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Background: Normal gastrointestinal (GI) mucosa on endoscopy has been linked to a lower risk of colorectal cancer (CRC) but its
association to overall death is unknown.

Methods: We identified 466,987 individuals with a first GI biopsy 1965-2016 with normal mucosa (60.6% upper GI and 39.4% lower
GI) through all Swedish pathology departments (n = 28). They were individually matched to 2,321,217 reference individuals without
a GI biopsy and also compared to 505,076 full siblings. Flexible parametric models were applied to estimate hazard ratio (HRs) and
95% confidence interval (95% CI) for death.

Results: During a median follow-up of ~11 years, 85,859 (18.39%) of individuals with normal mucosa and 377,653 (16.27%) of reference
individuals died. This corresponded to incidence rates of 147.56/10,000 vs 127.90/10,000 person-years respectively (rate difference: 19.66/
10,000 person-years), with the multivariable-adjusted HR of 1.21 (95% CI: 1.20-1.22). Excess mortality was seen for both upper and lower
biopsy with normal mucosa. Particularly higher HRs for death were seen in males, individuals biopsied when aged <40 years, those
without a prior record of GI disease, and those with high education. Mortality risk was most increased in the first five years after biopsy
(HR = 1.34; 95% CI: 1.32-1.36) but decreased thereafter. Having a GI biopsy with normal mucosa was associated with excess mortality
from cardiovascular (CVD)disease (HR = 1.02; 95% CI: 1.01-1.03), cancer (HR = 1.58; 95% CI: 1.56-1.61), GI disease (HR = 1.65; 95%
CI: 1.58-1.71), and other causes (HR = 1.10; 95% CI: 1.08-1.11). Sibling comparisons yielded similar results.

Conclusion: Compared with individuals without a GI biopsy, those with a normal GI biopsy due to clinical symptoms had a higher
mortality particularly in the first five years after biopsy, and especially from GI disease and cancer.
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Introduction

In 2018, about 0.6% of the Swedish population underwent an upper gastrointestinal (GI) endoscopy as outpatients,’ while
0.7% had a lower endoscopy (colonoscopy).! In Sweden, >1% of the population have an endoscopy every year, with
a larger percentage in ages where colorectal cancer (CRC) is common, for example, 2-3% of those aged 6070 years.'
The most common finding on endoscopy is normal mucosa (i.e., normal histological feature),” but data on the long-term
prognosis of these individuals are largely missing.
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With the introduction of more active screening guidelines around the world (already today, American guidelines
stipulates CRC screening for average-risk adults aged 45-75 years®), more and more people will be informed that their
endoscopy was normal. For almost all GI diseases, there are guidelines* ™ for follow-up and an extensive knowledge of
their prognosis, but apart from recommendations on follow-up with regards to CRC risk'® (and appending data on CRC
risk in patients with normal mucosa),'’ we are not aware of any guidelines for the follow-up of individuals with a GI
biopsy showing normal mucosa, or any study exploring the risk of overall death in these individuals.

In this study, we followed up 466,987 individuals with a GI biopsy showing normal mucosa from 1965 to 2016, and
calculated their absolute and relative risks of deaths, compared with matched reference individuals selected from the
general population and their siblings.

Methods

Study Design and Participants

Between 2015 and 2017 we extracted histopathologic data from the ESPRESSO study (Epidemiology Strengthened by
histoPathology Reports in Sweden).'? That study is a compilation of GI biopsy reports from all 28 pathology departments
in Sweden from 1965 to 2016.'* Retrieved data included morphology codes (a Swedish version of the Systematized
Nomenclature of Medicine (SNOMED) coding) and topography (where T60-T65 represented the upper GI tract and T66-
T69 or T6X the lower part). We defined the exposed group as having a normal mucosa (SnoMed codes: M00100 and
MO00110). An earlier validation of 320 individuals (upper GI (T62-T65): n = 160; colorectal (T67-T68): n = 160) found
a positive predictive value of >98% for normal mucosal histology."*

For each individual with a first GI biopsy of normal mucosa, the government agency Statistics Sweden identified up to
five reference individuals from the general population'* that matched on age, sex, county of residence, and calendar period.
Reference individuals had not undergone any GI biopsy and were alive in Sweden at time of matching. The biopsy/selection
date served as date of cohort entry for the exposed and the unexposed (reference individuals), respectively.

Follow-Up and Ascertainment of Death
Through the unique personal identity number'” assigned to all residents in Sweden, study participants were linked to the
Swedish national health registers as well as the Total Population Register'* allowing for a virtually complete follow-up
from date of cohort entry to emigration, death, or December 31 2017, whichever occurred first.

Date of death was retrieved from the Swedish Total Population Register,'* while cause of death was ascertained
through the Swedish Cause of Death register.'® Secondary outcomes consisted of cause-specific death: cardiovascular
(CVD), cancer, GI disease, and other cause of mortality (ICD codes in Supplementary Table 1).

Covariates

The following five covariates were considered in our models: (I). country of birth (Nordic vs other country); (II).
educational attainment (four categories: 09 years, 10—12 years, >13 years, and “missing”), retrieved from the Swedish
LISA database;'” (IIT). number of health care visits between 2 years and 6 months prior to biopsy/selection date (four
categories: 0, 1, 2-3, and >4), as a proxy for general health status, and health care visits between 6 months and until the
biopsy/selection date was not considered to avoid over-adjustment; (IV). the Charlson comorbidity index up until the
biopsy/selection date (three categories: 0, 1, and >2; without considering peptic ulcer disease), as a proxy for general
health status.'® Finally, we included history of GI disease prior to biopsy/selection date (yes vs no), as such disease may
lead to endoscopy and in many diseases endoscopic remission is an important aim of GI disease management® (ICD
codes in Supplementary Table 1).

Statistical Analysis
We used flexible parametric model with 5 degrees of freedom for baseline effects and 4 degrees of freedom for the time-
dependent effect to estimate the average hazard ratio ([HR] together with 95% confidence interval [CI]) and the temporal
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pattern of HR of mortality since biopsy.'® This approach is similar to the Cox proportional hazards model but allows the
effect of a covariate vary over time rather than just assuming a constant hazard.

We firstly adjusted for the matching variables (birth year, sex, county of residence, and calendar period) in model 1, then
additionally adjusted for country of birth, educational attainment, number of health care visits, Charlson comorbidity index,
and history of GI disease in model 2. We carried out a number of subgroup analyses, stratified for sex, age at cohort entry
(<18'y, 18-<40y, 40-<60 y, and >60 y), biopsy location (upper vs lower GI tract), start year of follow-up (1965-1989, 1990—
1999, 20002009, and 2010-2016), educational attainment, and history of GI disease. As very few children (<18 years) died
from CVD or GI disease, we combined <18 y and 1840 y into one group when investigating those two outcomes.

Sensitivity Analyses

Since comorbidity and health care utilization have a substantial effect on both endoscopy use and mortality rates, we
carried out several sensitivity analyses restricted to: (I). individuals with a Charlson comorbidity index of zero; (II).
individuals with a number of prior health care visit of zero; (III). individuals without a record of endoscopy before cohort

entry (for relevant codes, see Supplementary Table 2); (IV). individuals free of colectomy or proctocolectomy before

cohort entry (for relevant codes, see Supplementary Table 2); (V) individuals free of GI diseases or cancers before six

months after biopsy (for relevant ICD-codes, see Supplementary Table 1); (VI) excluding deaths in the first week after

biopsy to minimize the influence of post-endoscopy complications on our risk estimates.?’ Furthermore, as one individual
might have undergone multiple GI biopsies with different results during follow-up, we additionally considered GI biopsy
result as a time-varying exposure in the model.

Finally, although we considered a range of possible confounders in model 2, all observational studies may suffer from
residual confounding. To further reduce this, we compared individuals with normal mucosa with their siblings, which can
adjust for shared genetic and early environmental factors as well as health care seeking behavior (leading up to a GI
biopsy). Siblings were identified through the multi-generation part of the Total Population Register.'* We requested that
siblings were alive and free of an earlier GI biopsy on the biopsy date of the index siblings.

Data analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC), Stata (version 15.0; StataCorp
LP, College Station, TX), and R version 3.6.0.>' A two-sided P < 0.05 was considered statistically significant.

Patient Involvement
There was no patient involvement in the planning or writing up of this study, but a representative of the Swedish patient

society for GI disease served as a contact person for the overall ESPRESSO study.

Ethics and Data Awvailability
This study was approved by the Ethical Review Board in Stockholm (DNR: 2014/1287-31/4). Given its register-based
nature, the need of individual informed consent was waived.”” Due to legal and ethical reasons, the data cannot be

shared. The data accessed complied with relevant data protection and privacy regulations.

Results
We identified 466,987 individuals with a GI biopsy with normal mucosa (Table 1: 60.62% upper GI and 39.38% lower GI
on first biopsy).

Individuals with normal mucosa were matched to 2,321,217 reference individuals. Median age at biopsy was 43.9 years
with 8.68% undergoing biopsy in childhood (n = 40,551). Around 62% were female and 90% born in the Nordic countries.
Around 38% of biopsied individuals and 26% of reference individuals had at least one health care visit between 2 years and 6
months prior to the date of cohort entry. Individuals undergoing a biopsy with normal mucosa had a higher frequency of
Charlson comorbidity index >1 (24%, vs 15%) and GI disease (47% vs 15%), but very few individuals in either group had

a record of earlier GI cancer (0.58% vs 0.13%). Educational attainment was similar in the exposed and unexposed (Table 1).
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Table | Characteristics of Individuals with a Gl Biopsy Result of Normal Mucosa and
Their Matched References, a Nationwide Matched Cohort Study in Sweden, 1965-2016

Characteristics

No. (%)

Normal Mucosa
(n = 466,987)

Reference
(n =2,321,217)

Age at cohort entry, years *
Mean * SD
Median (IQR)
<I8y
18-<40 y
40-<60 y
260 y
Gender
Male
Female
Country of birth
Nordic country
Other country
Biopsy location b
Upper Gl
Lower Gl
Start year of follow-up
1969-1989
1990-1999
2000-2009
20102016
Educational attainment
09y
10-12y
213y
Missing
Number of health care visits
0
|
2-3
24
Charlson comorbidity index
0

v -

2
History before start of
follow-up
Gl disease
Endoscopy
Gl cancer
Colectomy or
protocolectomy

Follow-up years, Median (IQR)

4438 + 20.55
43.90 (27.60-60.46)
40,551 (8.68)
164,204 (35.16)
142,615 (30.54)
119,617 (25.61)

178,262 (38.17)
288,725 (61.83)

421,520 (90.26)
45,467 (9.74)

283086 (60.62)
183901 (39.38)

41,709 (8.93)
119,339 (25.56)
179,118 (38.36)
126,821 (27.16)

103,436 (22.15)
173,307 (37.11)
114,523 (24.52)
75,721 (1621)

288,449 (61.77)
72,156 (15.45)
56,405 (12.08)
49,977 (10.70)

354,833 (75.98)
80,707 (17.28)
31,447 (6.73)

220,054 (47.12)
148,804 (31.86)
2728 (0.58)
359 (0.08)

10.98 (5.63—-18.03)

4428 +20.53
43.76 (27.52-60.32)
203,184 (8.75)
818,927 (35.28)
708,581 (30.53)
590,525 (25.44)

886,073 (38.17)
1,435,144 (61.83)

2,045,602 (88.13)
275,615 (11.87)

1,407,460 (60.63)
913,757 (39.37)

207,527 (8.94)
593,460 (25.57)
889,927 (38.34)
630,303 (27.15)

519,435 (22.38)
837,426 (36.08)
571,222 (24.61)
393,134 (16.94)

1,720,903 (74.14)

286,539 (12.34)
188,407 (8.12)
125,368 (5.40)

1,979,161 (85.26)
260,117 (11.21)
81,939 (3.53)

353,573 (15.23)
58,577 (2.52)
3057 (0.13)
412 (0.02)

11.24 (5.88-18.27)

<5y 102,445 (21.94) 478,427 (20.61)
5<10y 111,079 (23.79) 556,944 (23.99)
10-<25 y 212,428 (45.49) 1,073,465 (46.25)
225y 41,035 (8.79) 212,381 (9.15)
(Continued)
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Table | (Continued).

No. (%)
Characteristics Normal Mucosa Reference
(n = 466,987) (n =2,321,217)
No. of event
All-cause mortality 85,859 (18.39) 377,653 (16.27)
CVD mortality 28,605 (6.13) 145,773 (6.28)
Cancer mortality 24,360 (5.22) 89,137 (3.84)
Gl disease mortality 3819 (0.82) 11,122 (0.48)
Other mortality 29,075 (6.23) 131,621 (5.67)

Notes: *Cohort entry: date of first biopsy record for individuals with a G biopsy result of normal mucosa, and date of
selection for the matched references. ® References were assigned a value of biopsy location based on the index person.
Abbreviations: IQR, interquartile range; SD, standard deviation; Gl, gastrointestinal.

Overall Death

During a median follow-up of ~11 years, 85,859 (18.39%) of individuals with normal mucosa and 377,653
(16.27%) of reference individuals died (Table 1). This corresponded to incidence rates of 147.56 vs 127.90 per
10,000 person-years, respectively (rate difference 19.66/10,000 per person-years) and an HR of 1.38 (95% CI =
1.37-1.39) (Table 2, model 1). After additionally adjusting for potential confounders, the overall HR decreased to
1.21 (95% CI: 1.20-1.22) (Table 2, model 2). Mortality risk was most increased in the first five years after biopsy
(HR=1.34; 95% CI: 1.32-1.36) and decreased thereafter (HR = 1.03; 95% CI: 1.02-1.05) (Figure 1,
Supplementary Table 3, Supplementary Table 4). In the temporal pattern of HR and 95% CI, the risk of overall

death rapidly decreased to just below one around 10 years, but then increased and exceeded one at around 18
years after biopsy (Figure 1).

Stratified analyses showed a stronger association in males (HR = 1.25; 95% CI: 1.23-1.26) than females (HR =
1.17; 95% CI: 1.16-1.18), and for upper GI biopsy (HR = 1.23; 95% CI: 1.22—1.25) than lower GI biopsy (HR =
1.15; 95% CI: 1.13-1.17) (Figure 2). The association was also stronger for biopsy in childhood (HR = 2.38; 95%
CI: 2.11-2.69) and 18-<40 years (HR = 1.40; 95% CI: 1.33-1.46), compared with thereafter, and among individuals
without a prior record of GI disease (HR = 1.24; 95% CI: 1.23-1.25), and individuals with an education >13 years
(HR = 1.24; 95% CI: 1.23-1.26), compared with others. Finally, the association was strongest in the latest calendar
period 2010-2016 (HR = 1.31; 95% CI: 1.28-1.35), compared with earlier calendar periods (Figure 2). We observed
similar temporal pattern of HR in stratified analyses (Supplementary Figure 1) and similar result of normal mucosa

with risk of all-cause mortality among those underwent upper or lower GI biopsy (Supplementary Figure 2).

Cause-Specific Death

Having a GI biopsy with normal mucosa was associated with excess mortality for all secondary outcomes: CVD
(HR = 1.02; 95% CI: 1.01-1.03), cancer (HR = 1.58; 95% CI: 1.56-1.61), GI disease (HR = 1.65; 95% CI: 1.58-
1.71), and other cause of mortality (HR = 1.10; 95% CI: 1.08-1.11) (Table 2 and Figure 2). Individuals with normal
GI mucosa were at increased risk of GI disease mortality and other cause of mortality until 25 years since biopsy,
but not at increased risk of CVD or cancer mortality after around 5 years since biopsy (Figure 1, Supplementary
Table 3, and Supplementary Table 4).

Sibling Analyses and Sensitivity Analyses
We identified 273,681 individuals with a GI biopsy with normal mucosa and >1 sibling alive at time of biopsy (n =
505,076). Supplementary Table 5 outlined the characteristics of siblings.

Sibling analyses were adjusted for the same covariates as the main analyses, and showed similar results for overall
mortality (model 2: HR = 1.34; 95% CI: 1.31-1.37) and for cause-specific death: CVD (HR = 1.07; 95% CI: 1.02—-1.11),

Clinical Epidemiology 2022:14 htps: 893

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com/get_supplementary_file.php?f=362362.docx
https://www.dovepress.com
https://www.dovepress.com

aa0(q

v68

:sdyzy

¥1:770T ASojolwapidy edtund

Table 2 Mortality in Individuals with a Gl Biopsy Result of Normal Mucosa and Their Matched References

No. of events

Incidence Rate (95% Cls), Per 10,000 PYs

Incidence Rate
Difference (95% Cls),

HR (95% Cls)

Events Normal References Normal Mucosa References Model | Model 2
Per 10,000 PYs
Mucosa
All-cause mortality 85,859 377,653 147.56 (146.59—148.55) 127.90 (127.49-128.30) 19.66 (18.60-20.73) 1.38 (1.37-1.39) 1.21 (1.20-1.22)
CVD mortality 28,605 145,773 49.16 (48.60—49.73) 49.37 (49.12-49.62) —0.21 (-0.83-0.42) 1.16 (1.15-1.18) 1.02 (1.01-1.03)
Cancer mortality 24,360 89,137 41.87 (41.3442.39) 30.19 (29.99-30.39) 11.68 (11.12—-12.24) 1.73 (1.71-1.76) 1.58 (1.56-1.61)
Gl disease mortality 3819 11,122 6.56 (6.36-6.78) 3.77 (3.70-3.84) 2.80 (2.58-3.02) 2.16 (2.07-2.24) 1.65 (1.58-1.71)
Other mortality 29,075 131,621 49.97 (49.40-50.55) 44.58 (44.34-44.82) 5.39 (4.77-6.02) 1.27 (1.26-1.29) 1.10 (1.08-1.11)

Notes: Model I: conditioned on matching set (birth year, gender, county of residence, and calendar period). Model 2: conditioned on matching set and further adjusted for country of birth, educational attainment, number of health care

visits, Charlson comorbidity index, and history of Gl diseases.
Abbreviations: Cls, confidence intervals; CVD, cardiovascular disease; Gl, gastrointestinal; HR, hazard ratio; PYs, Person-years.
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Figure | The HR and 95% ClI of all-cause and cause-specific mortality as a function of time since biopsy, comparing individuals with a Gl biopsy result of normal mucosa with
their matched references. Estimated by the flexible parametric model that conditioned on matching set (birth year, gender, county of residence, and calendar period) and

further adjusted for country of birth, educational attainment, number of health care visits, Charlson comorbidity index, and history of Gl diseases.

All-cause mortality CVD mortality Cancer mortality Gl disease mortality Other cause of mortality
Group HR (95%Cl) HR (95%Cl) HR (95%CI) HR (95%Cl) HR (95%Cl)
Whole population 1.21 (1.20-1.22) - 1.02 (1.01-1.03) - 1.58 (1.56-1.61) . 1.65 (1.58-1.71) - 1.10 (1.08-1.11) -
Gender
Male 1.25 (1.23-1.26) . 1.02 (1.00-1.04) . 1.66 (1.62-1.69) . 1.73 (1.63-1.84) 117 (1.14-1.19) .
Female 1.17 (1.16-1.18) . 1.01(0.99-1.03) - 1.55 (1.51-1.58) . 1.57 (1.49-1.66) . 1.03 (1.02-1.05) .
Age at cohort entry
18-<40y or <40y 1.40 (1.33-1.46) . 1.14(0.99-1.32) - 1.76 (1.61-1.93) - 2.28(1.78-2.92) . 1.31(1.23-1.39) -
40-<60 y 1.27 (1.24-1.29) . 0.96 (0.92-1.00) . 151 (1.46-1.55) . 1.66 (1.52-1.80) . 1.14 (1.10-1.18) .
260y 1.26 (1.25-1.27) . 1.05 (1.03-1.06) . 1.82 (1.79-1.86) . 1.79 (1.70-1.88) . 1.07 (1.05-1.09) .
Biopsy location
Upper GI 1.23 (1.22-1.25) . 1.04 (1.03-1.06) . 1.59 (1.56-1.62) . 1.72 (1.64-1.80) 1.15 (1.13-1.17) .
Lower GI 1.15 (1.13-1.17) . 0.97 (0.95-1.00) . 1.55 (1.51-1.59) . 1.50 (1.40-1.61) 1.01(0.99-1.04) =
Start year of follow-up
1969-1989 1.18 (1.16-1.20) . 1.05 (1.02-1.08) . 1.37 (1.33-1.42) . 1.45 (1.33-1.58) 1.20 (1.16-1.23) .
1990-1999 1.13 (1.11-1.14) . 1.00 (0.98-1.03) + 1.30 (1.27-1.33) . 1.43 (1.34-1.52) 1.13 (1.11-1.16) .
2000-2009 1.07 (1.05-1.08) | -+ 0.94 (0.92:0.97) 1.35 (1.31-1.39) . 1.40 (1.31-1.51) 0.98 (0.96-1.00) *
2010-2016 1.31(1.28-1.35) . 1.03 (0.97-1.10) . 2.23 (2.11-2.35) . 2.16 (1.87-2.51) . 1.01(0.97-1.06)
Educational attainment
0-9 years 1.17 (1.16-1.19) . 1.02 (1.00-1.04) . 1.59 (1.55-1.63) . 161 (1.51-1.72) . 1.04 (1.02-1.06) .
10-12 years 1.19 (1.17-1.21) . 0.99 (0.96-1.02) . 1.52 (1.47-1.56) . 1.64 (1.51-1.77) . 1.06 (1.03-1.09) .
213 years 1.23 (1.20-1.27) . 0.94 (0.89-0.99) 1.55 (1.48-1.62) . 1,62 (1.41-1.85) . 1.14 (1.09-1.19) .
Missing 1.24 (1.23-1.26) . 1.06 (1.04-1.09) . 1.63 (1.58-1.68) . 1.64 (1.52-1.77) . 1.23 (1.20-1.27) .
History of Gl disease
No 1.24 (1.23-1.25) . 1.00 (0.99-1.02) . 1.68 (1.64-1.71) . 1.36 (1.27-1.45) 1.12 (1.10-1.15) .
Yes 1.20 (1.19-1.22) . 1.04 (1.02-1.06) . 1.54 (1.50-1.58) . 1.88 (1.78-1.99) . 1.07 (1.05-1.09) .
e | T — T T T | — —
1 12 14 0.9 1 1.1 12 1 15 2 25 1 15 2 25 1 12 14

Figure 2 Subgroup analyses of the associations between normal mucosa and risk of mortality. Individuals biopsied in childhood (age at cohort entry<I8 y) demonstrated
a much higher risk for all-cause mortality (HR = 2.38; 95% CI: 2.11-2.69), cancer mortality (HR =2.92; 95% CI: 2.1 1-4.05) and other cause of mortality (HR = 2.23; 95% ClI:
1.95-2.56). Estimated by the flexible parametric model that conditioned on matching set (birth year, gender, county of residence, and calendar period) and further adjusted
for country of birth, educational attainment, number of health care visits, Charlson comorbidity index, and history of Gl diseases.

cancer (HR = 1.58; 95% CI: 1.53-1.63), GI disease (HR = 1.75; 95% CI: 1.59-1.92), and other cause of mortality (HR =
1.23; 95% CI: 1.19-1.27) (Table 3).

In a series of sensitivity analyses, similar patterns for overall and cause-specific mortality were also observed
(Supplementary Figure 3).
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Table 3 Mortality in Individuals with a Gl Biopsy Result of Normal Mucosa and Their Siblings

No. of Events

Incidence Rate (95% Cls), Per 10,000 PYs

Incidence Rate
Difference (95% Cls),

HR (95% Cls)

Events Normal References Normal Mucosa References Model | Model 2
Per 10,000 PYs
Mucosa
All-cause mortality 18,881 32,139 52.67 (51.92-53.42) 46.72 (46.21-47.23) 5.95 (5.04-6.85) 1.53 (1.50-1.56) 1.34 (1.31-1.37)
CVD mortality 3519 7519 9.82 (9.49-10.15) 10.93 (10.68-11.18) =11l (-1.52- -0.71) 1.24 (1.19-1.30) 1.07 (1.02-1.11)
Cancer mortality 7037 10,846 19.63 (19.17-20.09) 15.77 (15.47-16.07) 3.86 (3.324.41) 1.70 (1.64-1.75) 1.58 (1.53-1.63)
Gl disease mortality 1003 1155 2.80 (2.63-2.98) 1.68 (1.58-1.78) 1.12 (0.92-1.32) 2.37 (2.16-2.60) 1.75 (1.59-1.92)
Other mortality 7322 12,619 20.42 (19.96-20.90) 18.34 (18.03-18.67) 2.08 (1.51-2.65) 1.43 (1.39-1.48) 1.23 (1.19-1.27)

Notes: Model |: conditioned on family and adjusted for birth year, gender, and calendar period. Model 2: further adjusted for country of birth, educational attainment, number of health care visits, Charlson comorbidity index, and history

of Gl diseases.

Abbreviations: Cls, confidence intervals; CVD, cardiovascular disease; Gl, gastrointestinal; HR, hazard ratio; PYs, Person-years.
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Discussion

The present study found a 21% increased risk of death in individuals with a GI biopsy of normal mucosa. This translates
into one extra death per 10 years in 50 individuals with a normal mucosa at GI biopsy, with a much higher excess
mortality in the first five years, which was mainly driven by GI disease and cancer. The increased risk persisted across the
sensitivity analyses and also when we used siblings as comparators to decrease residual confounding. While the excess
mortality decreased when we excluded individuals diagnosed with GI disease or cancer in the first 6 months after biopsy,
individuals with normal mucosa remained at an increased risk of death.

A number of studies have explored the value of normal biopsy/endoscopy for the CRC risk and mortality.''**>°
These studies show a protective effect of having a normal mucosa on CRC, and current screening recommendations
suggest that individuals with a normal endoscopy can abstain from another colonoscopy for ten years.?® The lower CRC
mortality suggests that the increased cancer mortality seen among our study participants might have been due to other
cancers. In other studies, we have shown that in individuals with celiac disease serology,”’ normal duodenal/jejunal
mucosa is linked to future autism,?® epilepsy,”” and Chronic obstructive pulmonary disease (COPD).*® Recently we also
reported that a normal GI mucosa is associated with consequent amyotrophic lateral sclerosis.'> For almost all GI
diseases, there are guidelines for follow-up and an extensive knowledge of their prognosis (Supplementary Table 6), but

until now, data on individuals with normal mucosa have been sparse.

The 21% increased mortality in in our study was almost identical to that seen in our earlier studies on microscopic
colitis (HR = 1.17),>' and celiac disease®® (HR = 1.21; the HR decreased to 1.14 after adjustment for more
confounders).>* But mortality following a biopsy with normal mucosa seems to be lower than that in ulcerative colitis
or Crohn’s disease (HRs of 1.66 and 1.74 respectively in two recent Nordic studies>>).

However, the increased mortality risk within the first five years after biopsy may have several implications. First, an
active clinical approach may be motivated in this group of individuals, albeit with a normal GI histological feature. The
high relative risks 0—5 years do stress the importance of informing individuals with normal mucosa that while certain
diseases have been ruled out, this does not mean that they are healthy, and that they should seek health care again in case
alarming symptoms appear even after a normal endoscopy. Second, it suggests that upper and lower endoscopy with
a normal mucosa have little predictive value for future survival.

The temporal pattern with especially high HRs for GI disease death and cancer death in the 1-2 years after biopsy suggests
that some of these individuals might have undergone endoscopy due to symptoms from other disorders. When Elfstrom et al
examined the risk of incident GI cancer after biopsy, the risk was substantially increased in the first year after biopsy, in both
patients with celiac disease (HR = 5.95) and those with normal mucosa but positive celiac serology (HR = 8.10); the risk was
then normalized during 1-<5 years after biopsy (HR = 1.21 and 0.63 respectively).*> Unfortunately, we did not have data on
the indications for the GI biopsy, but of note the excess mortality risk in the first years after biopsy also persisted when we took
pre-existing GI disease into consideration. Neither was the high initial mortality likely due to complications from the index
endoscopy, since as suggested in a 2016 meta-analysis, mortality rates after colonoscopy are low (2.9 deaths per 100,000
colonoscopies).?’ The excess mortality risk vanished 5 years after biopsy, which might be a consequence of the depletion of
susceptible individuals due to the premature finding for high-risk individuals in the first 5 years after biopsy.

The higher HR of death in children in relation to normal mucosa is consistent with several prognostic studies of
childhood-onset GI diseases.>* >* Excess risks in this age group are probably due to the fact that children without a GI
biopsy very rarely die or suffer from any comorbidity. The same reasoning may explain the slightly higher HRs for death
in those with education >13 years and in those without a prior record of GI disease, where the reference groups may be
healthier than the reference groups of those only completing elementary school (<9 years) and those with a prior record
of GI disease. It is more difficult to explain the higher overall mortality risk in males. This contrasts with the slightly
lower HRs for CRC death in males in our recent paper (HR = 0.59 in males, and 0.64 in females)."'

Strengths and Limitations
Our study had a number of strengths. Following up 466,987 individuals and >2.3 million general population controls
yielded an unprecedented statistical power, which allowed us to explore informative subgroups. For instance we had
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access to mortality data in >40,000 unique individuals undergoing biopsy with normal mucosa in childhood, and were
also able to demonstrate potential sex differences. The nationwide approach safeguards against selection bias and inflated
data that are regularly seen in studies restricted to tertiary centers. Moreover, our data on normal mucosa have
a satisfactory positive predictive value (>98%)."?

The long follow-up with 54% individuals followed-up for >10 years allowed us to explore temporal patterns of
mortality risk. This demonstrated strikingly high HRs in the first few years, followed by null results from 5 years after
biopsy, and potentially a slightly increased risk again 18 years after biopsy. This has implications for the follow-up of
individuals with normal mucosa in the clinics. While our earlier research suggests a protective effect against death from
CRC,"" physicians should be aware of the slightly higher risk of other causes of death in individuals undergoing
endoscopy even in the absence of mucosal abnormalities on GI biopsy.

Even more importantly, we were able to confirm our results from the general population analysis in a large-scale
sibling comparison. This and the consistent results in a range of sensitivity analyses argues against that our findings
would be random.

Lack of data on indications for biopsy is a major limitation. While the Stockholm region started organized CRC screening
in 2008 for asymptomatic average-risk individuals aged 60—69 years (through fecal occult blood test or fecal immunochemical
test), even in 2013 only 63% of Swedes in the recommended age groups underwent CRC screening.*® However, few of the
individuals with a GI biopsy in our study were likely to have been asymptomatic, the normal mucosa findings in the present
study, therefore, do not likely represent screening-detected normal mucosa. But where screening constituted a reason for
endoscopy, this will have taken place in the colorectum, and it is possible that a larger proportion of true screening contributed
to the lower HRs in lower as opposed to upper GI normal mucosa (1.15 vs 1.23).

While we adjusted for GI disease, and adjusted for Charlson comorbidity index and number of health care visits
before biopsy, we cannot rule out that residual disease has contributed to the excess mortality. This said, HRs were
similarly increased also in the sibling comparison where eg health-seeking pattern and genetic factors should have been
better adjusted for. Still we acknowledge the risk of residual confounding. Should smoking, obesity, and degree of
physical exercise be associated with chance of undergoing endoscopy and having a normal mucosa, that might have
influenced our findings. We also had no information on endoscopic quality.

In conclusion, we found an increased risk of death in individuals with a GI biopsy with normal mucosa, especially
from GI disease and cancer. The risk estimates were on par with that of, e.g., microscopic colitis and celiac disease, but
had a very specific temporal pattern, with a higher mortality risk in the first five years after biopsy.
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