRC (n = 19, 18%) and
inflammatory bowel disease (IBD) (n = 10, 9%). Co-
morbidities were defined as having a diagnosis prior
to or in conjunction with a diagnosis of SP, except

for conventional adenomas for which prior diagnoses
were not considered.

Indications and symptoms
Most individuals underwent endoscopy for clinical symp-
toms (n = 64, 60%) (Table 4). For individuals with symp-
tomatic indications and SP as their only significant
endoscopic finding (n = 28), the most frequent symptoms
were change in stool form (diarrhoea or obstipation, n =
21, 75%), change in stool colour (haematochezia or
melena, n = 14, 50%) and anaemia (n = 11, 39%). Endosco-
pies carried out due to an asymptomatic indication (n =
39, 37%) mostly consisted of surveillance endoscopies due
to a history of previous polyps or adenomas (n = 18, 46%),
a history of CRC (n = 3, 8%) or a history of IBD (n = 5,
13%). CRC screening was also a frequent indication of
asymptomatic endoscopies (n = 8, 21%), out of which six
individuals also had a positive faecal occult blood test
(FOBT) prior to the endoscopy.
The most frequent symptoms in individuals in our co-

hort, regardless of endoscopy indication, were change in
stool form (n = 47, 44%), change in stool colour (n = 36,
34%), anaemia (n = 30, 28%), abdominal pain (n = 22,
21%), weight loss (n = 9, 8%) and fatigue (n = 8, 8%).
Other less frequent symptoms included nausea (n = 4,
4%), anal burning (n = 2, 2%), fever (n = 1, 1%), loss of
appetite (n = 1, 1%) and dyspnoea (n = 1, 1%). Fifteen in-
dividuals (14%) had a positive FOBT before endoscopy.
In total, clinical signs of gastrointestinal bleeding
(change in stool colour, anaemia or FOBT) were seen in
58 (55%) individuals in total and in 28 (61%) individuals
with SP as their only endoscopic finding.

Table 3 Risk factors and comorbidity of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Smoking

Current 8 (24%) 1 (33%) 1 (13%) 2 (4%) 4 (33%) 7 (10%) 2 (67%) 0 (0%) 16 (15%)

Previous 5 (15%) 2 (67%) 3 (38%) 5 (10%) 2 (17%) 10 (14%) 0 (0%) 0 (0%) 14 (13%)

BMI

Obese* 3 (9%) 2 (67%) 2 (25%) 5 (10%) 1 (8%) 8 (11%) 1 (33%) 0 (0%) 12 (11%)

Heredity

CRC + § 2 (6%) 0 (0%) 2 (25%) 1 (2%) 1 (8%) 4 (6%) 1 (33%) 0 (0%) 7 (7%)

Comorbidity

Diverticulosis 9 (26%) 1 (33%) 4 (50%) 24 (47%) 8 (67%) 36 (51%) 1 (33%) 1 (20%) 45 (42%)

CRC 3 (9%) 1 (33%) 3 (38%) 10 (20%) 3 (25%) 15 (21%) 2 (67%) 0 (0% 19 (18%)

IBD 4 (12%) 0 (0%) 0 (0%) 5 (10%) 1 (8%) 6 (9%) 0 (0%) 0 (0%) 10 (9%)

Abbreviations: BMI = Body mass index; CRC = Colorectal cancer; F = False positive serrated polyp; HP = Hyperplastic polyp; IBD = Inflammatory bowel disease; SA =
Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *BMI ≥ 30 or indication of obesity
in patient chart, §CRC and/or intestinal polyposis syndromes
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Polyp characteristics
According to endoscopy reports, 44 (42%) individuals
had one polyp at diagnosis, 33 (31%) had 2–3 polyps and
27 (25%) had ≥4 polyps (Table 5). Two persons with a
false positive SP had no certain polyps. The total
number of polyps was 155, which could be classified
into HPs (n = 61, 39%), TSAs (n = 3, 2%), SSA/Ps
(n = 80, 52%), unspecified SPs (n = 8, 5%) and false
positive SPs (n = 3, 2%). The size of the polyps was
determined as either large (≥10 mm) or small (< 10
mm). In all, there were 58 (37%) small polyps and 37
(24%) large polyps. Only four (7%) HPs were consid-
ered large, out of which two were proximal. In con-
trast, all TSAs were large (n = 3, 100%), whereas SSA/
Ps presented a more even distribution regarding size
(small: n = 31, 39%, large: n = 28, 35%). In terms of lo-
cation unspecified SPs were predominantly found in
the proximal colon (n = 7, 88%), whereas SSA/Ps
were generally found either proximally (n = 39, 49%)
or rectally (n = 26, 33%). TSAs were seen in the distal
colon (n = 1, 33%) or rectum (n = 2, 67%), whereas
HPs were relatively evenly distributed.
Evaluating the grade of dysplasia, 26 polyps had no

sign of dysplasia (17%). Low-grade dysplasia was seen in
70 (45%) polyps and high grade in 5 (3%). Polyps with
no dysplasia were overrepresented among HPs (n = 16,
26%) and unspecified SPs (n = 5, 63%). In 43 (70%) HPs
degree of dysplasia was not specified. The number of
polyps with unspecified degree of dysplasia in the other
subgroups was 0 (0%) for TSA, 9 (11%) for SSA/P and 2
(25%) for unspecified SP. Most TSAs and SSA/Ps exhib-
ited low-grade dysplasia (TSA: n = 3, 100%; SSA/P: n =

61, 76%); cases of high-grade dysplasia were only seen in
SSA/Ps (n = 5, 6%).

Discussion
Our study found a high PPV (95%, 95%CI: 89–98%) for
SPs according to colorectal histopathology reports based
on SNOMED codes and free-text searches. The high
PPV was similar over time. This finding suggests that
histopathology reports are a reliable source to identify
individuals with SPs. The PPV of this study is compar-
able with that of other gastrointestinal diagnoses based
on histopathology: celiac disease (PPV 95%) and micro-
scopic colitis (PPV 95%) [18, 24]. The high specificity for
SPs is not surprising given that the assignment of the
SNOMED code and free-text diagnosis is already based
on histopathological evaluation.
As to search method, the use of SNOMED codes to

identify individuals with SPs had a higher specificity than
the use of free-text search (PPV: 100% vs. 93%), but still
the PPV using free text is consistent with the accuracy
of having a physician-assigned diagnosis in the Swedish
Patient Register (95%CI PPV = 85–95%) [10]. Further-
more, the high PPV of SSA/P among individuals identi-
fied through SNOMED codes (94%, 95%CI: 84–98%)
indicates that an exclusive use of SNOMED codes can
serve to target these polyps specifically. For individuals
identified by SNOMED codes, the corresponding topog-
raphy codes can also be used to determine the location
of the SPs and SSA/Ps (PPV: 94%; 95%CI = 84–98%).
The cases of incorrect topography codes exclusively con-
cerned individuals with a rectal topography code (T68),
which were classified as distal (sigmoidal) according to

Table 4 Endoscopy indication and symptoms of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Indication

Symptomatic 18 (53%) 1 (33%) 3 (38%) 35 (69%) 8 (67%) 45 (64%) 1 (33%) 4 (80%) 64 (60%)

Non-symptomatic* 15 (44%) 2 (67%) 5 (63%) 14 (27%) 4 (33%) 23 (33%) 2 (67%) 1 (20%) 39 (37%)

Unspecified 1 (3%) 0 (0%) 0 (0%) 2 (4%) 0 (0%) 2 (3%) 0 (0%) 0 (0%) 3 (3%)

Symptoms

Change in stool form 16 (47%) 1 (33%) 2 (25%) 23 (45%) 5 (42%) 30 (43%) 0 (0%) 2 (40%) 47 (44%)

Change in stool colour 9 (26%) 0 (0%) 3 (38%) 22 (43%) 3 (25%) 27 (39%) 1 (33%) 1 (20%) 36 (34%)

Abdominal pain 5 (15%) 0 (0%) 4 (50%) 10 (20%) 2 (17%) 15 (21%) 1 (33%) 1 (20%) 22 (21%)

Weight loss 2 (6%) 0 (0%) 0 (0%) 6 (12%) 1 (8%) 7 (10%) 1 (33%) 0 (0%) 9 (8%)

Fatigue 2 (6%) 0 (0%) 0 (0%) 4 (8%) 2 (17%) 6 (9%) 0 (0%) 0 (0%) 8 (8%)

Anaemia 6 (18%) 0 (0%) 1 (13%) 18 (35%) 4 (33%) 22 (31%) 1 (33%) 2 (40%) 30 (28%)

Positive FOBT 4 (12%) 3 (100%) 1 (13%) 4 (8%) 3 (25%) 8 (11%) 2 (67%) 0 (0%) 15 (14%)

Others§ 4 (12%) 0 (0%) 0 (0%) 5 (10%) 0 (0%) 5 (7%) 0 (0%) 0 (0%) 8 (8%)

Abbreviations: F = False positive serrated polyp; FOBT = Faecal occult blood test; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated
adenoma/polyp; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Polyp surveillance, CRC screening, etc., §Fever, burning, nausea, etc.
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our validation. This discrepancy occurred because we
mainly used endoscopy reports to determine the macro-
scopic location of the polyps, whereas topography codes
are assigned by the pathologist and sometimes based on
histological appearance.
Subsequent to the recognition of the different SP sub-

groups, several studies have investigated their respective
prevalence. HPs have consistently been shown to be the
most common subtype, representing 70–90% of all SPs
[25–27]. Likewise, SSA/Ps have been shown to represent
up to 10–25% of all SPs while TSAs represent about 1%
[25–29]. In our study, we primarily targeted SSA/Ps. As
such, we did not include SNOMED codes for HPs. Con-
sequently, the proportion of HPs in our cohort does not
reflect the overall proportion among SPs, as HPs are
likely to have been included when they have been de-
scribed as “serrated” in the histopathology report. As a
result, most individuals with HPs have been identified by
free-text searches (n = 31, 91%).

Given the evolving nomenclature of SPs, a large num-
ber of polyps in our study were described following the
previous version of the WHO classification of colorectal
polyps published in 2000 [23]. This version recognised
HPs separately and SAs as a subtype under adenomas.
Within the SA subtype, there was no differentiation be-
tween SSA/Ps and TSAs. As such, polyps described as
serrated adenomas can represent any of these two. How-
ever, given the predominate prevalence of SSA/Ps, it is
reasonable to assume that the number of TSAs de-
scribed as serrated adenomas is small. It is also reassur-
ing to note that the specific SP descriptions correlated
well with the publication year of the different WHO
classifications, i.e. polyps described as serrated adenomas
began to appear after 2000 and polyps described as SSA/
Ps or TSAs were found only after 2010.
The individuals in our study were equally distributed in

terms of sex (female: 47%). However, the mean age of the
cohort was 70 (range: 35–93) years, which is slightly

Table 5 Characteristics of serrated polyps

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

Individuals 34 (32%) 3 (3%) 8 (3%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Number of polyps*

0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (40%) 2 (2%)

1 8 (24%) 2 (67%) 4 (50%) 24 (47%) 5 (42%) 33 (47%) 0 (0%) 1 (20%) 44 (42%)

2–3 11 (32%) 1 (33%) 2 (25%) 15 (29%) 4 (33%) 21 (30%) 1 (33%) 2 (40%) 33 (31%)

≥ 4 15 (44%) 0 (0%) 2 (25%) 12 (24%) 3 (25%) 16 (23%) 2 (67%) 0 (0%) 27 (25%)

Simultaneous findings

Conventional adenoma 15 (44%) 0 (0%) 0 (0%) 17 (33%) 5 (42%) 22 (31%) 0 (0%) 1 (20%) 33 (31%)

CRC 1 (3%) 0 (0%) 3 (38%) 5 (10%) 1 (8%) 8 (11%) 1 (33%) 0 (0%) 10 (9%)

POLYPS 61 (39%) 3 (2%) 11 (7%) 56 (36%) 13 (8%) 80 (52%) 8 (5%) 3 (2%) 155 (100%)

Size

< 10 26 (43%) 0 (0%) 5 (45%) 24 (43%) 2 (15%) 31 (39%) 0 (0%) 1 (33%) 58 (37%)

≥ 10 4 (7%) 3 (100%) 5 (45%) 16 (29%) 7 (54%) 28 (35%) 2 (25%) 0 (0%) 37 (24%)

Unspecified 31 (51%) 0 (0%) 1 (9%) 16 (29%) 4 (31%) 21 (26%) 6 (75%) 2 (67%) 60 (39%)

Location

Proximal 25 (41%) 0 (0%) 9 (82%) 23 (41%) 7 (54%) 39 (49%) 7 (88%) 0 (0%) 71 (46%)

Distal 25 (41%) 1 (33%) 2 (18%) 8 (14%) 5 (38%) 15 (19%) 1 (13%) 2 (67%) 44 (28%)

Rectal 11 (18%) 2 (67%) 0 (0%) 25 (45%) 1 (8%) 26 (33%) 0 (%) 1 (33%) 40 (26%)

Unspecified 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Dysplasia

None 16 (26%) 0 (0%) 2 (18%) 3 (5%) 0 (0%) 5 (6%) 5 (63%) 0 (0%) 26 (17%)

Low 2 (3%) 3 (100%) 4 (36%) 45 (80%) 12 (92%) 61 (76%) 1 (13%) 3 (100%) 70 (45%)

High 0 (0%) 0 (0%) 1 (9%) 3 (5%) 1 (8%) 5 (6%) 0 (0%) 0 (0%) 5 (3%)

Unspecified 43 (70%) 0 (0%) 4 (36%) 5 (9%) 0 (0%) 9 (11%) 2 (25%) 0 (0%) 54 (35%)

Abbreviations: CRC = Colorectal cancer; F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp;
TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Includes conventional adenomas
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PAPER I

Polyp characteristics
According to endoscopy reports, 44 (42%) individuals
had one polyp at diagnosis, 33 (31%) had 2–3 polyps and
27 (25%) had ≥4 polyps (Table 5). Two persons with a
false positive SP had no certain polyps. The total
number of polyps was 155, which could be classified
into HPs (n = 61, 39%), TSAs (n = 3, 2%), SSA/Ps
(n = 80, 52%), unspecified SPs (n = 8, 5%) and false
positive SPs (n = 3, 2%). The size of the polyps was
determined as either large (≥10 mm) or small (< 10
mm). In all, there were 58 (37%) small polyps and 37
(24%) large polyps. Only four (7%) HPs were consid-
ered large, out of which two were proximal. In con-
trast, all TSAs were large (n = 3, 100%), whereas SSA/
Ps presented a more even distribution regarding size
(small: n = 31, 39%, large: n = 28, 35%). In terms of lo-
cation unspecified SPs were predominantly found in
the proximal colon (n = 7, 88%), whereas SSA/Ps
were generally found either proximally (n = 39, 49%)
or rectally (n = 26, 33%). TSAs were seen in the distal
colon (n = 1, 33%) or rectum (n = 2, 67%), whereas
HPs were relatively evenly distributed.
Evaluating the grade of dysplasia, 26 polyps had no

sign of dysplasia (17%). Low-grade dysplasia was seen in
70 (45%) polyps and high grade in 5 (3%). Polyps with
no dysplasia were overrepresented among HPs (n = 16,
26%) and unspecified SPs (n = 5, 63%). In 43 (70%) HPs
degree of dysplasia was not specified. The number of
polyps with unspecified degree of dysplasia in the other
subgroups was 0 (0%) for TSA, 9 (11%) for SSA/P and 2
(25%) for unspecified SP. Most TSAs and SSA/Ps exhib-
ited low-grade dysplasia (TSA: n = 3, 100%; SSA/P: n =

61, 76%); cases of high-grade dysplasia were only seen in
SSA/Ps (n = 5, 6%).

Discussion
Our study found a high PPV (95%, 95%CI: 89–98%) for
SPs according to colorectal histopathology reports based
on SNOMED codes and free-text searches. The high
PPV was similar over time. This finding suggests that
histopathology reports are a reliable source to identify
individuals with SPs. The PPV of this study is compar-
able with that of other gastrointestinal diagnoses based
on histopathology: celiac disease (PPV 95%) and micro-
scopic colitis (PPV 95%) [18, 24]. The high specificity for
SPs is not surprising given that the assignment of the
SNOMED code and free-text diagnosis is already based
on histopathological evaluation.
As to search method, the use of SNOMED codes to

identify individuals with SPs had a higher specificity than
the use of free-text search (PPV: 100% vs. 93%), but still
the PPV using free text is consistent with the accuracy
of having a physician-assigned diagnosis in the Swedish
Patient Register (95%CI PPV = 85–95%) [10]. Further-
more, the high PPV of SSA/P among individuals identi-
fied through SNOMED codes (94%, 95%CI: 84–98%)
indicates that an exclusive use of SNOMED codes can
serve to target these polyps specifically. For individuals
identified by SNOMED codes, the corresponding topog-
raphy codes can also be used to determine the location
of the SPs and SSA/Ps (PPV: 94%; 95%CI = 84–98%).
The cases of incorrect topography codes exclusively con-
cerned individuals with a rectal topography code (T68),
which were classified as distal (sigmoidal) according to

Table 4 Endoscopy indication and symptoms of individuals with serrated polyps according to Swedish histopathology reports

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

INDIVIDUALS 34 (32%) 3 (3%) 8 (8%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Indication

Symptomatic 18 (53%) 1 (33%) 3 (38%) 35 (69%) 8 (67%) 45 (64%) 1 (33%) 4 (80%) 64 (60%)

Non-symptomatic* 15 (44%) 2 (67%) 5 (63%) 14 (27%) 4 (33%) 23 (33%) 2 (67%) 1 (20%) 39 (37%)

Unspecified 1 (3%) 0 (0%) 0 (0%) 2 (4%) 0 (0%) 2 (3%) 0 (0%) 0 (0%) 3 (3%)

Symptoms

Change in stool form 16 (47%) 1 (33%) 2 (25%) 23 (45%) 5 (42%) 30 (43%) 0 (0%) 2 (40%) 47 (44%)

Change in stool colour 9 (26%) 0 (0%) 3 (38%) 22 (43%) 3 (25%) 27 (39%) 1 (33%) 1 (20%) 36 (34%)

Abdominal pain 5 (15%) 0 (0%) 4 (50%) 10 (20%) 2 (17%) 15 (21%) 1 (33%) 1 (20%) 22 (21%)

Weight loss 2 (6%) 0 (0%) 0 (0%) 6 (12%) 1 (8%) 7 (10%) 1 (33%) 0 (0%) 9 (8%)

Fatigue 2 (6%) 0 (0%) 0 (0%) 4 (8%) 2 (17%) 6 (9%) 0 (0%) 0 (0%) 8 (8%)

Anaemia 6 (18%) 0 (0%) 1 (13%) 18 (35%) 4 (33%) 22 (31%) 1 (33%) 2 (40%) 30 (28%)

Positive FOBT 4 (12%) 3 (100%) 1 (13%) 4 (8%) 3 (25%) 8 (11%) 2 (67%) 0 (0%) 15 (14%)

Others§ 4 (12%) 0 (0%) 0 (0%) 5 (10%) 0 (0%) 5 (7%) 0 (0%) 0 (0%) 8 (8%)

Abbreviations: F = False positive serrated polyp; FOBT = Faecal occult blood test; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated
adenoma/polyp; TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Polyp surveillance, CRC screening, etc., §Fever, burning, nausea, etc.
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our validation. This discrepancy occurred because we
mainly used endoscopy reports to determine the macro-
scopic location of the polyps, whereas topography codes
are assigned by the pathologist and sometimes based on
histological appearance.
Subsequent to the recognition of the different SP sub-

groups, several studies have investigated their respective
prevalence. HPs have consistently been shown to be the
most common subtype, representing 70–90% of all SPs
[25–27]. Likewise, SSA/Ps have been shown to represent
up to 10–25% of all SPs while TSAs represent about 1%
[25–29]. In our study, we primarily targeted SSA/Ps. As
such, we did not include SNOMED codes for HPs. Con-
sequently, the proportion of HPs in our cohort does not
reflect the overall proportion among SPs, as HPs are
likely to have been included when they have been de-
scribed as “serrated” in the histopathology report. As a
result, most individuals with HPs have been identified by
free-text searches (n = 31, 91%).

Given the evolving nomenclature of SPs, a large num-
ber of polyps in our study were described following the
previous version of the WHO classification of colorectal
polyps published in 2000 [23]. This version recognised
HPs separately and SAs as a subtype under adenomas.
Within the SA subtype, there was no differentiation be-
tween SSA/Ps and TSAs. As such, polyps described as
serrated adenomas can represent any of these two. How-
ever, given the predominate prevalence of SSA/Ps, it is
reasonable to assume that the number of TSAs de-
scribed as serrated adenomas is small. It is also reassur-
ing to note that the specific SP descriptions correlated
well with the publication year of the different WHO
classifications, i.e. polyps described as serrated adenomas
began to appear after 2000 and polyps described as SSA/
Ps or TSAs were found only after 2010.
The individuals in our study were equally distributed in

terms of sex (female: 47%). However, the mean age of the
cohort was 70 (range: 35–93) years, which is slightly

Table 5 Characteristics of serrated polyps

Variable HP TSA SSA/P U F Total

SSA/P SA Mixed Total

Individuals 34 (32%) 3 (3%) 8 (3%) 51 (48%) 12 (11%) 70 (66%) 3 (3%) 5 (5%) 106 (100%)

Number of polyps*

0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (40%) 2 (2%)

1 8 (24%) 2 (67%) 4 (50%) 24 (47%) 5 (42%) 33 (47%) 0 (0%) 1 (20%) 44 (42%)

2–3 11 (32%) 1 (33%) 2 (25%) 15 (29%) 4 (33%) 21 (30%) 1 (33%) 2 (40%) 33 (31%)

≥ 4 15 (44%) 0 (0%) 2 (25%) 12 (24%) 3 (25%) 16 (23%) 2 (67%) 0 (0%) 27 (25%)

Simultaneous findings

Conventional adenoma 15 (44%) 0 (0%) 0 (0%) 17 (33%) 5 (42%) 22 (31%) 0 (0%) 1 (20%) 33 (31%)

CRC 1 (3%) 0 (0%) 3 (38%) 5 (10%) 1 (8%) 8 (11%) 1 (33%) 0 (0%) 10 (9%)

POLYPS 61 (39%) 3 (2%) 11 (7%) 56 (36%) 13 (8%) 80 (52%) 8 (5%) 3 (2%) 155 (100%)

Size

< 10 26 (43%) 0 (0%) 5 (45%) 24 (43%) 2 (15%) 31 (39%) 0 (0%) 1 (33%) 58 (37%)

≥ 10 4 (7%) 3 (100%) 5 (45%) 16 (29%) 7 (54%) 28 (35%) 2 (25%) 0 (0%) 37 (24%)

Unspecified 31 (51%) 0 (0%) 1 (9%) 16 (29%) 4 (31%) 21 (26%) 6 (75%) 2 (67%) 60 (39%)

Location

Proximal 25 (41%) 0 (0%) 9 (82%) 23 (41%) 7 (54%) 39 (49%) 7 (88%) 0 (0%) 71 (46%)

Distal 25 (41%) 1 (33%) 2 (18%) 8 (14%) 5 (38%) 15 (19%) 1 (13%) 2 (67%) 44 (28%)

Rectal 11 (18%) 2 (67%) 0 (0%) 25 (45%) 1 (8%) 26 (33%) 0 (%) 1 (33%) 40 (26%)

Unspecified 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Dysplasia

None 16 (26%) 0 (0%) 2 (18%) 3 (5%) 0 (0%) 5 (6%) 5 (63%) 0 (0%) 26 (17%)

Low 2 (3%) 3 (100%) 4 (36%) 45 (80%) 12 (92%) 61 (76%) 1 (13%) 3 (100%) 70 (45%)

High 0 (0%) 0 (0%) 1 (9%) 3 (5%) 1 (8%) 5 (6%) 0 (0%) 0 (0%) 5 (3%)

Unspecified 43 (70%) 0 (0%) 4 (36%) 5 (9%) 0 (0%) 9 (11%) 2 (25%) 0 (0%) 54 (35%)

Abbreviations: CRC = Colorectal cancer; F = False positive serrated polyp; HP = Hyperplastic polyp; SA = Serrated adenoma; SSA/P = Sessile serrated adenoma/polyp;
TSA = Traditional serrated adenoma; U = Unspecified serrated polyp. *Includes conventional adenomas
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higher than that found in previous studies [3, 26, 28, 30].
The age difference may, to some extent, be explained by
the high proportion of dysplastic SPs in our study (n = 75,
48%). Heredity, smoking and obesity have all been estab-
lished as risk factors for SP, with smoking being more
strongly linked to SSA/Ps than to the other subgroups
[31–34]. In this study mention of risk factors in the pa-
tient chart was regarded as indicative of that risk factor,
while, for instance, an individual in which smoking was
not mentioned in the patient chart was regarded as a non-
smoker. Thus, the prevalence of some risk factors may
have been underestimated. For instance, only 11% of our
individuals had a record of obesity compared with 16% in
the general Swedish population despite evidence showing
that obesity is a risk factor for SP [31, 32, 35].
Several studies have established low detection as a sig-

nificant challenge in SP research, and endoscopy screen-
ing seems less effective for detecting proximal CRC,
which is believed to originate predominantly from the
serrated pathway [6, 25, 36–39]. Moreover, HPs are con-
sidered less likely to bleed compared with adenomas,
and SSA/Ps lack some genetic markers currently used in
DNA faecal tests, decreasing the sensitivity of faecal tests
for SPs.
In our study 15 (14%) individuals had a positive FOBT

prior to endoscopy and 58 (55%) unique individuals had
at least one sign of gastrointestinal bleeding (FOBT, hae-
matochezia/melena or anaemia). To some extent the
high percentage of individuals with SPs and signs of
gastrointestinal bleeding can be explained by the simul-
taneous presence of adenomas (n = 18, 31%), as well as
the overrepresentation of SPs other than HPs. However,
we cannot exclude that bleeding-prone SPs are overrep-
resented in our cohort.
Most individuals with SPs underwent endoscopy due

to clinical symptoms (n = 64, 60%). In addition, regard-
less of endoscopy indication, we found that 78 individ-
uals (74%) had at least one symptom (which includes
positive FOBT) at the time of diagnosis, including one
individual with a false positive SP. Of note, false positive
cases more often presented with clinical symptoms as an
indication for endoscopy (80% vs. 60%).
In a notable proportion of HPs (n = 43, 73%), grade of

dysplasia was not specified. The reason for this is prob-
ably that HPs are normally defined as non-dysplastic.
Thus, any specification of dysplasia by the pathologist
would therefore be redundant considering that it is
already implied by the HP diagnosis [40]. As such, the
proportion of HPs without dysplasia should be inter-
preted as 97% (59/61) instead of 26% (16/61). Among
the polyps classified as SAs, the vast majority exhibited
low-grade dysplasia (n = 45, 80%) and there were only
three polyps (5%) with no dysplasia. This observation re-
inforces the idea that polyps described as SAs are

consistent with SSA/Ps, or possibly TSAs, as HPs are
typically non-dysplastic [40]. More specifically, consist-
ent with the literature on SSA/P location, we believe that
proximal SAs will almost exclusively consist of SSA/Ps.
However, SAs located in the rectum are likely to include
a small number of TSAs.
The literature has shown that only about 15% of SSA/

Ps have any dysplastic features, implying that SSA/Ps
with dysplasia are overrepresented in our study [28]. We
cannot rule out that a few SSA/Ps with no dysplasia may
have been misclassified as HPs given the established dif-
ficulty of distinguishing SSA/Ps from large proximal HPs
[41]. Yet, it is also possible that SSA/Ps without dyspla-
sia may have been overlooked and left undetected to a
larger extent than SSA/Ps with dysplasia.

Strengths and limitations
The main strength of our study is the random selec-
tion of individuals with SPs from a nationwide histo-
pathology cohort. Using a standardised form, we were
able to examine not only the PPV for a histopath-
ology report with SP but also describe Swedish indi-
viduals with SPs for clinical characteristics and risk
factors. Our results are consistent with similar studies
for which the gold standard of diagnosis is biopsy,
further reinforcing the reliability of the present
results.
A limitation of our study includes the lack of re-

examinations of actual biopsies. The ethics review board
allowed us to collect digital data but not actual tissue sam-
ples. Instead, the validation was based on re-evaluation of
patient charts that included, among other things, histopath-
ology and endoscopy reports. The quality of the patient
chart data varied, especially in the documentation of risk
factors and symptoms. Still, given that SP is a strictly histo-
pathological diagnosis, the difference in data availability
among the individuals should not have affected the valid-
ation in that all individuals had to have the corresponding
histopathology report available to be included in the study.
Earlier studies have shown inter-observer variability

for classification of SPs among pathologists [42, 43], and
we cannot rule out some misclassification, especially for
the subgroup classification. This could potentially affect
the validity of SSA/P since some of the SSA/Ps may have
been misdiagnosed as HPs, and vice versa [43]. The di-
versity of pathologists in this study, where some may not
specialize in SPs, may have decreased the accuracy in
polyp classification.

Conclusion
In conclusion, this study suggests that colorectal histo-
pathology reports are a reliable data source to identify
individuals with SPs.
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higher than that found in previous studies [3, 26, 28, 30].
The age difference may, to some extent, be explained by
the high proportion of dysplastic SPs in our study (n = 75,
48%). Heredity, smoking and obesity have all been estab-
lished as risk factors for SP, with smoking being more
strongly linked to SSA/Ps than to the other subgroups
[31–34]. In this study mention of risk factors in the pa-
tient chart was regarded as indicative of that risk factor,
while, for instance, an individual in which smoking was
not mentioned in the patient chart was regarded as a non-
smoker. Thus, the prevalence of some risk factors may
have been underestimated. For instance, only 11% of our
individuals had a record of obesity compared with 16% in
the general Swedish population despite evidence showing
that obesity is a risk factor for SP [31, 32, 35].
Several studies have established low detection as a sig-

nificant challenge in SP research, and endoscopy screen-
ing seems less effective for detecting proximal CRC,
which is believed to originate predominantly from the
serrated pathway [6, 25, 36–39]. Moreover, HPs are con-
sidered less likely to bleed compared with adenomas,
and SSA/Ps lack some genetic markers currently used in
DNA faecal tests, decreasing the sensitivity of faecal tests
for SPs.
In our study 15 (14%) individuals had a positive FOBT

prior to endoscopy and 58 (55%) unique individuals had
at least one sign of gastrointestinal bleeding (FOBT, hae-
matochezia/melena or anaemia). To some extent the
high percentage of individuals with SPs and signs of
gastrointestinal bleeding can be explained by the simul-
taneous presence of adenomas (n = 18, 31%), as well as
the overrepresentation of SPs other than HPs. However,
we cannot exclude that bleeding-prone SPs are overrep-
resented in our cohort.
Most individuals with SPs underwent endoscopy due

to clinical symptoms (n = 64, 60%). In addition, regard-
less of endoscopy indication, we found that 78 individ-
uals (74%) had at least one symptom (which includes
positive FOBT) at the time of diagnosis, including one
individual with a false positive SP. Of note, false positive
cases more often presented with clinical symptoms as an
indication for endoscopy (80% vs. 60%).
In a notable proportion of HPs (n = 43, 73%), grade of

dysplasia was not specified. The reason for this is prob-
ably that HPs are normally defined as non-dysplastic.
Thus, any specification of dysplasia by the pathologist
would therefore be redundant considering that it is
already implied by the HP diagnosis [40]. As such, the
proportion of HPs without dysplasia should be inter-
preted as 97% (59/61) instead of 26% (16/61). Among
the polyps classified as SAs, the vast majority exhibited
low-grade dysplasia (n = 45, 80%) and there were only
three polyps (5%) with no dysplasia. This observation re-
inforces the idea that polyps described as SAs are

consistent with SSA/Ps, or possibly TSAs, as HPs are
typically non-dysplastic [40]. More specifically, consist-
ent with the literature on SSA/P location, we believe that
proximal SAs will almost exclusively consist of SSA/Ps.
However, SAs located in the rectum are likely to include
a small number of TSAs.
The literature has shown that only about 15% of SSA/

Ps have any dysplastic features, implying that SSA/Ps
with dysplasia are overrepresented in our study [28]. We
cannot rule out that a few SSA/Ps with no dysplasia may
have been misclassified as HPs given the established dif-
ficulty of distinguishing SSA/Ps from large proximal HPs
[41]. Yet, it is also possible that SSA/Ps without dyspla-
sia may have been overlooked and left undetected to a
larger extent than SSA/Ps with dysplasia.

Strengths and limitations
The main strength of our study is the random selec-
tion of individuals with SPs from a nationwide histo-
pathology cohort. Using a standardised form, we were
able to examine not only the PPV for a histopath-
ology report with SP but also describe Swedish indi-
viduals with SPs for clinical characteristics and risk
factors. Our results are consistent with similar studies
for which the gold standard of diagnosis is biopsy,
further reinforcing the reliability of the present
results.
A limitation of our study includes the lack of re-

examinations of actual biopsies. The ethics review board
allowed us to collect digital data but not actual tissue sam-
ples. Instead, the validation was based on re-evaluation of
patient charts that included, among other things, histopath-
ology and endoscopy reports. The quality of the patient
chart data varied, especially in the documentation of risk
factors and symptoms. Still, given that SP is a strictly histo-
pathological diagnosis, the difference in data availability
among the individuals should not have affected the valid-
ation in that all individuals had to have the corresponding
histopathology report available to be included in the study.
Earlier studies have shown inter-observer variability

for classification of SPs among pathologists [42, 43], and
we cannot rule out some misclassification, especially for
the subgroup classification. This could potentially affect
the validity of SSA/P since some of the SSA/Ps may have
been misdiagnosed as HPs, and vice versa [43]. The di-
versity of pathologists in this study, where some may not
specialize in SPs, may have decreased the accuracy in
polyp classification.

Conclusion
In conclusion, this study suggests that colorectal histo-
pathology reports are a reliable data source to identify
individuals with SPs.
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This article has an accompanying continuing medical education activity, also eligible for MOC credit on page e1207. Upon completion of this article,
successful learners will be able to integrate work disability as an important concern to evaluate in patients with celiac disease.

BACKGROUND & AIMS: Celiac disease (CD) affects around 1% of the population worldwide. Data on work disability in
patients with CD remain scarce. We estimated work loss in patients with CD, including its
temporal relationship to diagnosis.

METHODS: Through biopsy reports from Sweden’s 28 pathology departments, we identified 16,005
working-aged patients with prevalent CD (villus atrophy) as of January 1, 2015, and 4936
incident patients diagnosed with CD in 2008 to 2015. Each patient was matched to up to 5
general-population comparators. Using nationwide social insurance registers, we retrieved
prospectively recorded data on compensation for sick leave and disability leave to assess work
loss in patients and comparators.

RESULTS: In 2015, patients with prevalent CD had a mean of 42.5 lost work days as compared with 28.6 in
comparators (mean difference, 14.7; 95% confidence interval [CI], 13.2-16.2), corresponding to
a relative increase of 49%. More than one-half of the work loss (60.1%) in patients with CD was
derived from a small subgroup (7%), whereas 75.4% had no work loss. Among incident pa-
tients, the annual mean difference between patients and comparators was 8.0 days (range, 5.4-
10.6 days) of lost work 5 years before CD diagnosis, which grew to 13.7 days (range, 9.1-18.3
days) 5 years after diagnosis. No difference in work loss was observed between patients with or
without mucosal healing at follow-up.

CONCLUSIONS: Patients with CD lost more work days than comparators before their diagnosis, and this loss
increased after diagnosis. Identifying patients with an increased risk of work loss may serve as
a target to mitigate work disability, and thereby reduce work loss, in patients with CD.

Keywords: Absenteeism; Cost; Economic Burden; Health Economics.

Celiac disease (CD) is a chronic systemic immune-
mediated disease affecting around 1% of the pop-

ulation worldwide.1 The disease develops in genetically
predisposed individuals in which gluten intake causes
small-intestinal villus atrophy (VA), and the only avail-
able treatment consists of a strict gluten-free diet
(GFD).2 Patients with CD are at an increased risk of
several comorbidities, including cancer, osteoporosis,
cardiovascular diseases, and psychiatric diseases.3

Although the use and cost of health care are distinctly
increased in patients with CD,4–6 data on work disability
remain scarce. To our knowledge, only 2 prior studies
have examined work loss in adult patients with CD.7,8

Results from these studies have, however, been incon-
sistent, and it is still debated whether work loss is
increased in patients with CD.

Abbreviations used in this paper: CD, celiac disease; CI, confidence in-
terval; GFD, gluten-free diet; ICD-10, International Classification of Dis-
eases, 10th Revision; LISA, the longitudinal integrated database for health
insurance and labor market studies; RR, relative risk; VA, villus atrophy.
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ulation worldwide.1 The disease develops in genetically
predisposed individuals in which gluten intake causes
small-intestinal villus atrophy (VA), and the only avail-
able treatment consists of a strict gluten-free diet
(GFD).2 Patients with CD are at an increased risk of
several comorbidities, including cancer, osteoporosis,
cardiovascular diseases, and psychiatric diseases.3

Although the use and cost of health care are distinctly
increased in patients with CD,4–6 data on work disability
remain scarce. To our knowledge, only 2 prior studies
have examined work loss in adult patients with CD.7,8

Results from these studies have, however, been incon-
sistent, and it is still debated whether work loss is
increased in patients with CD.

Abbreviations used in this paper: CD, celiac disease; CI, confidence in-
terval; GFD, gluten-free diet; ICD-10, International Classification of Dis-
eases, 10th Revision; LISA, the longitudinal integrated database for health
insurance and labor market studies; RR, relative risk; VA, villus atrophy.
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In this large-scale nationwide study, we used pro-
spectively recorded register data to estimate work loss in
patients with CD in comparison to the general popula-
tion, including the temporal relationship of work loss
before and after diagnosis.

Methods

In this cohort study, we linked individual-level data
from nationwide registers by utilizing the unique per-
sonal identity number assigned to all Swedish
residents.9,10

Study sample and definition of celiac disease

As part of the ESPRESSO study,10 we identified in-
dividuals with biopsy-verified CD by searching comput-
erized histopathology reports of all pathology
departments in Sweden (n ¼ 28). CD was defined by the
presence of small-intestinal VA (Marsh 3).2 In total,
49,144 individuals diagnosed with CD between 1969 and
2014 were identified. We restricted participation to in-
dividuals aged 25 to 59 years to reflect individuals
available to the labor market while allowing for follow-
up 5 years before and after diagnosis. Two groups of
celiac patients were constructed: (1) 16,005 prevalent
patients with CD aged 25 to 59 years and living in
Sweden as of January 1, 2015. These patients were
diagnosed between January 1, 1969, and December 31,
2014, out of whom 9888 (62%) were diagnosed after
January 1, 2000. (2) 4936 incident patients diagnosed
with CD while living in Sweden between January 1, 2008,
and December 31, 2015, at the age of 25 to 59 years. Of
these, 1251 (25%) patients had a follow-up biopsy per-
formed to document mucosal healing 0.5 to 5.0 years
after CD diagnosis.

For each patient with CD, up to 5 general-population
comparators were identified through the Total Popula-
tion Register11 matched by age, sex, county of residence,
and calendar year of diagnosis. Data on patients with CD
and comparators were linked to the National Patient
Register12 and the longitudinal integrated database for
health insurance and labor market studies (LISA).13 A
thorough description of the data collection and register
linkages can be found elsewhere.10

Study setting

Sweden has a tax-funded universal social insurance
system.14 In case of sickness, individuals with employ-
ment are entitled to compensation from their employer
(sick pay) for the 2 first weeks of sick leave unless the
employee requires recurrent short-term leaves or has
had a sick leave within 4 days. Recurrent short-term sick
leave or sick leave episodes exceeding 14 days are
compensated for by the government through the Social
Insurance Agency with “sickness benefit” for temporarily

reduced work ability (ie, sick leave), or “disability
pension” for permanently (�1 year) reduced work abil-
ity (ie, disability leave).13 Compensation for sick leave is
not limited to individuals with employment but applies
to all Swedish residents, including those currently un-
employed or on parental leave. The Social Insurance
Agency’s decisions on compensation are based on med-
ical certificates provided by the treating physician, thus
ensuring that any compensated sick leave is caused by a
medical condition.

Data on work loss

We assessed work loss based on compensations for
sick leave and disability leave per calendar year as
registered in the LISA database, which was launched in
1990, and to which reporting is mandatory.13 Any
compensation registered in the LISA database is directly
correlated to absence from work. Absence due to
parental leave is reported separately and excluded from
sick leave data. Sick leave episodes compensated by
employers (ie, sick pay) are not registered in the LISA
database and were thus not included in this study. As a
result, study participants with 0 days of work loss may in
fact have had occasional episodes of work loss �14 days.

Other data

Based on previous literature and available data,15 we
retrieved information on characteristics that may impact
work loss. Hence, in addition to age and sex, we retrieved
data on the highest attained educational level (compul-
sory school, 9 years; high school, 9-12 years; university,
>12 years) and unemployment compensation at baseline
(2014 for prevalent patients, calendar year before CD

What You Need to Know

Background
Although use and cost of health care have been
shown to be distinctly increased in patients with
celiac disease (CD), data on work disability remain
scarce.

Findings
Patients with CD lost more work days than general-
population comparators. More than one-half of the
work loss in patients with CD was attributed to less
than only 7% of the patients, whereas 3 of 4 patients
did not have any work loss before or after diagnosis.

Implications for patient care
Patients with CD suffer from work disability both
before and after diagnosis. Identifying patients with
an increased risk of work loss may serve as a target
to mitigate work disability.
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diagnosis for incident patients) from the LISA database.
The National Patient Register,12 which gained national
coverage in 1987 and includes data on all inpatient and
nonprimary outpatient care (from 2001) in Sweden, was
used to retrieve data on comorbidities according to the
10th revision of the International Classification of Dis-
eases (ICD-10) as detailed in Supplementary Table 1.
Comorbidities data included history of malignancies,
cardiovascular disease, diabetes (type 1 and type 2),
psychiatric disease, and musculoskeletal disease, all of
which have been associated with CD and may impact
work loss.3,16

Statistics

Data were analyzed and presented separately for
prevalent and incident patients. Work loss outcomes
were presented as mean net number of lost work days
per individual and calendar year. Mean differences be-
tween patients with CD and general-population com-
parators were estimated using linear regression with
adjustments for sex, age, and education level, with 95%
confidence intervals (CIs) calculated using nonpara-
metric bootstrapping. In addition to means, proportions
of patients with any work loss and relative risk of any
work loss were also reported.

Stratified analyses were performed according to sex,
age groups, education level, and selected comorbidities,
as well as duration since CD diagnosis (<10 years, �10
years) in prevalent patients and calendar year of diag-
nosis in incident patients.

Follow-up of incident patients began 5 years before
CD diagnosis (ie, 2003–2009) and ended 5 years after
diagnosis or at death, emigration, or end of data capture
(December 31, 2015), whichever occurred first.

Mucosal healing

Mucosal healing was defined as recovery from VA
(Marsh 3), because lesser mucosal irregularities (Marsh
0-2) may persist despite clinical recovery and adher-
ence to GFD.17 Of 4936 incident patients, we included
1251 (25%) patients who had a follow-up biopsy per-
formed 0.5 to 5.0 years after the diagnostic biopsy. The
time limit for follow-up was set to capture biopsies
performed as a routine practice rather than those
prompted by a clinical event. In the case of multiple
biopsies within the specified time frame, only the
earliest one was considered.

Ethics

The study was approved by the Regional Ethical
Review Board in Stockholm (reference number 2014/
1287-31/4 and 2017/1497-32). Because this was a
strictly register-based study, informed consent was
waived.18

Results

We included 16,005 prevalent patients with CD on
January 1, 2015, and 4936 incident patients diagnosed
with CD between January 1, 2008, and December
31, 2014.

Baseline characteristics

Women were overrepresented among patients with
CD in both groups (prevalent women, 67.6%; incident
women, 65.1%), whereas age groups were equally
distributed between 25 to 39 years old and 40 to 59
years old (Table 1). Patients and comparators both had
comparable unemployment rates at baseline. Comorbid-
ities were more common in patients with CD than in
comparators for all comorbidities investigated.

Prevalent patients

In 2015, patients with CD had an average of 42.5
days (95% CI, 40.9-44.1 days) lost to work as
compared with 28.6 days (95% CI, 27.9-29.2 days) in
general-population comparators, corresponding to a
relative increase of 49% (Figure 1). The adjusted
annual mean difference between patients with CD and
comparators was 14.7 days (95% CI, 13.2-16.2 days). A
statistically significant increase in mean lost work days
was seen in all subgroups of patients (P < .05).
Noticeably, more than one-half of the accumulated
work loss (60.1%) in patients with CD was derived
from the small proportion of patients with full work
loss (7.0%; n ¼ 1120), whereas 75.4% of the patients
with CD had no lost work days in 2015 (Figure 2).

As shown in Supplementary Table 2, the adjusted
relative risk (RR) for any work loss in patients with CD
as compared with the general-population comparators
was 1.39 (95% CI, 1.34-1.44) in 2015. Although sub-
groups of patients according to age, sex, and education
level had comparable RRs of work loss compared with
the general population, the risk increase was more
modest for patients with CD with psychiatric diseases as
compared with comparators with psychiatric disease
after adjustments for sex, age, and education level (RR,
1.12; 95% CI, 1.05-1.21).

Incident patients

Patients with CD had an increased mean number of
lost work days both before and after diagnosis (Figure 3;
Supplementary Figure 1). The adjusted mean difference
was 8.0 days (95% CI, 5.4-10.6 days) lost to work per
year 5 years before diagnosis, which grew to 13.7 days
(95% CI, 9.1-18.3 days) 5 years after diagnosis
(Supplementary Table 3). There was also a transient
increase in work loss in patients with CD during the year
of diagnosis (adjusted mean difference, 15.6; 95% CI,
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In this large-scale nationwide study, we used pro-
spectively recorded register data to estimate work loss in
patients with CD in comparison to the general popula-
tion, including the temporal relationship of work loss
before and after diagnosis.

Methods

In this cohort study, we linked individual-level data
from nationwide registers by utilizing the unique per-
sonal identity number assigned to all Swedish
residents.9,10

Study sample and definition of celiac disease

As part of the ESPRESSO study,10 we identified in-
dividuals with biopsy-verified CD by searching comput-
erized histopathology reports of all pathology
departments in Sweden (n ¼ 28). CD was defined by the
presence of small-intestinal VA (Marsh 3).2 In total,
49,144 individuals diagnosed with CD between 1969 and
2014 were identified. We restricted participation to in-
dividuals aged 25 to 59 years to reflect individuals
available to the labor market while allowing for follow-
up 5 years before and after diagnosis. Two groups of
celiac patients were constructed: (1) 16,005 prevalent
patients with CD aged 25 to 59 years and living in
Sweden as of January 1, 2015. These patients were
diagnosed between January 1, 1969, and December 31,
2014, out of whom 9888 (62%) were diagnosed after
January 1, 2000. (2) 4936 incident patients diagnosed
with CD while living in Sweden between January 1, 2008,
and December 31, 2015, at the age of 25 to 59 years. Of
these, 1251 (25%) patients had a follow-up biopsy per-
formed to document mucosal healing 0.5 to 5.0 years
after CD diagnosis.

For each patient with CD, up to 5 general-population
comparators were identified through the Total Popula-
tion Register11 matched by age, sex, county of residence,
and calendar year of diagnosis. Data on patients with CD
and comparators were linked to the National Patient
Register12 and the longitudinal integrated database for
health insurance and labor market studies (LISA).13 A
thorough description of the data collection and register
linkages can be found elsewhere.10

Study setting

Sweden has a tax-funded universal social insurance
system.14 In case of sickness, individuals with employ-
ment are entitled to compensation from their employer
(sick pay) for the 2 first weeks of sick leave unless the
employee requires recurrent short-term leaves or has
had a sick leave within 4 days. Recurrent short-term sick
leave or sick leave episodes exceeding 14 days are
compensated for by the government through the Social
Insurance Agency with “sickness benefit” for temporarily

reduced work ability (ie, sick leave), or “disability
pension” for permanently (�1 year) reduced work abil-
ity (ie, disability leave).13 Compensation for sick leave is
not limited to individuals with employment but applies
to all Swedish residents, including those currently un-
employed or on parental leave. The Social Insurance
Agency’s decisions on compensation are based on med-
ical certificates provided by the treating physician, thus
ensuring that any compensated sick leave is caused by a
medical condition.

Data on work loss

We assessed work loss based on compensations for
sick leave and disability leave per calendar year as
registered in the LISA database, which was launched in
1990, and to which reporting is mandatory.13 Any
compensation registered in the LISA database is directly
correlated to absence from work. Absence due to
parental leave is reported separately and excluded from
sick leave data. Sick leave episodes compensated by
employers (ie, sick pay) are not registered in the LISA
database and were thus not included in this study. As a
result, study participants with 0 days of work loss may in
fact have had occasional episodes of work loss �14 days.

Other data

Based on previous literature and available data,15 we
retrieved information on characteristics that may impact
work loss. Hence, in addition to age and sex, we retrieved
data on the highest attained educational level (compul-
sory school, 9 years; high school, 9-12 years; university,
>12 years) and unemployment compensation at baseline
(2014 for prevalent patients, calendar year before CD

What You Need to Know

Background
Although use and cost of health care have been
shown to be distinctly increased in patients with
celiac disease (CD), data on work disability remain
scarce.

Findings
Patients with CD lost more work days than general-
population comparators. More than one-half of the
work loss in patients with CD was attributed to less
than only 7% of the patients, whereas 3 of 4 patients
did not have any work loss before or after diagnosis.

Implications for patient care
Patients with CD suffer from work disability both
before and after diagnosis. Identifying patients with
an increased risk of work loss may serve as a target
to mitigate work disability.
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diagnosis for incident patients) from the LISA database.
The National Patient Register,12 which gained national
coverage in 1987 and includes data on all inpatient and
nonprimary outpatient care (from 2001) in Sweden, was
used to retrieve data on comorbidities according to the
10th revision of the International Classification of Dis-
eases (ICD-10) as detailed in Supplementary Table 1.
Comorbidities data included history of malignancies,
cardiovascular disease, diabetes (type 1 and type 2),
psychiatric disease, and musculoskeletal disease, all of
which have been associated with CD and may impact
work loss.3,16

Statistics

Data were analyzed and presented separately for
prevalent and incident patients. Work loss outcomes
were presented as mean net number of lost work days
per individual and calendar year. Mean differences be-
tween patients with CD and general-population com-
parators were estimated using linear regression with
adjustments for sex, age, and education level, with 95%
confidence intervals (CIs) calculated using nonpara-
metric bootstrapping. In addition to means, proportions
of patients with any work loss and relative risk of any
work loss were also reported.

Stratified analyses were performed according to sex,
age groups, education level, and selected comorbidities,
as well as duration since CD diagnosis (<10 years, �10
years) in prevalent patients and calendar year of diag-
nosis in incident patients.

Follow-up of incident patients began 5 years before
CD diagnosis (ie, 2003–2009) and ended 5 years after
diagnosis or at death, emigration, or end of data capture
(December 31, 2015), whichever occurred first.

Mucosal healing

Mucosal healing was defined as recovery from VA
(Marsh 3), because lesser mucosal irregularities (Marsh
0-2) may persist despite clinical recovery and adher-
ence to GFD.17 Of 4936 incident patients, we included
1251 (25%) patients who had a follow-up biopsy per-
formed 0.5 to 5.0 years after the diagnostic biopsy. The
time limit for follow-up was set to capture biopsies
performed as a routine practice rather than those
prompted by a clinical event. In the case of multiple
biopsies within the specified time frame, only the
earliest one was considered.

Ethics

The study was approved by the Regional Ethical
Review Board in Stockholm (reference number 2014/
1287-31/4 and 2017/1497-32). Because this was a
strictly register-based study, informed consent was
waived.18

Results

We included 16,005 prevalent patients with CD on
January 1, 2015, and 4936 incident patients diagnosed
with CD between January 1, 2008, and December
31, 2014.

Baseline characteristics

Women were overrepresented among patients with
CD in both groups (prevalent women, 67.6%; incident
women, 65.1%), whereas age groups were equally
distributed between 25 to 39 years old and 40 to 59
years old (Table 1). Patients and comparators both had
comparable unemployment rates at baseline. Comorbid-
ities were more common in patients with CD than in
comparators for all comorbidities investigated.

Prevalent patients

In 2015, patients with CD had an average of 42.5
days (95% CI, 40.9-44.1 days) lost to work as
compared with 28.6 days (95% CI, 27.9-29.2 days) in
general-population comparators, corresponding to a
relative increase of 49% (Figure 1). The adjusted
annual mean difference between patients with CD and
comparators was 14.7 days (95% CI, 13.2-16.2 days). A
statistically significant increase in mean lost work days
was seen in all subgroups of patients (P < .05).
Noticeably, more than one-half of the accumulated
work loss (60.1%) in patients with CD was derived
from the small proportion of patients with full work
loss (7.0%; n ¼ 1120), whereas 75.4% of the patients
with CD had no lost work days in 2015 (Figure 2).

As shown in Supplementary Table 2, the adjusted
relative risk (RR) for any work loss in patients with CD
as compared with the general-population comparators
was 1.39 (95% CI, 1.34-1.44) in 2015. Although sub-
groups of patients according to age, sex, and education
level had comparable RRs of work loss compared with
the general population, the risk increase was more
modest for patients with CD with psychiatric diseases as
compared with comparators with psychiatric disease
after adjustments for sex, age, and education level (RR,
1.12; 95% CI, 1.05-1.21).

Incident patients

Patients with CD had an increased mean number of
lost work days both before and after diagnosis (Figure 3;
Supplementary Figure 1). The adjusted mean difference
was 8.0 days (95% CI, 5.4-10.6 days) lost to work per
year 5 years before diagnosis, which grew to 13.7 days
(95% CI, 9.1-18.3 days) 5 years after diagnosis
(Supplementary Table 3). There was also a transient
increase in work loss in patients with CD during the year
of diagnosis (adjusted mean difference, 15.6; 95% CI,
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13.1-18.0). The increased work loss during the year of
diagnosis was mainly driven by sick leave, whereas the
post-diagnostic increase was predominantly explained
by an increase in disability leave (Figure 3). As illus-
trated in Figure 4, the difference in mean lost work days
was mainly attributed to the excess work loss incurred

by patients with CD above the 90th percentile of lost
work days, whereas patients below the 75th percentile,
similarly to comparators, had practically no work loss
before or after diagnosis.

The highest rate of any annual work loss in patients
with CD occurred during the year of diagnosis (26.6% vs

Table 1. Baseline Characteristics of Prevalent and Incident Patients With CD and Matched General-population Comparatorsa

Variable

Prevalent CDb Incident CDc

CD
(n ¼ 16,005)

Comparators
(n ¼ 74,788)

CD
(n ¼ 4936)

Comparators
(n ¼ 24,301)

Sex
Men 5189 (32.4) 24,204 (32.4) 1725 (34.9) 8486 (34.9)
Women 10,816 (67.6) 50,584 (67.6) 3211 (65.1) 15,815 (65.1)

Age, y
Mean 40.2 (10.5) 40.3 (10.5) 40.8 (9.7) 40.8 (9.7)
Median 39.9 (30.2–49.0) 40.0 (30.3–49.1) 40.2 (32.4–48.5) 40.2 (32.4–48.5)

Age groups, y
25–39 8066 (50.4) 37,354 (49.9) 2435 (49.3) 11,958 (49.2)
40–59 7939 (49.6) 37,434 (50.1) 2501 (50.7) 12,343 (50.8)

Level of education, y
�9 1370 (8.6) 7225 (9.7) 490 (9.9) 2922 (12.0)
10–12 7205 (45.0) 34,059 (45.5) 2167 (43.9) 10,561 (43.5)
>12 7295 (45.6) 32,995 (44.1) 2229 (45.2) 10,294 (42.4)
Missing 135 (0.8) 509 (0.7) 50 (1.0) 524 (2.2)

Comorbiditiesd

Cancer 299 (1.9) 1201 (1.6) 106 (2.1) 359 (1.5)
Cardiovascular disease 1053 (6.6) 3548 (4.7) 355 (7.2) 1049 (4.3)
Diabetes, type 1 and type 2 807 (5.0) 852 (1.1) 194 (3.9) 272 (1.1)
Psychiatric disease 1862 (11.6) 7153 (9.6) 461 (9.3) 1903 (7.8)
Musculoskeletal diseases 3602 (22.5) 12,390 (16.6) 967 (19.6) 3302 (13.6)

Work losse

Individuals with any lost work days 3682 (23.0) 12,621 (16.9) 1058 (21.4) 3520 (14.5)
Sick leave 2599 (16.2) 9170 (12.3) 773 (15.7) 2407 (9.9)
Disability leave 1302 (8.1) 3904 (5.2) 349 (7.1) 1284 (5.3)

Number of lost work days 39.2 (100.0) 25.8 (82.2) 32.4 (91.2) 22.7 (78.6)
Sick leave 16.0 (57.5) 10.5 (45.4) 12.8 (51.0) 7.7 (38.8)
Disability leave 23.2 (83.6) 15.4 (69.6) 19.6 (76.6) 15.1 (68.5)

Employment status
Unemployedf 804 (5.0) 3988 (5.3) 308 (6.2) 1600 (6.6)

Less than 1 year of follow-up 61 (0.4) 345 (0.5) 39 (0.8) 231 (1.0)
Death 20 (0.1) 97 (0.1) 19 (0.4) 35 (0.1)
Emigrated 41 (0.3) 248 (0.3) 20 (0.4) 196 (0.8)

Less than 5 years of follow-up – – 2617 (53.0) 12,927 (53.2)
Death – – 54 (1.1) 140 (0.6)
Emigrated – – 63 (1.3) 575 (2.4)
End of data capture – – 2500 (50.6) 12,212 (50.3)

Note: Data are presented as number (%), mean (standard deviation), or median (25th–75th).
CD, Celiac disease.
aBaseline defined as 2014 for prevalent patients, and the calendar year before CD diagnosis for incident patients; general-population comparators were matched
by age, sex, county of residence, and calendar year.
bPrevalent working age patients with CD as of January 1, 2015, including patients diagnosed between January 1, 1969, and December 31, 2014.
cIncident working-age patients diagnosed with CD between January 1, 2008, and December 31, 2015.
dPresence of selected comorbidities �5 years before 2015 for prevalent patients and �5 years before CD diagnosis for incident patients, identified by codes
according to the 10th revision of the International Classification of Diseases; C00–C99 for cancer, F00–F99 for psychiatric disease, I00–I99 for cardiovascular
disease, E10–E14 for diabetes type 1 and 2, M00–M99 for musculoskeletal disease.
eWork loss defined as absence from work due to a medical condition, compensated by the Swedish Social Insurance Agency with “sickness benefit” for
temporarily reduced work ability (ie, sick leave), or “disability pension” in instances of permanently reduced work ability (ie, disability leave).
fDefined as individuals available to the labor market (ie, not students, senior citizens, disabled, etc) but unwillingly without employment.
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15.3% in comparators), corresponding to an adjusted RR
of 1.77 (95% CI, 1.67-1.89) (Supplementary Table 4).

Work loss in relation to mucosal healing at
follow-up

Of 1251 incident patients with a follow-up biopsy 0.5
to 5.0 years after diagnosis, 942 patients (75%) had
achieved mucosal healing, whereas 309 patients (25%)
had persistent VA (Supplementary Table 5). Adjusted for

sex, age, and education level, there were no significant
differences in work loss between patients with or
without mucosal healing at follow-up biopsy, nor during
the years before or after the follow-up biopsy (Figure 5).

Discussion

In this nationwide study, patients with CD had a mean
of 42.5 lost work days as compared with 28.6 in the
general-population comparators in 2015 (adjusted mean

Figure 1.Mean net number of lost work days in 2015 according to demographic subgroups of prevalent patients with CD as
compared with general-population comparators. General-population comparators were matched by age, sex, county of
residence, and calendar year. Brackets indicate 95% CIs.

Figure 2. Proportions of prevalent patients with CD and general-population comparators with no (0 lost work days), partial
(1–364 lost work days), or full (365 lost work days) work loss in 2015 according to demographic subgroups. General-population
comparators were matched by age, sex, county of residence, and calendar year.
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13.1-18.0). The increased work loss during the year of
diagnosis was mainly driven by sick leave, whereas the
post-diagnostic increase was predominantly explained
by an increase in disability leave (Figure 3). As illus-
trated in Figure 4, the difference in mean lost work days
was mainly attributed to the excess work loss incurred

by patients with CD above the 90th percentile of lost
work days, whereas patients below the 75th percentile,
similarly to comparators, had practically no work loss
before or after diagnosis.

The highest rate of any annual work loss in patients
with CD occurred during the year of diagnosis (26.6% vs

Table 1. Baseline Characteristics of Prevalent and Incident Patients With CD and Matched General-population Comparatorsa

Variable

Prevalent CDb Incident CDc

CD
(n ¼ 16,005)

Comparators
(n ¼ 74,788)

CD
(n ¼ 4936)

Comparators
(n ¼ 24,301)

Sex
Men 5189 (32.4) 24,204 (32.4) 1725 (34.9) 8486 (34.9)
Women 10,816 (67.6) 50,584 (67.6) 3211 (65.1) 15,815 (65.1)

Age, y
Mean 40.2 (10.5) 40.3 (10.5) 40.8 (9.7) 40.8 (9.7)
Median 39.9 (30.2–49.0) 40.0 (30.3–49.1) 40.2 (32.4–48.5) 40.2 (32.4–48.5)

Age groups, y
25–39 8066 (50.4) 37,354 (49.9) 2435 (49.3) 11,958 (49.2)
40–59 7939 (49.6) 37,434 (50.1) 2501 (50.7) 12,343 (50.8)

Level of education, y
�9 1370 (8.6) 7225 (9.7) 490 (9.9) 2922 (12.0)
10–12 7205 (45.0) 34,059 (45.5) 2167 (43.9) 10,561 (43.5)
>12 7295 (45.6) 32,995 (44.1) 2229 (45.2) 10,294 (42.4)
Missing 135 (0.8) 509 (0.7) 50 (1.0) 524 (2.2)

Comorbiditiesd

Cancer 299 (1.9) 1201 (1.6) 106 (2.1) 359 (1.5)
Cardiovascular disease 1053 (6.6) 3548 (4.7) 355 (7.2) 1049 (4.3)
Diabetes, type 1 and type 2 807 (5.0) 852 (1.1) 194 (3.9) 272 (1.1)
Psychiatric disease 1862 (11.6) 7153 (9.6) 461 (9.3) 1903 (7.8)
Musculoskeletal diseases 3602 (22.5) 12,390 (16.6) 967 (19.6) 3302 (13.6)

Work losse

Individuals with any lost work days 3682 (23.0) 12,621 (16.9) 1058 (21.4) 3520 (14.5)
Sick leave 2599 (16.2) 9170 (12.3) 773 (15.7) 2407 (9.9)
Disability leave 1302 (8.1) 3904 (5.2) 349 (7.1) 1284 (5.3)

Number of lost work days 39.2 (100.0) 25.8 (82.2) 32.4 (91.2) 22.7 (78.6)
Sick leave 16.0 (57.5) 10.5 (45.4) 12.8 (51.0) 7.7 (38.8)
Disability leave 23.2 (83.6) 15.4 (69.6) 19.6 (76.6) 15.1 (68.5)

Employment status
Unemployedf 804 (5.0) 3988 (5.3) 308 (6.2) 1600 (6.6)

Less than 1 year of follow-up 61 (0.4) 345 (0.5) 39 (0.8) 231 (1.0)
Death 20 (0.1) 97 (0.1) 19 (0.4) 35 (0.1)
Emigrated 41 (0.3) 248 (0.3) 20 (0.4) 196 (0.8)

Less than 5 years of follow-up – – 2617 (53.0) 12,927 (53.2)
Death – – 54 (1.1) 140 (0.6)
Emigrated – – 63 (1.3) 575 (2.4)
End of data capture – – 2500 (50.6) 12,212 (50.3)

Note: Data are presented as number (%), mean (standard deviation), or median (25th–75th).
CD, Celiac disease.
aBaseline defined as 2014 for prevalent patients, and the calendar year before CD diagnosis for incident patients; general-population comparators were matched
by age, sex, county of residence, and calendar year.
bPrevalent working age patients with CD as of January 1, 2015, including patients diagnosed between January 1, 1969, and December 31, 2014.
cIncident working-age patients diagnosed with CD between January 1, 2008, and December 31, 2015.
dPresence of selected comorbidities �5 years before 2015 for prevalent patients and �5 years before CD diagnosis for incident patients, identified by codes
according to the 10th revision of the International Classification of Diseases; C00–C99 for cancer, F00–F99 for psychiatric disease, I00–I99 for cardiovascular
disease, E10–E14 for diabetes type 1 and 2, M00–M99 for musculoskeletal disease.
eWork loss defined as absence from work due to a medical condition, compensated by the Swedish Social Insurance Agency with “sickness benefit” for
temporarily reduced work ability (ie, sick leave), or “disability pension” in instances of permanently reduced work ability (ie, disability leave).
fDefined as individuals available to the labor market (ie, not students, senior citizens, disabled, etc) but unwillingly without employment.
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15.3% in comparators), corresponding to an adjusted RR
of 1.77 (95% CI, 1.67-1.89) (Supplementary Table 4).

Work loss in relation to mucosal healing at
follow-up

Of 1251 incident patients with a follow-up biopsy 0.5
to 5.0 years after diagnosis, 942 patients (75%) had
achieved mucosal healing, whereas 309 patients (25%)
had persistent VA (Supplementary Table 5). Adjusted for

sex, age, and education level, there were no significant
differences in work loss between patients with or
without mucosal healing at follow-up biopsy, nor during
the years before or after the follow-up biopsy (Figure 5).

Discussion

In this nationwide study, patients with CD had a mean
of 42.5 lost work days as compared with 28.6 in the
general-population comparators in 2015 (adjusted mean

Figure 1.Mean net number of lost work days in 2015 according to demographic subgroups of prevalent patients with CD as
compared with general-population comparators. General-population comparators were matched by age, sex, county of
residence, and calendar year. Brackets indicate 95% CIs.

Figure 2. Proportions of prevalent patients with CD and general-population comparators with no (0 lost work days), partial
(1–364 lost work days), or full (365 lost work days) work loss in 2015 according to demographic subgroups. General-population
comparators were matched by age, sex, county of residence, and calendar year.
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difference, 14.7 days), corresponding to a relative in-
crease of 49%. Excess work loss in patients with CD was
observed even 5 years before diagnosis and, surprisingly,
showed an even further increase throughout follow-up
after diagnosis. Worth noting, the increased work loss
was driven by a small proportion of patients with CD,
whereas the majority had no work loss before or after
diagnosis. By applying the mean cost of 1 lost work day
in Sweden (w1382 SEK or w201.5 USD, 2015) as esti-
mated by Khalili et al,19 the excess societal cost of work
loss in CD averaged w2962 USD (95% CI, 2660-3264
USD) per person in 2015.

Interpretation of results in relation to previous
literature

Although CD is a life-long systemic disease affecting
some 1% of the adult population worldwide, its effect
on work disability is poorly understood. To our
knowledge, only 2 previous studies have examined
work loss in adult patients with CD and with incon-
sistent results. One of these studies, also from Sweden,
found that the number of lost work days decreased
upon diagnosis,7 whereas the other study, from
Finland, found that patients with CD had less work loss

Figure 3.Mean net number of annual lost work days in relation to calendar year of diagnosis (“0”) in incident patients with CD
and general-population comparators. General-population comparators were matched by age, sex, county of residence, and
calendar year. Brackets indicate 95% CIs.

Figure 4. Proportions (left y-axis) of incident patients with CD (left panel) and general-population comparators (right panel) with
no (0 days), partial (1–364 days), or full (365 lost work days) work loss per year in relation to calendar year of diagnosis (“0”).
The dashed and solid line represents the 75th and 90th percentile, respectively, of net number of annual lost work days (right
y-axis) in relation to year of diagnosis. General-population comparators were matched by age, sex, county of residence, and
calendar year.
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than unmatched comparators before and after diag-
nosis.8 Both studies were, however, based on self-
reported postal questionnaires and thus susceptible
to recall bias and selection bias. Other limitations of
these studies7,8 include their lack of general-population
comparators and short follow-up after diagnosis (1
year). Hence, our study contributes by providing robust
estimates on work loss based on objective data on sick
leave and disability leave in patients with CD as
compared with matched general-population
comparators.

CD has been associated with several comorbidities,3

and studies have shown that patients with CD suffer
from a significant perceived treatment burden in com-
parison to other common conditions.20 Nevertheless,

there seems to be a tendency of inertia towards CD
within the medical community.21

Unlike CD, work loss in inflammatory bowel disease
has been extensively studied.19,22,23 In comparison to the
most recent such study,19 also conducted in Sweden,
patients with CD had similar, if not more, work loss than
patients with ulcerative colitis (w12 vs w14 days), but
less work loss than patients with Crohn’s disease (w34
vs w14 days). Moreover, similar to CD, the majority of
the work loss in inflammatory bowel disease was
attributed to a small group of patients. These data indi-
cate that patients with CD suffer from significant work
loss even in comparison to other chronic gastrointestinal
diseases, and that work disability should be regarded as
an important concern in CD.

Figure 5. Annual number of mean lost work days (upper panel) in relation to calendar year of follow-up biopsy (“0”) in incident
patients with CD with mucosal healing and patients with persistent VA. Mean difference in lost work days (lower panel) be-
tween patients with mucosal healing and patients with persistent VA (reference group) adjusted by age, sex, and education
level. Brackets indicate 95% CIs.
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difference, 14.7 days), corresponding to a relative in-
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showed an even further increase throughout follow-up
after diagnosis. Worth noting, the increased work loss
was driven by a small proportion of patients with CD,
whereas the majority had no work loss before or after
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in Sweden (w1382 SEK or w201.5 USD, 2015) as esti-
mated by Khalili et al,19 the excess societal cost of work
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USD) per person in 2015.

Interpretation of results in relation to previous
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Although CD is a life-long systemic disease affecting
some 1% of the adult population worldwide, its effect
on work disability is poorly understood. To our
knowledge, only 2 previous studies have examined
work loss in adult patients with CD and with incon-
sistent results. One of these studies, also from Sweden,
found that the number of lost work days decreased
upon diagnosis,7 whereas the other study, from
Finland, found that patients with CD had less work loss
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than unmatched comparators before and after diag-
nosis.8 Both studies were, however, based on self-
reported postal questionnaires and thus susceptible
to recall bias and selection bias. Other limitations of
these studies7,8 include their lack of general-population
comparators and short follow-up after diagnosis (1
year). Hence, our study contributes by providing robust
estimates on work loss based on objective data on sick
leave and disability leave in patients with CD as
compared with matched general-population
comparators.

CD has been associated with several comorbidities,3

and studies have shown that patients with CD suffer
from a significant perceived treatment burden in com-
parison to other common conditions.20 Nevertheless,

there seems to be a tendency of inertia towards CD
within the medical community.21

Unlike CD, work loss in inflammatory bowel disease
has been extensively studied.19,22,23 In comparison to the
most recent such study,19 also conducted in Sweden,
patients with CD had similar, if not more, work loss than
patients with ulcerative colitis (w12 vs w14 days), but
less work loss than patients with Crohn’s disease (w34
vs w14 days). Moreover, similar to CD, the majority of
the work loss in inflammatory bowel disease was
attributed to a small group of patients. These data indi-
cate that patients with CD suffer from significant work
loss even in comparison to other chronic gastrointestinal
diseases, and that work disability should be regarded as
an important concern in CD.

Figure 5. Annual number of mean lost work days (upper panel) in relation to calendar year of follow-up biopsy (“0”) in incident
patients with CD with mucosal healing and patients with persistent VA. Mean difference in lost work days (lower panel) be-
tween patients with mucosal healing and patients with persistent VA (reference group) adjusted by age, sex, and education
level. Brackets indicate 95% CIs.
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Similar to trajectories on use and cost of health care,6

patients with CD also had elevated levels of work loss
both before and after diagnosis. The pre-diagnostic in-
crease in work loss may have several explanations,
including the burden of undiagnosed/untreated CD. The
post-diagnostic increase may, however, be less antici-
pated as one would expect work ability to improve
following diagnosis and installation of GFD.

A possible explanation to the persisting post-
diagnostic work loss could be an inadequate response
to GFD. This hypothesis is strengthened by the fact that
the proportion of patients with CD with work loss
(24.6%) corresponds relatively well with previous es-
timates on the proportion of patients with non-
responsive CD.24 Lack of dietary data restricted us
from examining any association between work loss and
adherence to GFD. Mucosal healing may, however, to
some extent serve as a proxy for adherence to GFD as
poor compliance to GFD has been strongly linked with
persistent VA.25 Although our study found no differ-
ence in work loss between patients with CD with or
without mucosal healing, these results should be
interpreted with caution, as only 25% underwent
follow-up biopsy.

We found the RR of work loss in patients with CD as
compared with general-population comparators to be
somewhat lower in those with specific comorbidities
(eg, psychiatric diseases, which have previously been
associated with CD and constitute the leading cause for
sick leave in Sweden).3,16 Although these stratified ana-
lyses should be interpreted with caution, given small
sample sizes and overlapping confidence intervals, we
speculate that the risk of excess work loss in patients
with CD may, at least partly, be driven by associated
comorbidities. If so, interventions aimed to mitigate
those comorbidities may serve as a potential target to
reduce disability, and thereby work loss, in patients
with CD.

Consistent with prior research,15 we found education
level to be the strongest factor associated with work loss
in both patients with CD and comparators. Although the
relative differences between patients with CD and com-
parators were comparable across different education
levels, the absolute differences were significantly larger
within subgroups of lower education levels. Thus, tar-
geting patients with CD with lower education levels may
be helpful to reduce the excess work loss observed in
patients with CD after diagnosis.

Strengths and limitations

To date, this is the first large-scale study on work loss
in patients with CD. By including both prevalent and
incident patients, we have been able to assess the extent
of work loss in patients with CD in relation to the general
population, as well as the temporal relationship between
work loss and diagnosis. Our large study sample enabled

us to provide precise estimates of work loss overall and
in subgroups of patients with CD. Furthermore, the
population-based approach utilizing routinely recorded
data from complete nationwide registries minimized the
risk for selection bias and recall bias, both of which have
been concerns in previous studies.7,8

Another strength of this study is our use of histopa-
thology data to define CD as presence of duodenal VA,
which remains the gold standard to diagnose CD in
adults. This enabled us to identify a more representative
population of patients with CD than in previous studies,
which recruited among members of patient societies
thouth the use of postal questionnaires.7,8 Access to
histopathology data also allowed us to investigate work
loss in relation to mucosal healing. A previous study has
shown that 95% of Swedish patients with small-
intestinal VA have a clinical diagnosis of CD.26

Limitations of this study include a lack of information
on the duration and type of symptoms, if any, that may
have preceded the diagnosis of CD. This prevented us
from examining whether work loss differs according to
varying latency periods before diagnosis and clinical
phenotypes, including pauci-symptomatic CD. Further-
more, we did not have access to data on the leading
cause for sick leave in patients with CD. Serology data
was also unavailable, which, similarly to mucosal healing,
could have aided the assessment of gluten exposure. In
addition, mucosal healing was assessed based on quali-
tative histology, which may underestimate persistent VA
when compared with quantification of the villus
height:crypt depth ratio.27

Social insurance systems may differ between coun-
tries, including differences in sick leave compensation
benefits. Consequently, absolute results related to
studies on work loss should generally be interpreted
with caution. Nonetheless, as our study compared pa-
tients with CD and comparators within the same social
insurance system, any relative results are likely gener-
alizable to social insurance systems in other countries as
well.

Conclusion

Patients with CD lost more work days than compar-
ators before their diagnosis, and this loss increased after
the diagnosis. More than one-half of the work loss in CD
was attributed to less than 10% of the patients, whereas
around 75% did not have any work loss before or after
diagnosis. Identifying patients in risk of increased work
loss may serve as a target to mitigate work disability, and
thereby reduce work loss, in CD.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
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Gastroenterology and Hepatology at www.cghjournal.
org, and at http://doi.org/10.1016/j.cgh.2021.09.002.
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Similar to trajectories on use and cost of health care,6

patients with CD also had elevated levels of work loss
both before and after diagnosis. The pre-diagnostic in-
crease in work loss may have several explanations,
including the burden of undiagnosed/untreated CD. The
post-diagnostic increase may, however, be less antici-
pated as one would expect work ability to improve
following diagnosis and installation of GFD.

A possible explanation to the persisting post-
diagnostic work loss could be an inadequate response
to GFD. This hypothesis is strengthened by the fact that
the proportion of patients with CD with work loss
(24.6%) corresponds relatively well with previous es-
timates on the proportion of patients with non-
responsive CD.24 Lack of dietary data restricted us
from examining any association between work loss and
adherence to GFD. Mucosal healing may, however, to
some extent serve as a proxy for adherence to GFD as
poor compliance to GFD has been strongly linked with
persistent VA.25 Although our study found no differ-
ence in work loss between patients with CD with or
without mucosal healing, these results should be
interpreted with caution, as only 25% underwent
follow-up biopsy.

We found the RR of work loss in patients with CD as
compared with general-population comparators to be
somewhat lower in those with specific comorbidities
(eg, psychiatric diseases, which have previously been
associated with CD and constitute the leading cause for
sick leave in Sweden).3,16 Although these stratified ana-
lyses should be interpreted with caution, given small
sample sizes and overlapping confidence intervals, we
speculate that the risk of excess work loss in patients
with CD may, at least partly, be driven by associated
comorbidities. If so, interventions aimed to mitigate
those comorbidities may serve as a potential target to
reduce disability, and thereby work loss, in patients
with CD.

Consistent with prior research,15 we found education
level to be the strongest factor associated with work loss
in both patients with CD and comparators. Although the
relative differences between patients with CD and com-
parators were comparable across different education
levels, the absolute differences were significantly larger
within subgroups of lower education levels. Thus, tar-
geting patients with CD with lower education levels may
be helpful to reduce the excess work loss observed in
patients with CD after diagnosis.

Strengths and limitations

To date, this is the first large-scale study on work loss
in patients with CD. By including both prevalent and
incident patients, we have been able to assess the extent
of work loss in patients with CD in relation to the general
population, as well as the temporal relationship between
work loss and diagnosis. Our large study sample enabled

us to provide precise estimates of work loss overall and
in subgroups of patients with CD. Furthermore, the
population-based approach utilizing routinely recorded
data from complete nationwide registries minimized the
risk for selection bias and recall bias, both of which have
been concerns in previous studies.7,8

Another strength of this study is our use of histopa-
thology data to define CD as presence of duodenal VA,
which remains the gold standard to diagnose CD in
adults. This enabled us to identify a more representative
population of patients with CD than in previous studies,
which recruited among members of patient societies
thouth the use of postal questionnaires.7,8 Access to
histopathology data also allowed us to investigate work
loss in relation to mucosal healing. A previous study has
shown that 95% of Swedish patients with small-
intestinal VA have a clinical diagnosis of CD.26

Limitations of this study include a lack of information
on the duration and type of symptoms, if any, that may
have preceded the diagnosis of CD. This prevented us
from examining whether work loss differs according to
varying latency periods before diagnosis and clinical
phenotypes, including pauci-symptomatic CD. Further-
more, we did not have access to data on the leading
cause for sick leave in patients with CD. Serology data
was also unavailable, which, similarly to mucosal healing,
could have aided the assessment of gluten exposure. In
addition, mucosal healing was assessed based on quali-
tative histology, which may underestimate persistent VA
when compared with quantification of the villus
height:crypt depth ratio.27

Social insurance systems may differ between coun-
tries, including differences in sick leave compensation
benefits. Consequently, absolute results related to
studies on work loss should generally be interpreted
with caution. Nonetheless, as our study compared pa-
tients with CD and comparators within the same social
insurance system, any relative results are likely gener-
alizable to social insurance systems in other countries as
well.

Conclusion

Patients with CD lost more work days than compar-
ators before their diagnosis, and this loss increased after
the diagnosis. More than one-half of the work loss in CD
was attributed to less than 10% of the patients, whereas
around 75% did not have any work loss before or after
diagnosis. Identifying patients in risk of increased work
loss may serve as a target to mitigate work disability, and
thereby reduce work loss, in CD.
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Supplementary Figure 1.Mean net number of lost work days in incident patients with CD and general-population compar-
ators in relation to calendar year of diagnosis (“0”) according to demographic subgroups. General-population comparators
were matched by age, sex, county of residence, and calendar year. Brackets indicate 95% CIs.
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Supplementary Table 1. Diagnostic Codes Used to Identify
Comorbidities According to the
ICD-10

Cancer C00–C99

Psychiatric disease F00–F99

Cardiovascular disease I00–I99

Diabetes, type 1 and type 2 E10–E14

Musculoskeletal disease M00–M99

ICD-10, 10th Revision of the International Classification of Diseases.
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Supplementary Table 3.Mean Annual Number of Lost Work Days and Adjusted Mean Difference in Lost Work Days in
Relation to Calendar Year of Diagnosis in Incident Patients With CD as Compared With Matched
General-population Comparatorsa

Patients with CD lost
work days, mean

General population
lost work days, mean

Adjusted mean
difference (95% CI)b

In relation to index year
�5 years 30.5 23.9 8.0 (5.4–10.6)
�4 years 30.1 24.1 7.5 (5.1–10.0)
�3 years 30.1 23.7 7.8 (5.4–10.3)
�2 years 30.9 23.4 8.9 (6.5–11.3)
�1 years 32.5 23.0 10.9 (8.5–13.3)
0 years 38.0 23.9 15.6 (13.1–18.0)
þ1 years 38.0 25.1 14.4 (11.7–17.1)
þ2 years 36.0 25.9 11.5 (8.5–14.4)
þ3 years 38.0 27.0 12.2 (8.9–15.5)
þ4 years 41.0 28.8 13.3 (9.4–17.2)
þ5 years 43.4 30.5 13.7 (9.1–18.3)

CD, Celiac disease; CI, confidence interval.
aLost work days defined as days absent from work due to a medical condition, compensated by the Swedish Social Insurance Agency; General-population
comparators were matched by age, sex, county of residence, and calendar year.
bAdjusted mean differences in lost work days between patients with CD and general-population comparators adjusted for age, sex, and level of education; 95% CI
estimated by nonparametric bootstrapping.
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Supplementary Table 3.Mean Annual Number of Lost Work Days and Adjusted Mean Difference in Lost Work Days in
Relation to Calendar Year of Diagnosis in Incident Patients With CD as Compared With Matched
General-population Comparatorsa

Patients with CD lost
work days, mean

General population
lost work days, mean

Adjusted mean
difference (95% CI)b

In relation to index year
�5 years 30.5 23.9 8.0 (5.4–10.6)
�4 years 30.1 24.1 7.5 (5.1–10.0)
�3 years 30.1 23.7 7.8 (5.4–10.3)
�2 years 30.9 23.4 8.9 (6.5–11.3)
�1 years 32.5 23.0 10.9 (8.5–13.3)
0 years 38.0 23.9 15.6 (13.1–18.0)
þ1 years 38.0 25.1 14.4 (11.7–17.1)
þ2 years 36.0 25.9 11.5 (8.5–14.4)
þ3 years 38.0 27.0 12.2 (8.9–15.5)
þ4 years 41.0 28.8 13.3 (9.4–17.2)
þ5 years 43.4 30.5 13.7 (9.1–18.3)

CD, Celiac disease; CI, confidence interval.
aLost work days defined as days absent from work due to a medical condition, compensated by the Swedish Social Insurance Agency; General-population
comparators were matched by age, sex, county of residence, and calendar year.
bAdjusted mean differences in lost work days between patients with CD and general-population comparators adjusted for age, sex, and level of education; 95% CI
estimated by nonparametric bootstrapping.
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Supplementary Table 5. Baseline Characteristics of Incident Patients With CD With or Without Mucosal Healing on Follow-up
Biopsya

Variable Mucosal healingb (n ¼ 942) Persistent VAb (n ¼ 309)

Sex
Men 308 (32.7) 121 (39.2)
Women 634 (67.3) 188 (60.8)

Age, y
Mean 40.8 (9.2) 43.8 (9.6)
Median 39.7 (33.1-47.8) 44.7 (35.7-51.5)

Age groups, y
25–39 482 (51.2) 108 (35.0)
40–59 460 (48.8) 201 (65.0)

Level of education, y
�9 72 (7.6) 29 (9.4)
10–12 362 (38.4) 143 (46.3)
>12 504 (53.5) 137 (44.3)
Missing 4 (0.4) (0.0)

Time from CD diagnosis to follow-up biopsy, y
Mean 1.4 (0.8) 1.3 (0.8)
Median 1.2 (1.0-1.6) 1.1 (1.0-1.4)
Range, min-max 0.5-5.0 0.5-4.9

Comorbiditiesc

Cancer 15 (1.6) 9 (2.9)
Cardiovascular disease 70 (7.4) 25 (8.1)
Diabetes, type 1 and type 2 43 (4.6) 10 (3.2)
Psychiatric disease 86 (9.1) 27 (8.7)
Musculoskeletal diseases 187 (19.9) 65 (21.0)

Work loss in the year of follow-up biopsyd

Any lost work days 224 (23.8) 82 (26.5)
Sick leave 178 (18.9) 69 (22.3)
Disability leave 63 (6.7) 17 (5.5)

Mean lost work days 35.4 (93.4) 34.7 (89.6)
Sick leave 17.9 (61.8) 19.8 (61.3)
Disability leave 17.5 (71.4) 14.9 (67.6)

Employment status
Unemployede 48 (5.1) 23 (7.4)

Less than 1 year of follow-up 6 (0.6) 2 (0.6)
Death 1 (0.1) 2 (0.6)
Emigrated 5 (0.5) (0.0)

Less than 5 year of follow-up 644 (68.4) 194 (62.8)
Death 5 (0.5) 6 (1.9)
Emigrated 11 (1.2) 1 (0.3)
End of data capture 628 (66.7) 187 (60.5)

Note: Data are presented as number (%), mean (standard deviation), or median (25th–75th).
CD, Celiac disease; VA, villus atrophy.
aFollow-up biopsy defined as the first biopsy performed after CD diagnosis within a time frame of 0.5 to 5.0 years from diagnosis.
bMucosal healing (Marsh 0-2) defined as recovery from villous atrophy (Marsh 3) on follow-up biopsy.
cPresence of comorbidities �5 years before CD diagnosis, identified by codes according to the 10th revision of the International Classification of Diseases;
C00–C99 for cancer, F00–F99 for psychiatric disease, I00–I99 for cardiovascular disease, E10–E14 for diabetes type 1 and 2, M00–M99 for musculoskeletal
disease.
dWork loss defined as absence from work due to a medical condition, compensated by the Swedish Social Insurance Agency with “sickness benefit” for
temporarily reduced work ability (ie, sick leave), or “disability pension” in instances of permanently reduced work ability (ie, disability leave).
eDefined as individuals available to the labor market (ie, not students, senior citizens, disabled, etc) but unwillingly without employment.
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Supplementary Table 5. Baseline Characteristics of Incident Patients With CD With or Without Mucosal Healing on Follow-up
Biopsya

Variable Mucosal healingb (n ¼ 942) Persistent VAb (n ¼ 309)

Sex
Men 308 (32.7) 121 (39.2)
Women 634 (67.3) 188 (60.8)

Age, y
Mean 40.8 (9.2) 43.8 (9.6)
Median 39.7 (33.1-47.8) 44.7 (35.7-51.5)

Age groups, y
25–39 482 (51.2) 108 (35.0)
40–59 460 (48.8) 201 (65.0)

Level of education, y
�9 72 (7.6) 29 (9.4)
10–12 362 (38.4) 143 (46.3)
>12 504 (53.5) 137 (44.3)
Missing 4 (0.4) (0.0)

Time from CD diagnosis to follow-up biopsy, y
Mean 1.4 (0.8) 1.3 (0.8)
Median 1.2 (1.0-1.6) 1.1 (1.0-1.4)
Range, min-max 0.5-5.0 0.5-4.9

Comorbiditiesc

Cancer 15 (1.6) 9 (2.9)
Cardiovascular disease 70 (7.4) 25 (8.1)
Diabetes, type 1 and type 2 43 (4.6) 10 (3.2)
Psychiatric disease 86 (9.1) 27 (8.7)
Musculoskeletal diseases 187 (19.9) 65 (21.0)

Work loss in the year of follow-up biopsyd

Any lost work days 224 (23.8) 82 (26.5)
Sick leave 178 (18.9) 69 (22.3)
Disability leave 63 (6.7) 17 (5.5)

Mean lost work days 35.4 (93.4) 34.7 (89.6)
Sick leave 17.9 (61.8) 19.8 (61.3)
Disability leave 17.5 (71.4) 14.9 (67.6)

Employment status
Unemployede 48 (5.1) 23 (7.4)

Less than 1 year of follow-up 6 (0.6) 2 (0.6)
Death 1 (0.1) 2 (0.6)
Emigrated 5 (0.5) (0.0)

Less than 5 year of follow-up 644 (68.4) 194 (62.8)
Death 5 (0.5) 6 (1.9)
Emigrated 11 (1.2) 1 (0.3)
End of data capture 628 (66.7) 187 (60.5)

Note: Data are presented as number (%), mean (standard deviation), or median (25th–75th).
CD, Celiac disease; VA, villus atrophy.
aFollow-up biopsy defined as the first biopsy performed after CD diagnosis within a time frame of 0.5 to 5.0 years from diagnosis.
bMucosal healing (Marsh 0-2) defined as recovery from villous atrophy (Marsh 3) on follow-up biopsy.
cPresence of comorbidities �5 years before CD diagnosis, identified by codes according to the 10th revision of the International Classification of Diseases;
C00–C99 for cancer, F00–F99 for psychiatric disease, I00–I99 for cardiovascular disease, E10–E14 for diabetes type 1 and 2, M00–M99 for musculoskeletal
disease.
dWork loss defined as absence from work due to a medical condition, compensated by the Swedish Social Insurance Agency with “sickness benefit” for
temporarily reduced work ability (ie, sick leave), or “disability pension” in instances of permanently reduced work ability (ie, disability leave).
eDefined as individuals available to the labor market (ie, not students, senior citizens, disabled, etc) but unwillingly without employment.
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