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Background: The Swedish Quality Register for Inflammatory Bowel Disease (SWIBREG) 
contains clinical data for the study of inflammatory bowel disease (IBD). The Epidemiology 
Strengthened by histoPathology Reports in Sweden (ESPRESSO) cohort was recently 
established for the study of gastrointestinal histopathology. We aimed to develop and validate 
a histology score from ESPRESSO using clinical information from SWIBREG, and secon-
darily, to evaluate the association of the score on IBD-related hospitalization.
Methods: In a nationwide, population-based cohort study of patients with IBD during 
1969–2017, we linked endoscopic inflammation in SWIBREG with histologic inflammation 
in ESPRESSO. We established a clinically interpretable model for predicting the endoscopic 
score from histology using scalable Bayesian rule lists to define a SNOMED-based histology 
score applicable to the ESPRESSO cohort. We also assessed the impact of baseline endo-
scopic and histology scores on time to IBD-related hospitalization.
Results: We identified 5225 individuals with IBD comprising 11,051 endoscopic assess-
ments in SWIBREG linked to a histopathology record in ESPRESSO. We created predictive 
models to calculate a SNOMED-based histology score which predicted the endoscopic score. 
Split-sample validated areas under the ROC curves for the score predicting a non-zero 
endoscopic score were 0.80 (0.78–0.81) in UC, 0.70 (0.68–0.72) in CD, and 0.76 (0.73–0.78) 
in IBD-U. In a subset of 2741 individuals with an initial IBD diagnosis and a corresponding 
record in ESPRESSO with an endoscopic assessment in SWIBREG, the baseline endoscopic 
and histology scores were associated with time to IBD-related hospitalization (endoscopy 
log-rank UC p<0.001, CD p=0.020, IBD-U p<0.001; histology log-rank UC p=0.018, CD 
p=0.960, IBD-U p=0.034).
Conclusion: Histopathology data in ESPRESSO accurately predict endoscopic scores in 
SWIBREG. Baseline endoscopic and histologic scores were associated with time to IBD- 
related hospitalization, particularly in UC. The SNOMED-based histology score can be used 
as a measure of disease activity in future register-based IBD studies.
Keywords: Crohn’s disease, ulcerative colitis, endoscopic healing, mucosal healing, 
histologic healing

Introduction
Inflammatory bowel diseases (IBD), comprising Crohn’s disease (CD) and ulcera-
tive colitis (UC), are chronic gastrointestinal conditions. IBD is thought to be 
driven by inappropriate immune responses to an altered gut microbiome, or dys-
biosis, with a disease course characterized by remitting and relapsing episodes of 
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inflammation, or flares.1,2 Duration and severity of intest-
inal inflammation are linked with complications of disease 
including colorectal cancer or requiring surgery.3 Recently, 
not only clinical remission but also endoscopic healing 
(EH), defined as the absence of ulcerations and erosions 
on endoscopy, has emerged as an important treatment goal 
in patients with IBD.4,5 EH is associated with improved 
outcomes, including higher rates of clinical remission, 
corticosteroid-free clinical remission, avoidance of intest-
inal surgery, decreased hospitalization, and improved qual-
ity of life.6–10 Despite the advantages of an endoscopic 
evaluation in the objective assessment of remission, EH is 
also not always an accurate indicator of histologic activity 
as microscopic evidence of inflammation is present even in 
patients with clinically and endoscopically quiescent 
disease.11–15 Several studies have shown that histologic 
healing (HH) is associated with favorable clinical out-
comes beyond EH and is a negative predictor of disease 
relapse and of colorectal neoplasia risk.7,12,13,16-18,20,24 

However, previous studies of mucosal healing, defined as 
the presence of EH and HH, in IBD comprise poorly 
generalizable trial or observational data from tertiary cen-
ters with limited follow up. Moreover, previous studies 
correlating endoscopic and histological disease activity 
are limited.14,25

In Sweden, publicly funded healthcare is universally 
accessible to all residents with interactions recorded in 
government-administered national registers (healthcare 
utilization, pharmacy, outpatient care, inpatient care, can-
cer, mortality, socio-economic demographics, and immi-
gration/emigration status) with nearly complete coverage. 
Sweden is therefore an ideal setting for high quality prog-
nostic and safety studies in IBD.26,27 Despite the impor-
tance of both clinical activity and histopathology data in 
routine IBD care, none of the Swedish government- 
administered national healthcare registers contain direct 
measures of clinical, macroscopic, or histological disease 
activity in IBD.28

The Swedish Quality Register for IBD (SWIBREG, 
governed by the Swedish Societies of Gastroenterology, 
Pediatric Gastroenterology, Colorectal Surgery, and 
Gastroenterological Nursing), established in 2005, con-
tains detailed clinical IBD data, including disease charac-
teristics and endoscopic measures of disease activity.29 

SWIBREG has a national coverage of more than 60%, 
with 50,780 registered patients as of March 2020, but 
only a minority have complete, longitudinal information 
regarding endoscopic activity required for the assessment 

of EH. The ESPRESSO (Epidemiology Strengthened by 
histoPathology Reports in Sweden) study, established in 
2017, comprises histopathology data between 1965 and 
2017 coded by SNOMED from all 28 pathology depart-
ments in Sweden from the gastrointestinal tract (pharynx 
to anus) and has high coverage since the mid-1990s.30 

ESPRESSO contains 6.1 million gastrointestinal biopsies 
from 2.1 million unique individuals, and has been vali-
dated for the study of Celiac disease,31,32 serrated 
polyps,33 and microscopic colitis.34

To what extent histopathology data in ESPRESSO can 
predict EH as captured in SWIBREG has not been estab-
lished. Reliable measures of mucosal healing, including 
EH and HH, are critical for the evaluation of IBD prog-
nosis and drug safety as a function of degree and/or dura-
tion of inflammation in future register-based studies. 
Furthermore, since EH and HH do not always concur, it 
is important to measure their individual associations with 
IBD outcomes that reflect disease activity, such as IBD- 
related hospitalization.

We therefore aimed to develop and validate a score for 
measuring intestinal histologic inflammation based on 
SNOMED codes in ESPRESSO using endoscopic mea-
sures of intestinal inflammation from SWIBREG as the 
reference standard. We subsequently aimed to clinically 
validate the SNOMED-based histology score by assessing 
its association with IBD-related hospitalization.

Methods
Register Sources
International classification of disease (ICD) codes are cap-
tured prospectively in routine medical practice in the 
Swedish National Patient Registers (NPR). Data registered 
in the NPR include main diagnosis, secondary diagnoses, 
external cause of injury and poisoning, procedure codes 
(nationwide coverage for both inpatient and hospital-based 
outpatient care since 2001),35 and personal identity num-
ber to allow for linkage with other Swedish registers.36 

SWIBREG contains clinical IBD data that are either miss-
ing in the NPR or lacking in detail, including disease 
duration, extent, surgery, prescribed and administered 
drugs as well as their side-effects, disease activity and 
complications, and laboratory data.29,37,38 While 
SWIBREG was established in 2005, it contains informa-
tion on patients diagnosed as early as 1996 through chart 
review. The ESPRESSO study, comprising gastrointestinal 
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histopathology coded by location (topography) and histo-
logic appearance (morphology) was also used.30

Study Population
All patients with ≥1 ICD code for IBD (CD, UC, or IBD- 
Unclassified (IBD-U)) in the NPR and ≥1 colorectal 
biopsy suggestive of IBD by systematized Nomenclature 
of Medicine (SNOMED) codes in ESPRESSO were iden-
tified. These individuals were linked to SWIBREG data 
(Supplemental Table 1) by the unique personal identity 
number (PIN) issued to all Swedish residents. Having ≥1 
ICD code for IBD plus a relevant biopsy code has 
a positive predictive value of 95% for IBD (personal 
communication, JF Ludvigsson). We differentiated 
between IBD subtypes (CD, UC, or IBD-U) as defined 
by the first diagnostic code in combination with the patho-
logic criteria according to an established criteria.39

Variables
Data from the NPR included IBD diagnostic listings from 
outpatient visits and hospitalizations and endoscopic pro-
cedures (Supplemental tables 1 and 2). Data from 
SWIBREG included location of endoscopic assessment 
(using text descriptions of location; Supplemental Table 
2), and endoscopic scoring (Mayo score for UC40 and 
SWIBREG-CD score for CD).21,29 Data from 
ESPRESSO included morphology (Morphology codes; 
Supplemental Table 3) and topography (6-digit topography 
codes; Supplemental Table 2). Morphology codes ranged 
from normal to more severe abnormalities. Topography 
codes were used to confirm endoscopic location of 
biopsies.

Definition of Inflammation and Location 
in SWIBREG and ESPRESSO
Degree of inflammation was defined in SWIBREG and 
ESPRESSO. In SWIBREG, macroscopic endoscopic 
inflammation was assessed using the Mayo endoscopic 
subscore (MES) for UC and IBD-U (0–3) and SWIBREG- 
CD score (SCS) for CD (0–3); Supplemental Table 4). In 
ESPRESSO, microscopic histologic inflammation was 
assessed using M codes.

In the SWIBREG database, we collected information 
on the macroscopic location and extent for each available 
subject and date when subjects were endoscopically 
assessed. The text descriptions of the macroscopic location 
of the assessment were translated into the topographic 

codes. For each of the topographic location codes T65 
(jejunum and ileum), T67 (cecum/ascending colon, trans-
verse colon, and descending/sigmoid colon), and T68 (rec-
tum), we recorded the maximum MES/SCS (0–3) and the 
specific location where the maximum was observed. Thus, 
for each subject in SWIBREG, for each date at which they 
were assessed, and for each of the locations, we had 
a record of the maximum severity of inflammation. 
These were considered the primary units of analysis for 
the score development.

Through the ESPRESSO study, we had records of the 
date, topography, and morphology of the histology assess-
ment. For each subject, date, and 3-digit topography code 
(T65, T67, and T68), there could be multiple morphology 
codes.

Development of SNOMED-Based 
Histology Score (SWIBREG-ESPRESSO- 
NPR Linkage)
We linked ESPRESSO to SWIBREG data (Supplemental 
Figure) by matching patient identity numbers and location. 
First, we assessed the timing between the SWIBREG assess-
ment and the ESPRESSO record. We considered a match to 
be finding a histologic ESPRESSO record within 31 days 
after the endoscopic SWIBREG assessment for the corre-
sponding 3-digit topography code. Next, we randomly split 
these training data into training (two-thirds) and validation 
samples (one-third).

In the training sample, we estimated regression models 
with the MES/SCS as the outcomes and the linked 
ESPRESSO variables representing the presence of distinct 
pathology codes as the predictors. We restricted the vari-
ables to pathology codes with more than 0.1% frequency 
in the sample. Due to the number of unique codes in 
ESPRESSO and the need for interpretable models, we 
used the Scalable Bayesian Rule Lists Model to identify 
Bayesian rule lists that are interpretable with high predic-
tive accuracy (Bayes).41 For comparison of predictive 
performance, we also fit L1 penalized multinomial models 
for regularization and variable selection, known as the 
least absolute shrinkage and selection operator (Lasso).42 

The predicted values from these models represent contin-
uous SNOMED-based histology scores correlated with 
macroscopic inflammation. In addition to the data driven 
development of histology scores described above, we also 
defined a histology severity score based solely on 
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clinicians’ (JEA, OO, JFL) interpretation (and grouping) 
of the Swedish pathology codes (Supplemental Table 3).

Development and validation of the prediction models 
were done separately for UC, CD and IBD-U. In the 
validation sample, we calculated the aforementioned 
SNOMED-based histology scores using the models that 
were estimated using the training sample. We then con-
structed boxplots and receiver operating characteristic 
(ROC) curves in order to visually assess the correspon-
dence between the different histology scores (referred to as 
Bayes, Lasso, and Clinical) from ESPRESSO and the 
endoscopic score from SWIBREG. Differences in the dis-
tributions of histology scores by endoscopy score groups 
were tested using the Kruskal–Wallis test. We also com-
puted the areas under the ROC curves (AUC) with boot-
strap 95% confidence intervals and Cohen’s kappa to 
numerically quantify the agreement between the categori-
cal endoscopy score predicted by SNOMED-based histol-
ogy scores and the actual endoscopy score. Differences in 
the AUCs for the different models were tested using 
a permutation test.

IBD-Related Hospitalization 
(SWIBREG-ESPRESSO-NPR and 
ESPRESSO-NPR Linkage)
After developing and validating the SNOMED-based his-
tology scores, we assessed the impacts of the initial 
SWIBREG endoscopic score and the ESPRESSO histolo-
gic score at IBD diagnosis on IBD-related hospitalization 
(Supplemental Figure). For this purpose, we restricted to 
subjects with a recorded endoscopic assessment within 
1 year before or after the date of their initial IBD diag-
nosis. We defined the exposure variables as the baseline 
SWIBREG endoscopic score and ESPRESSO SNOMED- 
based histology score which was closest in time to the 
initial IBD diagnosis, as long as it was within 1 year. For 
each of the location codes available on that date, the 
algorithm was applied to compute a score for each loca-
tion, and the maximum of the scores over the locations 
was taken to define the maximum extent of inflammation. 
The outcome variable is defined as the time to first IBD- 
related hospitalization, operationalized as the date of an 
inpatient visit in the NPR with IBD as the primary diag-
nosis (ICD 10 code K51 or K50), or end of follow up, not 
counting IBD hospitalizations during the first 30 days 
following IBD onset. We linked this sample to the subset 
of patients available in SWIBREG with a recorded 

endoscopic score within one year of an IBD diagnosis 
and then computed SNOMED-based histology scores 
according to our algorithms so that we could compare 
the independent and adjusted associations of endoscopic 
score and our histology score with IBD hospitalization. 
Kaplan-Meier estimates of the IBD-hospitalization free 
survival were computed in groups defined by the scores 
and compared using the Log rank test, and Cox regression 
was used to estimate adjusted hazard ratios (aHRs) for the 
impact of baseline nonzero endoscopic score and baseline 
SNOMED-based histology score on time-to-IBD- 
hospitalization.

Analyses were conducted using R statistical software 
(version 3.6.1, R Foundation for Statistical Computing, 
Vienna, Austria) with the “sblr” (Scalable Bayesian Rule 
Lists Model. R package version 1.2. https://CRAN. 
R-project.org/package=sbrl),43 plotROC,44 and survival 
packages45 (R package version 3.1–12, https://CRAN. 
R-project.org/package=survival).

Ethics
Data accessed from Swedish patient registers is not freely 
available. Review and approval were required for this 
research by an ethics committee. The regional ethics com-
mittee in Stockholm approved the study (DNR 2007/785- 
31/5; 2011/1509-32; 2012/601-32; 2015/0004-31; 2015/ 
615-32; 2015/1030-32).

Results
Study Cohorts
We identified 5225 individuals with IBD diagnoses in the 
NPR comprising 11,051 endoscopic assessments in 
SWIBREG linked to a histopathology record in 
ESPRESSO to calculate a SNOMED-based histology 
score (SWIBREG-ESPRESSO-NPR linkage; Table 1, 
first column; Supplemental Figure). From these indivi-
duals, 3448 and 1777 were randomly selected for the 
training sample and validation subsample, respectively. 
Separately, we identified 48,449 individuals with initial 
IBD diagnoses in the NPR since 2002 with 
a histopathology record in ESPRESSO within 1 year of 
their IBD diagnosis (ESPRESSO-NPR linkage; Table 1-
, second column; Supplemental Figure).

Focusing on timing of registration in SWIBREG and 
a histopathology specimen in ESPRESSO, the majority of 
histology assessments occurred within 31 days of the 
SWIBREG endoscopy assessment, largely within 5 days 
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(Figure 1). Of 12,155 total SWIBREG assessments, 11,051 
(91%) had a matching histology assessment in 
ESPRESSO.

Description of the Models Linking 
SWIBREG and ESPRESSO
We established rules based on the estimated Bayesian Rule 
List Model for calculating a histologic inflammation sever-
ity score to predict an endoscopic score using the training 
sample (Algorithm). Briefly, for each individual and loca-
tion on a given date, 4 scores ranging from 0 to 1 were 
calculated corresponding to the predicted probability of 
being in each MES/SCS category. To obtain the predicted 
class, we took the number with the highest score 

probability from each class. To obtain the numeric 
SNOMED-based histology score, we multiplied each 
probability by the score number (1, 2, 3, 4), took the 
sum of those, and subtracted one. The score, therefore, 
represents the expected MES or SCS given the SNOMED 
histopathology codes. This computation is done for each 
location (topography code) available at that pathology 
report date. For use in subsequent analyses, the maximum 
expected endoscopic score over the available locations of 
assessment was used for that date.

We then compared the predicted to actual MES/SCS 
scores using independent data from the validation sample 
(Table 2) and constructed boxplots of the correspondence 
between the histology scores from ESPRESSO and endo-
scopic scores from SWIBREG (Figure 2). We then con-
structed ROC curves for predicting a nonzero MES/SCS 
(Figure 3; Table 3). The kappa coefficients for predicted 
MES/SCS are UC: 0.30, CD: 0.11, IBD-U: 0.28. Overall, 
the continuous SNOMED-based histology score from 
ESPRESSO predicted the endoscopic score on unobserved 
samples with accuracy, but the predicted endoscopic cate-
gory did not have acceptable performance. To increase 
interpretability of the rule list, we dichotomized the con-
tinuous SNOMED-based histology score into 0 (low his-
tologic inflammation, below cutoff for that IBD subtype) 
or 1 (high histologic inflammation, above cutoff for that 
IBD subtype) for use in further analyses. Examining the 
ROC curves, there was a point at which the curve for the 
Bayesian rule list score declined rapidly below 90% true 
positive fraction (TPF) after tracking the curve for the 
Lasso model, and thus, we choose the largest cutoff on 
the histology score where the TPF remained above 0.9. 
The resulting cutoffs for dichotomizing the SNOMED- 
based histology score were UC: 0.77, CD: 0.68, IBD-U: 
0.64. The clinical score had poor apparent performance 
and was not pursued further.

IBD-Related Hospitalization in the 
SWIBREG-ESPRESSO-NPR Linkage
Among the 2741 patients in the SWIBREG-ESPRESSO- 
NPR linkage with an endoscopic assessment within 1 year 
of their IBD onset, during follow up from the initial IBD 
diagnosis, 639 patients had a subsequent IBD-related hos-
pitalization. The baseline endoscopic score was associated 
with time to IBD-related hospitalization, which was stron-
gest for UC, although CD and IBD-U also reached sig-
nificance (log-rank UC p<0.001, CD p=0.020, IBD-U 

Table 1 Description of Registry Linkage

Linkage of SWIBREG- 
ESPRESSO-NPR, 
n (%)

Linkage of 
ESPRESSO- 
NPR, n (%)

Total 5225 48,449

IBD subtype

CD 1617 (30.9) 13,524 (27.9)
UC 2893 (55.4) 26,572 (54.8)

IBD-U 715 (13.7) 8353 (17.2)

Sex

Male 2813 (55.4) 24,772 (51.1)

Female 2268 (44.6) 23,677 (48.9)

Age at IBD diagnosis (years)

Median (IQR) 37 (25–53) 38 (24–58)
Mean (SD) 39 (18) 41 (20)

<6 35 (0.7) 239 (0.5)

6 - <10 96 (1.9) 502 (1.0)
10 - <18 501 (9.9) 4620 (9.5)

18 - <40 2166 (42.6) 20,246 (41.8)

40 - <60 1416 (27.9) 12,166 (25.1)
� 60 867 (17.1) 10,676 (22.0)

Year of IBD diagnosis

1969–2001 1319 (25.2) 0 (0.0)

2002–2006 750 (14.4) 15,947 (32.9)
2007–2011 1242 (23.8) 17,309 (35.7)

2012–2017 1914 (36.6) 15,193 (31.4)

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, 
IBD unclassified; UC, ulcerative colitis; NPR, National Patient Register; SWIBREG, 
Swedish Quality Register for Inflammatory Bowel Disease; ESPRESSO, 
Epidemiology Strengthened by histoPathology Reports in Sweden; IQR, interquar-
tile range; SD, standard deviation.
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Figure 1 Temporality of SWIBREG endoscopic assessment linked to a gastrointestinal histopathology specimen in ESPRESSO. 
Abbreviations: SWIBREG, Swedish Quality Register for Inflammatory Bowel Disease; ESPRESSO, Epidemiology Strengthened by histoPathology Reports in Sweden.

Table 2 Cross-Tabulation of Predicted Mayo Endoscopic Subscore/SWIBREG-CD Score versus Observed Score. The Predicted Mayo 
Endoscopic Subscore/SWIBREG-CD Score Rows are Using the Predicted Category as Described in Algorithm

Actual MES/SCS: 0 Actual MES/SCS: 1 Actual MES/SCS: 2 Actual MES/SCS: 3

UC

Predicted MES: 0 682 (72.6%) 144 (15.3%) 95 (10.1%) 18 (1.9%)

Predicted MES: 1 43 (24.3%) 50 (28.2%) 64 (36.2%) 20 (11.3%)

Predicted MES: 2 161 (19.1%) 259 (30.7%) 326 (38.6%) 99 (11.7%)
Predicted MES: 3 2 (50.0%) 0 (0.0%) 0 (0.0%) 2 (50.0%)

High histology score 336 (25.8%) 371 (28.5%) 459 (35.2%) 137 (10.5%)

CD

Predicted SCS: 0 603 (55.8%) 237 (21.9%) 156 (14.4%) 85 (7.9%)
Predicted SCS: 1 25 (25.3%) 36 (36.4%) 19 (19.2%) 19 (19.2%)

Predicted SCS: 2 5 (21.7%) 9 (39.1%) 9 (39.1%) 0 (0.0%)

Predicted SCS: 3 8 (17.4%) 15 (32.6%) 12 (26.1%) 11 (23.9%)
High histology score 292 (35.0%) 253 (30.3%) 179 (21.4%) 111 (13.3%)

IBD-U

Predicted MES: 0 162 (71.4%) 32 (14.1%) 26 (11.5%) 7 (3.1%)

Predicted MES: 1 - - - -
Predicted MES: 2 69 (20.6%) 99 (29.6%) 129 (38.5%) 38 (11.3%)

Predicted MES: 3 - - - -

High histology score 85% (23.0%) 107 (28.9%) 139 (37.6%) 39 (10.5%)

Abbreviations: CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis; MES, Mayo endoscopic subscore; SCS, SWIBREG-CD score; SWIBREG, Swedish 
Quality Register for Inflammatory Bowel Disease.
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p<0.001; Figure 4). The dichotomized baseline SNOMED- 
based histology score based on the Bayes model into 0 
(low histologic inflammation) or 1 (high histologic 

inflammation) was associated with time to IBD-related 
hospitalization in UC and IBD-U but not CD (log-rank 
UC p=0.018, CD p=0.960, IBD-U p=0.034; Figure 5).

Figure 2 Boxplots of the correspondence between the histology score from ESPRESSO and the endoscopic score from SWIBREG in all patients in the validation subsample 
(n=5225). P-values from the Kruskal–Wallis rank sum test comparing the histology score by MES/SCS group are <0.001 for all IBD subtypes. 
Abbreviations: SWIBREG, Swedish Quality Register for Inflammatory Bowel Disease; ESPRESSO, Epidemiology Strengthened by histoPathology Reports in Sweden; CD, 
Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis; MES, Mayo endoscopic subscore; SCS, SWIBREG-CD score.

Figure 3 ROC curves for nonzero endoscopic score stratified by IBD subtype in the SWIBREG-ESPRESSO-NPR linkage (n=5225). 
Abbreviations: ROC, receiver operating characteristic; IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis.
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In addition, in this subgroup of 2741 patients, we were 
able to assess the relative importance of the initial endo-
scopic score and the SNOMED-based histology score in 
their association with time to IBD-hospitalization. In 
a multivariable Cox model for time to IBD- 
hospitalization for a dichotomized SNOMED-based histol-
ogy score adjusted for endoscopic score, sex, and age at 
IBD onset, a high histology score (aHR 3.18, 95% CI 
1.01–10.03, p=0.049) was a predictor of IBD-related hos-
pitalization in UC, despite the adjustment for non-zero 

endoscopic score (aHR 1.66, 95% CI 0.96–2.86, 
p=0.068; Table 4). In a multivariable Cox model, adjusting 
for baseline endoscopic score with 0 as the reference 
category, sex, and age of IBD-onset, we found insufficient 
evidence that the continuous SNOMED-based histology 
score was associated with time to IBD-related hospitaliza-
tion, though the estimate in UC suggested a 10% increase 
in the hazard of IBD-related hospitalization for a unit 
increase in histology score (HR = 1.10, 95% CI (0.70 
to 1.71)).

Table 3 Areas Under the ROC Curves in the Validation Sample by IBD Type and Model with Bootstrap 95% Confidence Intervals and 
Permutation Test p-values for Pairwise Comparisons (10,000 Replicates)

IBD Subtype Bayes Lasso Clinical Lasso-Bayes Bayes-Clinical Lasso-Clincal

Area under ROC curve (95% CI) P-value

UC 0.80 (0.78–0.81) 0.83 (0.82–0.84) 0.66 (0.65–0.68) 0.016 <0.001 <0.001

CD 0.70 (0.68–0.72) 0.78 (0.77–0.80) 0.65 (0.63–0.66) <0.001 0.0016 <0.001

IBD-U 0.76 (0.73–0.78) 0.82 (0.80–0.84) 0.69 (0.67–0.72) 0.015 0.010 <0.001

Abbreviations: ROC, Receiver operating characteristic; IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis.

Figure 4 Time to IBD-related hospitalization by baseline MES/SCS score in the SWIBREG-ESPRESSO-NPR linkage (n=5225), stratified by IBD subtype. Log-rank p-values: 
UC p<0.001, CD p=0.020, IBD-U p<0.001. 
Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis; SWIBREG, Swedish Quality Register for 
Inflammatory Bowel Disease; ESPRESSO, Epidemiology Strengthened by histoPathology Reports in Sweden; MES, Mayo endoscopic subscore; SCS, SWIBREG-CD score.
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IBD-Related Hospitalization in the 
ESPRESSO-NPR Linkage
In the larger sample of 48,449 individuals with an initial 
IBD diagnosis in the NPR on or after 2002 with 12,134 
observed IBD-hospitalization events, using the 
ESPRESSO SNOMED-based histology score at baseline, 
we observe similar associations with time to IBD-related 
hospitalization in this larger sample, with a strong associa-
tion seen in UC and CD patients, but no association in 
IBD-U patients (log-rank p-value: UC: <0.001, CD 
p-value <0.001, IBD-U p-value: 0.996; Figure 6). We 
were able to estimate this association with greater preci-
sion using the SNOMED-based histology score due to the 
larger sample and longer average follow up time. In a Cox 
model, adjusted for sex, and age of IBD onset, both the 
continuous and dichotomized SNOMED-based histology 
scores were strongly associated with time to IBD-related 
hospitalization in UC patients (Table 5).

Discussion
Main Findings
In this population-based study of incident IBD patients in 
Sweden, we used a data driven approach to create 
a histologic score based on SNOMED coding in 
ESPRESSO that accurately predicted endoscopic scores 
in SWIBREG. This model was particularly robust for 
predicting a zero versus a nonzero endoscopic score, con-
sistent with EH, and validating ESPRESSO for the study 
of IBD. The model is clinically interpretable and easy to 
communicate as the scores are determined by a simple 
series of logical rules based on the presence or absence 
of common pathology codes. The model was also more 
reliable in UC than in CD, as complications of CD may 
not always be linked to luminal endoscopic or histologic 
activity. Finally, we clinically validated our SNOMED- 
based histology score by demonstrating that both 
SWIBREG endoscopic scores of endoscopic inflammation 

Figure 5 Time to IBD-related hospitalization by baseline histology score (Bayes model) in the SWIBREG-ESPRESSO-NPR linkage (n=5225), stratified by IBD subtype. Log 
rank test p-values: UC p=0.018, CD p=0.960, IBD-U p=0.034. 
Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis; NPR, National Patient Register; SWIBREG, Swedish 
Quality Register for Inflammatory Bowel Disease; ESPRESSO, Epidemiology Strengthened by histoPathology Reports in Sweden.
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and our developed ESPRESSO SNOMED-based histology 
score were strongly associated with future IBD-related 
hospitalizations.

Importance of Histology Model
Based on our predictive model, we have identified several 
ESPRESSO topography and morphology codes that in 
combination are highly characteristic of an endoscopic 
score greater than zero. The SNOMED-based histology 
score is a highly informative variable that may be applied 
as a continuous or dichotomized exposure to assess the 
impact of baseline histology on pertinent outcomes in IBD 
on a population-level. While we only examined baseline 
macroscopic endoscopic inflammation severity by MES 
and SCS in SWIBREG and baseline microscopic histolo-
gic inflammation severity by a computed histology score 
in ESPRESSO, these exposure variables may be measured 
longitudinally in a large population-based sample, and at 

many time points. In addition, as many providers may not 
quantify endoscopic activity using the MES and SCS, the 
histology score from biopsies obtained may be used to 
predict endoscopic scores. These variables may be used 
to assess the impact of endoscopic and histologic activity, 
particularly changes in endoscopic and histologic activity 
consistent with mucosal healing, on the natural course of 
IBD and important IBD outcomes.

Measures of Inflammation and 
IBD-Related Hospitalization
We estimated the association of baseline endoscopic and 
histology scores on time to IBD-related hospitalization, 
a common complication of IBD. Our data demonstrated 
that an elevated baseline MES/SCS, and to a larger extent, 
an elevated baseline SNOMED-based histology score, 
both as a dichotomous and continuous variable, was 
strongly associated with time to IBD-related hospitaliza-
tion in the first year, especially in UC. Our estimation was 
more precise using histology than the endoscopic scores as 
we were able to calculate SNOMED-based histology score 
on a much larger sample and over a longer period of time. 
There may be several explanations behind the stronger 
association in UC compared to CD. The connection 
between endoscopic and histologic findings and future 
complications seems less strong in patients with CD,46 

who may require hospitalization for complications of dis-
ease independent of luminal endoscopic or histologic 
inflammatory activity such as for a fibrostenotic (eg, 
bowel obstruction due to a fibrotic stricture) or penetrating 
disease (eg, abscess).

Few studies, largely in UC, have examined the cor-
relation between validated endoscopic and histological 
indices.22,25,47 In general, endoscopic scores correlate 
moderately well with histologic scores, particularly in 
active disease. In a single-center study of 131 patients 
with UC, there was modest correlation between the 
Mayo endoscopic subscore and Riley histologic score 
(Kendall’s [tau] = 0.482, P < 0.0001).14 In another single 
center study, the ulcerative colitis endoscopic index of 
severity (UCEIS) strongly correlated with the Nancy (r = 
0.84, 95% CI 0.76–0.89, p < 0.001) and Robarts’ histo-
logical indices (r= 0.86, 95% CI 0.80–0.90, p < 0.001). 
In contrast, in a multicenter prospective cohort study of 
100 adults with UC in clinical remission undergoing 
surveillance colonoscopy for dysplasia, correlations 
among endoscopic indices, histological subcomponents, 

Table 4 Hazard Ratios and 95% Confidence Intervals for Time 
to IBD-Hospitalization in Mutually Adjusted Cox Models for 
Histology Score and Endoscopic Score in the SWIBREG- 
ESPRESSO-NPR Linkage. Models are Also Adjusted for Sex and 
Age at IBD Onset

UC CD IBD-U

Model 1

High histology score 3.18 
(1.01–10.03) 

p = 0.049

0.96 
(0.62–1.49) 

p = 0.856

0.68 
(0.34–1.35) 

p = 0.271

MES/SCS > 0 1.66 
(0.96–2.86) 

p = 0.068

0.94 
(0.63–1.40) 

p = 0.745

3.48 
(1.22–9.93) 

p = 0.020

Model 2

Continuous 

histology score

1.10 

(0.70–1.71) 

p = 0.683

1.00 

(0.75–1.32) 

p = 0.988

0.78 

(0.32–1.87) 

p = 0.573
MES/SCS 1 vs 0 1.61 

(0.91–2.84) 

p = 0.104

0.76 

(0.49–1.18) 

p = 0.225

1.93 

(0.62–6.03) 

p = 0.259
MES/SCS 2 vs 0 1.87 

(1.07–3.26) 

p = 0.028

0.96 

(0.63–1.45) 

p = 0.833

4.24 

(1.42–12.61) 

p = 0.009
MES/SCS 3 vs 0 2.76 

(1.51–5.06) 

p = 0.001

1.10 

(0.70–1.73) 

p = 0.669

3.59 

(1.17–11.02) 

p = 0.025

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, 
IBD unclassified; UC, ulcerative colitis; NPR, National Patient Register; SWIBREG, 
Swedish Quality Register for Inflammatory Bowel Disease; ESPRESSO, 
Epidemiology Strengthened by histoPathology Reports in Sweden; MES, Mayo 
endoscopic subscore; SCS, SWIBREG-CD score.
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and total Riley score were low (total Riley histology 
score, r = 0.35–0.37).25 In 101 patients with CD, the 
level of agreement between endoscopic and histologic 
activity was fair at 62% (K = 0.2250, P = 0.0064).22

Several studies have demonstrated that HH is asso-
ciated with improved clinical outcomes, beyond EH, and 

is a negative predictor of relapse and of colorectal neopla-
sia risk.7,12,13,16-23,25,48,49 In a study of 646 patients with 
UC, histologic normalization of colonic mucosa was asso-
ciated with an increased odds of relapse-free survival 
compared with EH or histologic quiescence.49 While stu-
dies of HH have largely focused on UC, in the aforemen-
tioned study of 101 patients with ileal CD in clinical 
remission followed for a median of 21 months, HH but 
not EH was associated with a decreased risk of clinical 
relapse, escalation of medical therapy, and corticosteroid 
use.22

In future studies, utilizing clinical and endoscopic data 
from SWIBREG and histologic data from ESPRESSO, we 
will be able to quantitatively assess for the impact of 
healing on critical IBD outcomes, such as surgery and 
corticosteroid use, on a population-based level. In addi-
tion, we will be able to integrate IBD medication expo-
sures to comparatively assess specific classes and 
durations of medications on mucosal healing.

Figure 6 Association between histology score and time to IBD-related hospitalization in an analysis all individuals (ESPRESSO-NPR linkage, n=48,449) with IBD in the 
histopathology register since 2002. Log-rank p-values: UC: <0.001, CD p-value <0.001, IBD-U p-value: 0.996. 
Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, IBD unclassified; UC, ulcerative colitis.

Table 5 Hazard Ratios and 95% Confidence Intervals for Time 
to IBD-Hospitalization Adjusted for Sex, and Age of IBD Onset, 
for a Continuous Histology Score and High versus Low Histology 
Score

UC CD IBD-U

Continuous 
histology score

1.47 
(1.36–1.59), 

p < 0.001

1.17 
(1.10–1.25), 

p < 0.001

1.04 
(0.85–1.29), 

p = 0.681

Dichotomous 
histology score

2.26 
(1.93–2.64), 

p < 0.001

1.20 
(1.10–1.31), 

p < 0.001

1.02 
(0.85–1.24), 

p = 0.818

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; IBD-U, 
IBD unclassified; UC, ulcerative colitis.
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Strengths and Limitations
The main strengths of our study are its population-based 
large cohort size, prospectively recorded data in routine 
medical practice, with a long follow-up period, extracted 
from national registers. As well, the study used validated 
exposure definitions and had virtually complete capture of 
outcome measures. The histology score could also be more 
broadly applied to other sources of histology, such as histol-
ogy databases in the United States, that are subsequently 
coded by SNOMED. Alternatively, if suitable data sources 
are available, similar methodology could be used to develop 
a scoring system based on electronic records of histology- 
based diagnoses. The present study also has limitations, 
including lack of stratification by IBD extent and phenotype 
and inability to use a validated endoscopic score in CD and 
histology score, such as the Robarts’ Histopathology 
Index,50 the Nancy Index,51 or the Geboes score52 in UC; 
no such validated histology score exists in CD. Due to the 
relatively smaller sample of patients with IBD-U, the classi-
fication into endoscopic cohorts by the algorithm was lim-
ited. Given limitations in morphology coding, while we were 
able to differentiate the presence or absence of inflammation, 
we were unable to fully assess for subtleties differentiating 
severe from mild inflammation. Given the heterogeneity in 
areas biopsied during endoscopy, we could not fully assess 
the distribution of histologic disease based on topography 
coding. Moreover, as patients do not systematically undergo 
routine endoscopy and biopsy, but rather for specific indica-
tions such as an exacerbation in symptoms or failure of 
medical therapy, there could be bias in the data generated 
towards a more active IBD population.

Conclusion
In summary, in this population-based cohort study using 
Swedish patient registers, we linked clinical data in 
SWIBREG with histopathology data in ESPRESSO for the 
study of IBD. Linkage and validation are critical to evaluate 
IBD activity and prognosis as a function of degree and/or 
duration of intestinal inflammation. Our computed 
SNOMED-based histology score from ESPRESSO is 
a valid measure of intestinal inflammation for the study of 
IBD. Baseline endoscopic and histologic scores are associated 
with time to IBD-related hospitalization, particularly in UC.

Abbreviations
CI, confidence interval; NPR, National Patient Register; 
SWIBREG, Swedish Quality Register for Inflammatory 

Bowel Disease; ESPRESSO, Epidemiology Strengthened 
by histoPathology Reports in Sweden; IBD, inflammatory 
bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; 
EH, endoscopic healing; HH, histologic healing; OR, odds 
ratio; SnoMed, Systematized Nomenclature of Medicine; 
MES, Mayo endoscopic score; SCS, SWIBREG Crohn’s 
disease score; TPF, true positive fraction.
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