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ABSTRACT
Objective Young- onset colorectal cancer (YCRC) 
incidence is rising. Scant data exist on YCRC risk 
after presentation with concerning symptoms such as 
iron- deficiency anaemia (IDA) or haematochezia. We 
examined the association between IDA and YCRC, and 
haematochezia and YCRC.
Design Cohort study of US Veterans aged 18–49 years 
receiving Veterans Health Administration (VHA) care 
1999–2016. IDA analytic cohort was created matching 
individuals without incident IDA to those with IDA 4:1 
based on sex, birth year and first VHA visit date (n=239 
000). We used this approach to also create a distinct 
haematochezia analytic cohort (n=653 740). Incident 
YCRC was ascertained via linkage to cancer registry 
and/or cause- specific mortality data. We computed 
cumulative incidence, risk difference (RD) and HRs using 
Cox models in each cohort.
Results Five- year YCRC cumulative incidence was 
0.45% among individuals with IDA versus 0.05% 
without IDA (RD: 0.39%, 95% CI: 0.33%–0.46%), 
corresponding to an HR of 10.81 (95% CI: 8.15–14.33). 
Comparing IDA versus no IDA, RD was 0.78% for men 
(95% CI: 0.64%–0.92%) and 0.08% for women (95% 
CI: 0.03%–0.13%), and RD increased by age from 
0.14% for <30 years to 0.53% for 40–49 years. YCRC 
cumulative incidence was 0.33% among individuals with 
haematochezia versus 0.03% without haematochezia 
(RD: 0.30%, 95% CI: 0.26%–0.33%), corresponding 
to an HR of 10.66 (95% CI: 8.76–12.97). Comparing 
haematochezia versus no haematochezia, RD increased 
by age from 0.04% for <30 years to 0.43% for 40–49 
years.
Conclusion Colonoscopy should be strongly considered 
in adults aged <50 years with IDA or haematochezia 
without a clinically confirmed alternate source.

BACKGROUND
Colorectal cancer (CRC) is the second leading cause 
of cancer death in the USA.1 Proportion of CRC 
diagnosed in adults aged <50 years—hereafter 
called young- onset CRC (YCRC)—has increased 
over time, with cases often diagnosed at later stages 
requiring more intense treatment.2–10 Some have 
advocated for more aggressive work- up of individ-
uals aged <50 years presenting with purported ‘red 
flag’ signs or symptoms for CRC, iron- deficiency 
anaemia (IDA) and haematochezia, under the 
postulate this may enhance timely diagnosis and 
treatment.4 11 12 However, US and European clinical 

practice guidelines conflict regarding whether IDA 
or haematochezia in adults aged <50 years should 
trigger diagnostic colonoscopy work- up. For IDA, 
some guidelines recommend colonoscopy for all 
individuals, regardless of age or sex, while others 
recommend colonoscopy for those with IDA aged 
<50 years based on sex, and presence/absence of 
key clinical characteristics such as lower abdom-
inal symptoms (table 1).13–15 Similar variation 
exists across guidelines for work- up of haemato-
chezia, with some recommending colonoscopy as 
first work- up only for those aged ≥40 years, and 
others stratifying recommendations based on age, 
CRC risk factors and bleeding characteristics, 
such as presence of bright red blood per rectum 
(table 1).15 16

Inconsistency across guidelines reflects insuffi-
cient data on YCRC risk among individuals aged 
<50 years with IDA or haematochezia. Clarifying 
risk may inform future guidelines, optimise selec-
tion of individuals for diagnostic colonoscopy, 
and ultimately facilitate earlier stage detection 
and timely YCRC treatment. To address knowl-
edge gaps regarding YCRC risk related to IDA and 
haematochezia, we conducted a study examining 

Significance of this study

What is already known on this subject?
 ► Young- onset colorectal cancer (YCRC) incidence 
is rising, but scant data exist on YCRC risk 
after presentation with concerning symptoms 
such as iron- deficiency anaemia (IDA) or 
haematochezia.

What are the new findings?
 ► Substantially increased YCRC risk was observed 
after either IDA or haematochezia diagnosis. 
Notably, risk was higher among men with IDA 
and among adults aged ≥30 years with IDA or 
haematochezia. Despite increased risk, there 
was low uptake of diagnostic colonoscopy 
among individuals with IDA or haematochezia.

How might it impact on clinical practice in the 
foreseeable future?

 ► Colonoscopy should be strongly considered 
in adults aged <50 years with IDA or 
haematochezia without a clinically confirmed 
alternate source.
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the association between these potential ‘red flag’ diagnoses and 
YCRC risk in a large cohort of US Veterans (aged <50 years).

METHODS
Study design, setting and data sources
We conducted a retrospective cohort study among US Veterans 
aged 18–49 years receiving care within Veterans Health Admin-
istration (VHA), one of the largest US healthcare providers.17 
We used a matched cohort design, matching individuals with 
IDA or haematochezia diagnosis to individuals without a diag-
nosis (online supplemental appendix figure 1). Matched cohort 
designs ensure balance of covariate distributions across expo-
sure groups and comparable follow- up between exposed and 
unexposed individuals using a matched follow- up start date.18–20 
Matching characteristics included birth year, sex and first VHA 
visit date (±180 days). The ‘Matching’ package in R, version 
3.5.1 was used to conduct matching.21

To identify study population data, we used several Department 
of Veterans Affairs (VA) data resources, including the VA Corpo-
rate Data Warehouse (CDW), VHA Vital Status file and National 
Death Index (NDI). The VA CDW provided discrete data, 
including demographic characteristics, administrative claims- 
based diagnosis and procedure codes, prescriptions, anthropo-
metric measures, and free- text data including procedure notes 
and pathology reports. The VHA Vital Status file was used to 
ascertain follow- up time through date of last visit, represented 
as the date and time the last vital record was taken by the health-
care provider.22 NDI cause- specific mortality data were used to 
assess vital status and cause of death, and offer the advantage of 
capturing cause of death within and outside VHA. Person- level 
linkage between VHA data and the NDI cause- specific mortality 
data was derived through collaboration between VA and Depart-
ment of Defense partners, with matching based on social security 
number (SSN) or VA- scrambled SSN.23

IDA analytic cohort
Participants: IDA analytic cohort
The IDA analytic cohort included individuals aged 18–49 years 
receiving VHA care between 1999 and 2016. All Veterans in 
the IDA analytic cohort had at least one blood test measuring 
haemoglobin conducted within the VHA; this blood test date 
was defined as date of cohort entry. For each individual with 
IDA diagnosis, we sampled (with replacement) four matched 
undiagnosed individuals among those alive on the index date 
(date of IDA diagnosis of exposed individual). Follow- up of each 
4:1 unexposed to exposed matched group—hereafter referred to 
as matched clusters—started on index date and continued until 
YCRC diagnosis, death from non- CRC causes, turning age 50, 
5 years of follow- up or end of study (31 December 2016). We 
excluded individuals with YCRC or IBD diagnoses prior to start 
of follow- up. Additionally, we excluded Veterans based on any 
International Classification of Diseases, Ninth and Tenth Revi-
sion (ICD-9, ICD-10) diagnosis codes for IDA prior to the date 
of cohort entry (date of haemoglobin blood test). Only full 4:1 
clusters were included.

IDA exposure variable
IDA was identified by lab diagnosis using the WHO criteria: a 
haemoglobin test identifying anaemia (haemoglobin <130 g/L 
in men, < 120 g/L in women) with a follow- up iron test within 
3 months indicating iron deficiency (ferritin levels ≤15 ng/mL 
or transferrin saturation levels ≤16%).24 Exposed individuals 
were required to have an iron test to confirm presence of iron 
deficiency. To account for potential variations in sensitivity and 
specificity of IDA diagnostic criteria, we conducted a sensitivity 
analysis where iron deficiency was defined by ferritin levels ≤45 
ng/mL (per 2020 American Gastroenterological Association 
guidelines)25 and transferrin saturation levels ≤16%.

Table 1 Guidelines for colonoscopy work- up with presentation of iron- deficiency anaemia (IDA) or haematochezia

Symptomatic presentation Organisation Recommendations

Iron Deficiency Anaemia American Gastroenterological Association25 Bidirectional endoscopy (esophagogastroduodenoscopy and 
colonoscopy) in asymptomatic postmenopausal women and all men 
with IDA.
Bidirectional endoscopy in asymptomatic premenopausal women 
with IDA

American Society of Gastrointestinal Endoscopy13 Colonoscopy regardless of age or sex

British Society of Gastroenterology14 Upper and lower gastrointestinal investigations in postmenopausal 
women and all men with IDA, unless there is a history of significant 
non- GI blood loss.

European Panel on the Appropriateness of 
Gastrointestinal Endoscopy15

Colonoscopy indicated for:
Patients ages≥50 
Men ages<50 with lower abdominal symptoms (eg, abdominal 
pain, change in bowel habits).
Women without gynaecological symptoms and presenting with 
lower abdominal symptoms.
Men and women ages<50 without lower abdominal symptoms but 
no known source of bleeding identified.

Hematochezia American Society of Gastrointestinal Endoscopy16 Digital rectal exam and flexible sigmoidoscopy with or without 
anoscopy prior to colonoscopy among healthy individuals 
ages≤40 years

European Panel on the Appropriateness of 
Gastrointestinal Endoscopy15

Colonoscopy indicated for:
Adults ages≥50
Adults ages<50 without bright red blood, without source of 
bleeding identified at sigmoidoscopy or anoscopy, or in the 
presence of any CRC risk factors such as personal or family history 
of CRC or inflammatory bowel disease.

CRC, colorectal cancer; IDA, iron deficiency anaemia.
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Haematochezia analytic cohort
Participants: haematochezia analytic cohort
The haematochezia analytic cohort included individuals aged 
18–49 years receiving VHA care between 1999 and 2016. For 
the haematochezia analytic cohort, date of cohort entry was 
defined by the first Current Procedural Terminology (CPT) code 
for an office visit initiating care within the VHA (online supple-
mental appendix table 1). Similar to the IDA analytic cohort, for 
each individual with haematochezia diagnosis, we sampled (with 
replacement) four matched undiagnosed individuals among 
those alive on the index date (date of haematochezia diagnosis 
of exposed individual). Follow- up of each 4:1 matched cluster 
started on index date and continued until YCRC diagnosis, death 
from non- CRC causes, turning age 50, 5 years of follow- up or 
end of study (31 December 2016). We excluded individuals with 
YCRC or IBD diagnoses prior to start of follow- up. Additionally, 
we excluded Veterans based on ICD-9/ICD-10 diagnosis codes 
for haematochezia prior to the date of cohort entry. Only full 4:1 
clusters were included.

Haematochezia exposure variable
Haematochezia was identified by ICD-9 (569.3, 578.1) or 
ICD-10 (K62.5, K92.1) codes determined by the research team. 
To account for potential variations in administrative claims codes 
used to indicate haematochezia, we conducted a sensitivity anal-
ysis where the haematochezia exposure included ICD-9 (578.9) 
and ICD-10 (K92.2) codes corresponding to unspecified GI 
haemorrhage.

YCRC outcomes
Primary outcome was YCRC within 5 years of start of follow- up, 
defined by primary and secondary diagnoses identified in VA 
Central Cancer Registry and Oncology Raw, which can accu-
rately identify 90% of CRC cases,26 or NDI- identified YCRC. 
YCRC cases were divided into three anatomical sites based on 
methodology from prior studies.27–29 American Joint Committee 
on Cancer stage was also derived from Oncology Raw. The 
5- year time window is based on an a priori assumption that IDA 
or haematochezia diagnoses would be either resolved or other-
wise unrelated to YCRC outcome outside this time period.

Covariates
Covariates were identified through a priori examination of 
the literature for potential common causes of IDA or haema-
tochezia and YCRC. Covariates included race/ethnicity, body 
mass index (BMI), diabetes, aspirin use and smoking status 
(current, former, never). We defined race/ethnicity in six mutu-
ally exclusive categories: non- Hispanic White (White); non- 
Hispanic Black (Black); Hispanic; Asian or Native Hawaiian/
Pacific Islander; American Indian or Alaska Native; and other 
(multiracial and those designating ‘other’ race) using race and 
ethnicity data within CDW. BMI and diabetes were character-
ised based on previously derived algorithms.30 31 Aspirin expo-
sure was defined as at least two prescriptions or mentions of 
aspirin in free- text notes up to 1 year prior to start of follow- up, 
an approach found to have a positive predictive value and 
negative predictive value of 99.2% and 97.5%, respectively.32 
Smoking status was determined from the VHA Health Factors 
structured data domain, classifying individuals based on termi-
nology including ‘current smoker’, ‘former smoker’ or ‘never 
smoker’.33

Statistical analysis
The IDA and haematochezia analytic cohorts were analysed 
separately. We used univariable analyses to compare Veterans 
with IDA or haematochezia versus without IDA or haemato-
chezia diagnosis using Wilcoxon rank- sum tests or Χ2 tests for 
continuous and categorical variables, respectively. Five- year 
cumulative YCRC incidence was derived using Kaplan- Meier 
estimation to account for censoring.34 Cumulative incidence 
was used to calculate risk differences. Number needed to scope 
(NNS) to identify one YCRC case was estimated by postulating 
that cumulative incidence over 5 years represented baseline 
prevalence of CRC, and computing the inverse of YCRC prev-
alence among exposed individuals.35 Corresponding 95% CIs 
for cumulative incidence, risk difference and NNS estimates 
were derived through bootstrapping with 1000 replications.36 
We used Cox proportional hazard models to estimate YCRC 
hazard ratios (HRs). Follow- up of each matched cluster started 
on index date and continued until YCRC diagnosis or first 
censoring date. We estimated HRs and corresponding 95% 
CIs using mixed Cox regression models adjusted for race/
ethnicity, BMI (categorical), prevalent diabetes, smoking status 
and aspirin use, and accounting for similar covariate distribu-
tions of matched clusters using cluster- specific random inter-
cepts.37 Missingness in covariates was treated as an additional 
category to avoid data loss. An additional sensitivity analysis 
was performed adjusting for diagnosis of change in bowel 
habit (ICD-9: 787.99; ICD-10: R19.4) and unexplained 
weight loss (ICD-9: 783.21; ICD-10: R63.4) within ±60 days 
of follow- up start date in adjusted Cox regression models. 
Additional sex- stratified and age- stratified analyses were also 
performed, including analyses stratified by both age and sex. 
We also considered joint exposure of IDA and haematochezia 
on YCRC risk and sensitivity analyses excluding persons with 
joint exposures of IDA and haematochezia.

Additionally, we descriptively examined proportion of indi-
viduals receiving colonoscopy after IDA or haematochezia diag-
nosis. Colonoscopy was ascertained using CPT codes (online 
supplemental appendix table 2) summarised as proportion 
receiving colonoscopy (1) within 5 years and (2) within 60 
days. Additional sensitivity analyses were performed to examine 
whether shorter first VHA visit date matching window (±90 
days), excluding YCRC cases only ascertained from NDI records, 
excluding women in the IDA cohort with prior diagnoses of 
menorrhagia (ICD-9: 627.0, 626.2; ICD-10: N92.0) or prior 
hysterectomy (ICD-9: V88.01; ICD-10: Z90.71, Z90.710) 
impacted results qualitatively. Online supplemental appendix 
table 3 includes a description of algorithm and codes used to 
derive study variables. Analyses were performed using R, version 
3.5.1.38

Investigators JD, LL and SG had full access to databases used 
for this study and used to develop the study population. This 
research was done without patient involvement. Patients were 
not invited to comment on the study design, develop patient 
relevant outcomes, interpret the results, or contribute to the 
writing or editing of this document for readability or accuracy.

RESULTS
Of 2 934 140 Veterans aged 18–49 years, 2 493 861 were eligible 
for the IDA analytic cohort, and 2 930 957 Veterans were eligible 
for the haematochezia analytic cohort. After applying predefined 
exclusion criteria and matching, there were 239 000 Veterans in 
the IDA analytic cohort and 653 740 Veterans in the haemato-
chezia analytic cohort (online supplemental appendix figure 2).
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IDA and YCRC risk
In the IDA analytic cohort, there were 0.8 million person- years 
of follow- up time and 257 YCRC diagnoses. Median age at 
index date was 42 (quartile 1–quartile 3 (Q1–Q3): 36–46) with 
a median 3.8 years of follow- up time (Q1–Q3: 1.7–5.0; table 2). 
Most were aged 40–49 years (63%), 49% were White and 55% 
were overweight or obese. There were more Veterans with IDA 
who were Black (43% vs 27%), obese (37% vs 29%) and aspirin 
users (13% vs 6%), compared with Veterans without IDA. YCRC 
anatomic site distribution was 38% proximal, 40% distal, 20% 
rectal and 2% unknown, with 39% of cancers diagnosed at stage 
III or stage IV (online supplemental appendix table 4).

Among 47 800 Veterans with IDA, there were 184 YCRCs 
(cumulative incidence: 0.45%) versus 73 YCRCs in 191 200 
Veterans without IDA (cumulative incidence: 0.05%; table 3), 
corresponding to a risk difference (RD) of 0.39% (95% CI: 
0.33%–0.46%). YCRC risk was higher among those with IDA 
versus without IDA (HR: 10.81, 95% CI: 8.15–14.33). There 
were 8482 Veterans (17%; 8482/47 800) who received a colo-
noscopy within 5 years of IDA diagnosis, with 2409 (28%; 
2409/8482) receiving colonoscopies within 60 days.

Five- year cumulative incidence among men with IDA versus 
without IDA was 0.85% (95% CI: 0.72%–1.00%) compared 
with 0.08% (95% CI: 0.06%–0.11%; RD: 0.78%, 95% 
CI: 0.64%–0.92%). Five- year cumulative incidence among 
women with IDA versus without IDA was 0.11% (95% CI: 

0.07%–0.17%) compared with 0.03% (95% CI: 0.02%–0.05%; 
RD: 0.08%; 95% CI: 0.03%–0.13%; table 3). Sensitivity anal-
yses excluding women with prior menorrhagia or hysterectomy 
yielded similar results. In age- stratified analyses, 5- year cumula-
tive incidence increased with increasing age for those with IDA: 
0.14% (95% CI: 0.04%–0.27%) for ages <30 years, 0.20% 
(95% CI: 0.12%–0.28%) for ages 30–39 years and 0.61% (95% 
CI: 0.51%−0.72%) for ages 40–49 years (table 3). Age- stratified 
RDs similarly increased among those with IDA: 0.14% for ages 
<30 years (95% CI: 0.04%−0.26%), 0.18% for ages 30–39 
years (95% CI: 0.10%–0.26%) and 0.53% for ages 40–49 years 
(95% CI: 0.41%–0.63%). In analyses stratified by age and sex, 
men aged 40–49 years with IDA had a 5- year cumulative inci-
dence of 1.02% (95% CI: 0.84%–1.19%) compared with 0.10% 
(95% CI: 0.07%–0.14%) without IDA, yielding an RD of 0.91% 
(95% CI: 0.74%–1.09%). Age- stratified results among women 
were qualitatively similar.

Haematochezia diagnosis and YCRC risk
In the haematochezia analytic cohort, there were 2.62 million 
person- years of follow- up time and 556 YCRC cases. Median age 
at index date was 42 (Q1–Q3: 34–46) with median follow- up 5 
years (Q1–Q3: 3.1–5.0), with 60% ages 40–49 years, 87% men, 
and 53% White. More Veterans with haematochezia were over-
weight or obese (72% vs 49%) and aspirin users (10% vs 6%) 

Table 2 Sample characteristics overall and by iron- deficiency anaemia (IDA) and haematochezia analytic cohorts
IDA cohort Haematochezia cohort

Overall
N=239 000

No IDA
N=191 200

IDA
N=47 800

Overall
N=653 740

No haematochezia
N=522 992

Haematochezia
N=130 748

Follow- up time in 
years, median (Q1- Q3)

3.8 (1.7–5.0) 3.8 (1.8–5.0) 3.6 (1.6–5.0) 5.0 (3.1–5.0) 5.0 (3.1–5.0) 5.0 (3.0–5.0)

Age in years, median 
(Q1- Q3)

42 (36–46) 42 (36–46) 43 (36–46) 42 (34–46) 42 (34–46) 42 (34–46)

  Ages <30 25 430 (10.6%) 20 505 (10.7%) 4925 (10.3%) 98 575 (15.0%) 78 875 (15.1%) 19 700 (15.0%)

  Ages 30–39 62 407 (26.1%) 50 152 (26.2%) 12 255 (25.6%) 162 800 (24.9%) 130 294 (24.9%) 32 506 (24.9%)

  Ages 40–49 151 163 (63.2%) 120 543 (63.0%) 30 620 (64.1%) 392 365 (60.0%) 313 823 (60.0%) 78 542 (60.1%)

Sex

  Male 112 225 (47.0%) 89 780 (47.0%) 22 445 (47.0%) 571 295 (87.4%) 457 036 (87.4%) 114 259 (87.4%)

  Female 126 775 (53.0%) 101 420 (53.0%) 25 355 (53.0%) 82 445 (12.6%) 65 956 (12.6%) 16 489 (12.6%)

Race/ethnicity

  White 116 577 (48.8%) 98 077 (51.3%) 18 500 (38.7%) 349 040 (53.4%) 277 533 (53.1%) 71 507 (54.7%)

  Black 72 569 (30.4%) 51 852 (27.1%) 20 717 (43.3%) 153 210 (23.4%) 119 185 (22.8%) 34 025 (26.0%)

  Hispanic 16 849 (7.1%) 13 640 (7.1%) 3209 (6.7%) 49 902 (7.6%) 38 880 (7.4%) 11 022 (8.4%)

  Asian/Pacific Islander 4435 (1.9%) 3646 (1.9%) 789 (1.7%) 4542 (0.7%) 3565 (0.7%) 977 (0.8%)

  American Indian 1880 (0.8%) 1456 (0.8%) 424 (0.9%) 10 348 (1.6%) 8170 (1.6%) 2178 (1.7%)

  Multiracial/other 4124 (1.7%) 3365 (1.8%) 759 (1.6%) 12 830 (2.0%) 10 235 (2.0%) 2595 (2.0%)

  Missing 22 566 (9.4%) 19 164 (10.0%) 3402 (7.1%) 73 868 (11.3%) 65 424 (12.5%) 8444 (6.5%)

Smoking status

  Never 79 949 (33.5%) 61 011 (31.9%) 18 938 (39.6%) 169 458 (25.9%) 131 643 (25.2%) 37 815 (28.9%)

  Former 22 569 (9.4%) 17 700 (9.3%) 4869 (10.2%) 58 781 (9.0%) 44 809 (8.6%) 13 972 (10.7%)

  Current 60 234 (25.2%) 49 021 (25.6%) 11 213 (23.5%) 180 728 (27.6%) 138 255 (26.4%) 42 473 (32.5%)

  Missing 76 248 (31.9%) 63 468 (33.2%) 12 780 (26.7%) 244 773 (37.4%) 208 285 (39.8%) 36 488 (27.9%)

Prevalent diabetes 18 847 (7.9%) 12 755 (6.7%) 6092 (12.7%) 44 390 (6.8%) 34 071 (6.5%) 10 319 (7.9%)

BMI, median (Q1- Q3) 28.8 (25.0–33.0) 28.7 (25.1–32.9) 28.9 (24.8–33.6) 29.0 (25.7–32.9) 28.9 (25.6–32.7) 29.5 (26.1–33.5)

  Underweight 1695 (0.7%) 1052 (0.6%) 643 (1.4%) 2503 (0.4%) 1890 (0.4%) 613 (0.5%)

  Normal 41 900 (17.5%) 31 768 (16.6%) 10 132 (21.2%) 88 345 (13.5%) 67 484 (12.9%) 20 861 (16.0%)

  Overweight 58 852 (24.6%) 46 021 (24.1%) 12 831 (26.8%) 161 697 (24.7%) 121 257 (23.2%) 40 440 (30.9%)

  Obese 73 541 (30.8%) 55 679 (29.1%) 17 862 (37.4%) 189 632 (29.0%) 136 360 (26.1%) 53 272 (40.7%)

  Missing 63 012 (26.4%) 56 680 (29.6%) 6332 (13.2%) 211 563 (32.4%) 196 001 (37.5%) 15 562 (11.9%)

Aspirin use 17 605 (7.4%) 11 358 (5.9%) 6247 (13.1%) 42 446 (6.5%) 29 457 (5.6%) 12 989 (9.9%)

BMI, body mass index; Q, quartile.
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compared with Veterans without haematochezia (table 2). YCRC 
anatomic site distribution was 15% proximal, 45% distal, 38% 
rectal and 1% unknown, with 40% of cancers diagnosed at stage 
III or stage IV (online supplemental appendix table 4).

Among 130 748 Veterans with haematochezia, there were 
406 YCRCs (5- year cumulative incidence: 0.33%, 95% CI: 

0.30%–0.36%) compared with 150 YCRCs in 522 992 Veterans 
without haematochezia (5- year cumulative incidence: 0.03%, 
95% CI: 0.03%–0.04%), corresponding to an RD of 0.30% 
(95% CI: 0.26%–0.33%; table 4). YCRC risk among Veterans 
with haematochezia was 10.66- fold higher (adjusted HR: 10.66, 
95% CI: 8.76–12.97). Among those with haematochezia, 59 

Table 3 Absolute risk and Cox proportional hazards models for overall, sex- stratified and age- stratified analyses in IDA analytic cohort

Cohort characteristics Absolute estimates Cox proportional hazards models

Baseline
at risk (N)

Number of 
YCRC cases

5- year cumulative 
incidence % (95% CI)

Risk difference % 
(95% CI) NNS (95% CI)

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Overall IDA 47 800 184 0.45
(0.38–0.51)

0.39
(0.33–0.46)

259.8
(226.8–301.6)

10.35
(7.89–13.57)

10.81
(8.15–14.33)

No IDA 191 200 73 0.05
(0.04–0.07)

Ages <30 
years

IDA 4925 7 0.14
(0.04–0.27)

0.14
(0.04–0.26)

703.6
(377.2–2422)

29.22
(3.59–237.47)

147.67
(3.43–6350.88)

No IDA 20 505 1 0.01
(0.00–0.02)

Ages 30–39 
years

IDA 12 255 21 0.20
(0.12–0.28)

0.18
(0.10–0.26)

583.6
(399.2–943.8)

14.53
(5.86–36.00)

14.00
(5.48–35.76)

No IDA 50 152 6 0.02
(0.00–0.03)

Ages 40–49 
years

IDA 30 620 156 0.61
(0.51–0.72)

0.53
(0.41–0.63)

196.3
(171.1 –235.9)

9.62
(7.21–12.83)

10.06
(7.47–13.56)

No IDA 120 543 66 0.09
(0.07–0.11)

Men IDA 22 445 160 0.85
(0.72–1.00)

0.78
(0.64–0.92)

140.3
(121.5–165.6)

14.04
(10.17–19.39)

14.00
(10.04–19.54)

No IDA 89 780 48 0.08
(0.06–0.11)

Men,
aged <30 
years

IDA 1235 7 0.58
(0.17–1.04)

0.56
(0.15–1.00)

176.4
(95.2–625)

29.44
(3.62–239.31)

38.76
(4.50–334.13)

No IDA 5141 1 0.02
(0.00–0.06)

Men,
aged 30–39 
years

IDA 3812 13 0.37
(0.28–0.58)

0.34
(0.14–0.55)

293.2
(185.2–625)

14.35
(4.68–44.02)

11.96
(3.76–38.08)

No IDA 16 201 4 0.03
(0.01–0.07)

Men,
aged 40–49 
years

IDA 17 398 140 1.02
(0.84–1.19)

0.91
(0.74–1.09)

124.3
(106.4–149.3)

13.56
(9.64–19.09)

13.95
(9.81–19.85)

No IDA 68 438 43 0.10
(0.07–0.14)

Women IDA 25 355 24 0.11
(0.07–0.17)

0.08
(0.03–0.13)

1056.5
(741–1692)

3.85
(2.20–6.74)

4.24
(2.34–7.69)

No IDA 101 420 25 0.03
(0.02–0.05)

Women,
aged <30 
years

IDA 3690 0

No IDA 15 364 0

Women,
aged 30–39 
years

IDA 8443 8 0.12
(0.04–0.22)

0.11
(0.03–0.21)

1055.4
(588.2–2500)

16.09
(3.42–75.76)

13.99
(2.76–70.85)

No IDA 33 951 2 0.01
(0.00–0.02)

Women,
aged 40–49 
years

IDA 13 222 16 0.14
(0.07–0.22)

0.07
(0.00–0.16)

826.4
(555.6–1428.6)

2.74
(1.45–5.19)

3.23
(1.65–6.31)

No IDA 52 105 23 0.07
(0.04–0.10)

Risk difference corresponds to difference between exposed and unexposed cumulative incidence results. Number needed to scope (NNS) is the inverse of the CRC prevalence 
among exposed individuals.
Absolute estimates derived from 5- year cumulative incidence curve models accounting for censoring with bootstrapped 95% CIs.
Unadjusted model includes matching strata variable as random intercept; adjusted model additionally adjusts for race/ethnicity, BMI, prevalent diabetes, smoking status and 
aspirin use.
Empty cells reflect having zero cases, limiting the ability to conduct stratified analyses.
BMI, body mass index; CRC, colorectal cancer; IDA, iron- deficiency anaemia; YCRC, young- onset colorectal cancer.
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936 (46%) received a colonoscopy within 5 years follow- up, 
with 59% (35 298/59 936) of colonoscopies within 60 days of 
haematochezia diagnosis.

Five- year cumulative incidence among men with haemato-
chezia versus without haematochezia was 0.35% (95% CI: 

0.31%–0.38%) compared with 0.04% (95% CI: 0.03%–
0.04%; RD: 0.31%; 95% CI: 0.27%–0.35%; table 4). Five- 
year cumulative incidence among women with haematochezia 
versus without haematochezia was 0.22% (95% CI: 0.15%–
0.30%) compared with 0.01% (95% CI: 0.00%–0.02; RD: 

Table 4 Absolute risk and Cox proportional hazards models for overall, sex- stratified and age- stratified analyses in haematochezia analytic cohort

Cohort characteristics Absolute estimates Cox proportional hazards models

Baseline
at risk (N)

Number of YCRC 
cases

5- year cumulative 
incidence % (95% CI)

Risk difference
% (95% CI) NNS (95% CI)

Unadjusted HR 
(95% CI)

Adjusted HR (95% 
CI)

Overall Haematochezia 130 748 406 0.33
(0.30–0.36)

0.30
(0.26–0.33)

322
(293.4–359.1)

10.88
(9.02–13.12)

10.66
(8.76–12.97)

No haematochezia 522 992 150 0.03
(0.03–0.04)

Age <30 
years

Haematochezia 19 700 9 0.05
(0.02–0.08)

0.04
(0.01–0.08)

2188.9
(1312–4985)

12.02
(3.25–44.41)

16.47
(4.09–66.29)

No haematochezia 78 875 3 0.003
(0.00–0.01)

Ages 30–39 
years

Haematochezia 32 506 51 0.16
(0.12–0.20)

0.15
(0.11–0.19)

637.4
(497.4–865.6)

17.09
(9.11–32.05)

17.21
(8.88–33.35)

No haematochezia 130 294 12 0.01
(0.00–0.01)

Ages 40–49 
years

Haematochezia 78 542 346 0.50
(0.44–0.55)

0.43
(0.38–0.49)

227
(206.3–253.3)

10.32
(8.45–12.59)

10.12
(8.22–12.45)

No haematochezia 313 823 135 0.06
(0.05–0.07)

Men Haematochezia 114 259 371 0.35
(0.31–0.38)

0.31
(0.27–0.35)

308
(280.3–342.9)

10.43
(8.60–12.65)

10.16
(8.30–12.44)

No haematochezia 457 036 143 0.04
(0.03–0.04)

Men,
aged <30 
years

Haematochezia 16 367 6 0.04
(0.01–0.07)

0.03
(0.01–0.06)

2727.8
(1428.6–10 000)

8.02
(2.01–32.07)

10.24
(2.31–45.30)

No haematochezia 65 571 3 0.004
(0.00–0.01)

Men,
aged 30–39 
years

Haematochezia 27 761 40 0.14
(0.10–0.19)

0.14
(0.10–0.18)

694
(526.3–1000)

16.07
(8.04–32.13)

15.68
(7.56–32.52)

No haematochezia 111 167 10 0.01
(0.00–0.02)

Men,
aged 40–49 
years

Haematochezia 70 131 325 0.52
(0.47–0.58)

0.46
(0.39–0.52)

215.8
(196.1–243.9)

10.07
(8.22–12.34)

9.85
(7.97–12.18)

No haematochezia 280 298 130 0.07
(0.06–0.08)

Women Haematochezia 16 489 35 0.22
(0.15–0.30)

0.21
(0.14–0.29)

471.1
(350.2–686.1)

20.05
(8.91–45.13)

20.60
(8.84–48.00)

No haematochezia 65 956 7 0.01
(0.00–0.02)

Women,
aged <30 
years

Haematochezia 3333 3 0.09
(0.03–100)

0.09
(0.00–0.21)

1111
(476.2, Und)

No haematochezia 13 304 0 0.00
(0–100)

Women,
aged 30–39 
years

Haematochezia 4745 11 0.23
(0.11–0.39)

0.22
(0.09–0.38)

431.4
(263.2–909.1)

22.22
(4.93–100.26)

25.35
(5.30–121.30)

No haematochezia 19 127 2 0.01
(0.00–0.03)

Women,
aged 40–49 
years

Haematochezia 8411 21 0.27
(0.16–0.39)

0.25
(0.14–0.37)

400.5
(263.2–666.7)

16.79
(6.33–44.53)

15.99
(5.81–44.05)

No haematochezia 33 525 5 0.02
(0.00–0.04)

Risk difference corresponds to difference between exposed and unexposed cumulative incidence results. Number needed to scope (NNS) is the inverse of the CRC prevalence 
among exposed individuals.
Absolute estimates derived from 5- year cumulative incidence curve models accounting for censoring with bootstrapped 95% CIs.
Unadjusted model includes matching strata variable as random intercept; adjusted model additionally adjusts for race/ethnicity, BMI, prevalent diabetes, smoking status and 
aspirin use.
Empty cells reflect having zero cases, limiting the ability to conduct stratified analyses.
.BMI, body mass index; CRC, colorectal cancer; Und, undefined; YCRC, young- onset colorectal cancer.
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0.21%; 95% CI: 0.14%–0.29%). Five- year cumulative inci-
dence among Veterans with haematochezia increased with 
increasing age: 0.05% (95% CI: 0.02%–0.08%) for age <30 
years, 0.16% (95% CI: 0.12%–0.20%) for ages 30–39 years 
and 0.50% (95% CI: 0.44%−0.55%) for ages 40–49 years. 
Age- stratified RDs similarly increased with increasing age: 
0.04% for ages <30 years (95% CI: 0.01%−0.08%), 0.15% 
for ages 30–39 years (95% CI: 0.11%–0.19%) and 0.43% for 
ages 40–49 years (95% CI: 0.38%–0.49%).

In analyses stratified by age and sex, men aged 40–49 years 
with haematochezia had a 5- year cumulative incidence of 
0.52% (95% CI: 0.47%–0.58%) compared with 0.07% (95% 
CI: 0.06%–0.08%) without haematochezia, yielding an RD of 
0.46% (95% CI: 0.39%–0.52%). Among women, age- stratified 
RDs increased with increasing age: 0.22% for ages 30–39 years 
(95% CI: 0.09%–0.38%) and 0.25% for ages 40–49 years (95% 
CI: 0.14%–0.37%).

NNS to detect one YCRC
NNS was 259.8 (95% CI: 226.8–301.6) in the IDA analytic 
cohort and 322 (95% CI: 293.4–359.1) in the haematochezia 
analytic cohort. NNS was 140.3 (95% CI: 121.5–165.6) for 
men and 1056.5 (95% CI: 741–1692) for women in the IDA 
analytic cohort and 308 (95% CI: 280.3–342.9) for men and 
471.1 (95% CI: 350.2–686.1) for women in the haematochezia 
analytic cohort. NNS decreased with increasing age. In the IDA 
analytic cohort, NNS was 703.6 (95% CI: 377.2–2422) for ages 
<30 years, 583.6 (95% CI: 399.2–943.8) for ages 30–39 years 
and 196.3 (95% CI: 171.1–235.9) for ages 40–49 years. The 
NNS was lowest among men aged 40–49 years at 124.3 (95% 
CI: 106.4 –149.3).

In the haematochezia analytic cohort, NNS was 2188.9 (95% 
CI: 1312–4985) for ages <30 years, 637.4 (95% CI: 497.4–
865.6) for ages 30–39 years and 227 (95% CI: 206.3–253.3) for 
ages 40–49 years. Among men, NNS decreased with increasing 
age: 2727.8 for ages <30 years (95% CI: 1428.6–10 000), 694 
for ages 30–39 years (95% CI: 526.3–1000) and 215.8 for ages 
40–49 years (95% CI: 196.1–243.9). Among women, NNS was 
lowest among those aged 40–49 years (NNS: 400.5, 95% CI: 
263.2–666.7).

Additional analyses
Among 1320 Veterans with concurrent IDA and haematochezia, 
there were 31 YCRCs (5- year cumulative incidence: 2.50%, 
95% CI: 1.65%–3.36%), compared with 226 YCRCs among 
237 680 Veterans with only either or neither IDA or haema-
tochezia diagnosis (5- year cumulative incidence: 0.12%, 95% 
CI: 0.10%–0.14%), corresponding to an RD of 2.39% (online 
supplemental appendix table 5).

In a sensitivity analysis excluding cases ascertained only from 
NDI records, 5- year cumulative incidence estimates slightly 
decreased, but were similar to the main analyses (online supple-
mental appendix tables 6 and 7). In sensitivity analysis modi-
fying exposure definitions of IDA to include individuals with 
ferritin levels ≤45 ng/mL and haematochezia to include those 
with unspecified GI haemorrhage, the findings were similar to 
those of the primary analyses (online supplemental appendix 
table 8). In sensitivity analyses excluding individuals with joint 
exposures to IDA and haematochezia from each analytic cohort 
to examine independent effects of each exposure, the findings 
remained robust (online supplemental appendix table 9). In 
sensitivity analyses additionally adjusting for change in bowel 
habit and abnormal weight loss in Cox models, there was no 

meaningful difference in the effect of IDA or haematochezia on 
YCRC risk (online supplemental appendix table 10).

DISCUSSION
In two distinct analytic cohorts derived from a sample of 2.9 
million Veterans aged 18–49 years, we found both IDA and 
haematochezia diagnosis were associated with 10- fold increased 
YCRC risk. YCRC risk was particularly elevated for men with 
IDA or haematochezia, and risk increased with increasing age 
in both cohorts. Given current evidence gaps in YCRC risk 
and burden, our findings could inform clinical guidelines and 
improve timely YCRC detection and treatment.

NNS was 140.3 for men and 1056.5 for women in the IDA 
analytic cohort, and 308 for men and 471.1 for women in the 
haematochezia analytic cohort. Prior work estimated the NNS 
to detect CRC among asymptomatic individuals undergoing 
screening colonoscopy is 333 among adults aged 50–75 years.39 
The estimated NNS results for men in both cohorts were lower 
than these thresholds, suggesting these groups should be strongly 
considered for colonoscopy to rule out CRC. Notably, when 
adjusting for both age and sex, men aged 40–49 years had the 
lowest NNS at 124.3 in the IDA analytic cohort and 215.8 in 
the haematochezia analytic cohort. While NNS for women in 
the IDA and haematochezia analytic cohorts were markedly 
higher (1056.5 and 471.1, respectively), women aged 40–49 
years in the IDA analytic cohort (NNS: 826.4) and the haema-
tochezia analytic cohort (NNS: 400.5) had lower NNS values. 
In age- stratified analyses, risk difference increased by age, such 
that Veterans aged 40–49 years in both IDA (NNS: 196.3) and 
haematochezia (NNS: 227) cohorts had NNS below the 333 
threshold.

YCRC risk among individuals exposed versus unexposed to 
IDA has not been widely studied. Hung et al found a positive 
association between IDA diagnosis and CRC, aligning with our 
findings.40 Perhaps because of the paucity of prior evidence 
on YCRC risk associated with IDA versus without IDA, prac-
tice guidelines regarding work- up including colonoscopy vary 
widely (table 1). While our study findings strengthen evidence 
to support guidelines recommending colonoscopy for men 
aged <50 years with IDA, they also raise questions concerning 
recommendations by some to restrict colonoscopy to postmeno-
pausal women aged <50 years rather than all younger women. 
Women in our IDA analytic cohort had markedly lower YCRC 
risk compared with men but still had increased risk among those 
with IDA, even after excluding those with prior menorrhagia 
or hysterectomy. As such, YCRC risk findings among women 
aged <50 years with IDA diagnosis suggest harms and bene-
fits of colonoscopy uptake should be carefully considered and 
studied further. The findings also clarify YCRC risk by age of 
IDA diagnosis, as the risk difference increases sharply with age, 
justifying discussion about age- specific colonoscopy referral to 
rule out YCRC.

YCRC risk among individuals with haematochezia versus 
without haematochezia has also not been widely studied. 
Prior studies retrospectively assessed symptoms in patients 
with YCRC at time of diagnosis, finding between 37% and 
59% of symptomatic individuals had rectal bleeding at diag-
nosis; these symptoms sometimes led to delays in diagnosis 
because they were attributed to haemorrhoids.41–45 Our find-
ings suggest clinicians should recommend patients aged <50 
years with haematochezia for complete diagnostic colonoscopy 
work- up, particularly those between ages 40 and 49 years, or 
if symptoms persist. If these results are replicated by other 
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population- based studies, practice guidelines may need to be 
updated to recommend colonoscopy as the primary test to eval-
uate haematochezia.

Our findings highlight some of the decision- making chal-
lenges clinicians face in determining the threshold for colo-
noscopy follow- up for individuals with IDA or haematochezia 
but provide a range of data for decision- making. While there 
may not yet be consensus on whether to base decision- making 
on relative risk increases, absolute risk increases or cumulative 
5- year YCRC incidence, our data provide all of these param-
eters. As such, clinicians and guideline makers may use these 
data based on the parameters they feel are most important for 
clinical decisions, including for shared decision- making with 
patients.

Despite observed increased YCRC risk after IDA or haemato-
chezia diagnosis, few patients received follow- up colonoscopy. 
Only 17% with IDA diagnosis and 46% with haematochezia 
diagnosis received colonoscopy, despite being at a higher YCRC 
risk than individuals without these clinical findings. No published 
studies, to our knowledge, have measured colonoscopy uptake 
among adults aged <50 years with IDA or haematochezia. The 
disconnect between increased risk and low uptake may herald 
an opportunity for health services interventions to promote 
colonoscopy uptake, particularly for individuals at highest risk 
for YCRC, such as men with IDA, and individuals with IDA or 
haematochezia aged 40–49 years.

Several limitations may be considered in interpreting our 
results. First, findings of association between IDA or haemato-
chezia diagnosis and YCRC risk are not causal, but instead iden-
tify potential YCRC warning signs, and whether colonoscopy is 
indicated in these scenarios. As Veterans may receive healthcare 
services outside of VHA, the results potentially underestimate 
burden of IDA and haematochezia in the Veteran population and 
resultant colonoscopy uptake. Despite the sizeable proportion of 
YCRC cases that arise as a result of a family history of CRC,46 
we were unable to account for family history of CRC due to 
inadequate documentation within the data source. We relied on 
commonly used diagnostic codes and prior laboratory criteria 
to inform ascertainment of haematochezia and IDA exposures, 
respectively. While we did not validate our IDA or haematochezia 
definitions, which could impact measurement precision, we 
conducted multiple sensitivity analyses using different exposure 
definitions, none of which meaningfully impacted our primary 
results. We also could not distinguish severity of haematochezia 
among patients; cancer risks might be markedly different among 
individuals with minor bleeding (blood on toilet paper) versus 
more obvious, persistent blood in stool. VHA disproportion-
ately cares for a higher number of men versus women, which can 
over- represent an effect more prevalent among men. However, 
our IDA and haematochezia study cohorts included significant 
absolute numbers of women compared with other VHA- based 
studies.

Our study also has several strengths. To our knowledge, it is 
one of the largest studies to examine association between clin-
ically suspicious CRC signs and YCRC risk. We identified IDA 
diagnosis using lab reports, which is a more robust methodology 
than relying on diagnosis codes. Cohort matching enabled adjust-
ment for potential factors that might induce bias, specifically 
birth year, sex, first VHA visit and time of follow- up initiation. 
Further, sensitivity analyses to account for possible variations in 
clinical care and sampling methodology helped ensure robust-
ness of our findings.

CONCLUSION
We found YCRC risk is elevated among Veterans aged 18–49 
years after IDA or haematochezia diagnosis. Among Veterans 
with IDA, risk is highest among men and individuals aged ≥30 
years. Among Veterans with haematochezia, YCRC risk is similar 
among men and women and highest among individuals aged 
≥30 years. Despite increased observed risk, colonoscopy uptake 
after either IDA or haematochezia diagnosis was low. Our results 
offer the opportunity to inform clinical decision- making and 
practice guidelines that may facilitate earlier detection and treat-
ment of the rising number of adults aged <50 years at risk for 
incident and fatal YCRC.
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Appendix Figure 1. Graphical description of matching methodology. 
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Appendix Figure 2. Flowchart of VA participants eligible for cohort   
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Appendix Table 1. CPT Procedure Codes Used to Identify First Visit 

 
Code Definition 
99201 Office or other outpatient visit for the evaluation and management of a new patient; problem-focused history/examination; straightforward medical decision making 
99202 Office or other outpatient visit for the evaluation and management of a new patient; expanded problem-focused history/examination; straightforward medical decision 

making 
99203 Office or other outpatient visit for the evaluation and management of a new patient; detailed problem-focused history/examination; low complexity medical decision 

making 
99204 Office or other outpatient visit for the evaluation and management of a new patient; comprehensive problem-focused history/examination; moderate complexity 

medical decision making 
99205 Office or other outpatient visit for the evaluation and management of a new patient; comprehensive problem-focused history/examination; high complexity medical 

decision making 
99211 Office or other outpatient visit for the evaluation and management of an established patient that may not require the presence of a physician. 
99212 Office or other outpatient visit for the evaluation and management of established patient; problem-focused history/examination; straightforward medical decision 

making 
99213 Office or other outpatient visit for the evaluation and management of established patient; expanded problem-focused history/examination; straightforward medical 

decision making 
99214 Office or other outpatient visit for the evaluation and management of established patient; detailed problem-focused history/examination; low complexity medical 

decision making 
99215 Office or other outpatient visit for the evaluation and management of established patient; comprehensive problem-focused history/examination; high complexity 

medical decision making 
G0463 Hospital outpatient clinic visit for assessment and management of a patient 
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Appendix Table 2. CPT Procedure Codes Used to Identify Colonoscopy 

 
Code Definition 

44388 Colonoscopy through stoma; diagnostic, including collection of specimen(s) by brushing or washing, when performed (separate procedure)  
44389 Colonoscopy through stoma; with biopsy, single or multiple  
44390 Colonoscopy through stoma; with removal of foreign body  
44391 Colonoscopy through stoma; with control of bleeding (eg, injection, bipolar cautery, unipolar cautery, laser, heater probe, stapler, plasma coagulator)  
44392 Colonoscopy through stoma; with removal of tumor(s), polyp(s), or other lesion(s) by hot biopsy forceps or bipolar cautery  
44393 Colonoscopy through stoma; with ablation of tumor(s), polyp(s), or other lesion(s) not amenable to removal by forceps, cautery or snare  
44394 Colonoscopy through stoma; with removal of tumor(s), polyp(s), or other lesion(s) by snare technique  
44397 Colonoscopy through stoma; with transendoscopic stent placement (includes predilation)  
44401 Colonoscopy through stoma; with ablation of tumor(s), polyp(s), or other lesion(s) (includes pre-and post-dilation and guide wire passage)  
44402 Colonoscopy through stoma; with endoscopic stent placement (including  pre- and post-dilation and guide wire passage, when performed)  
44403 Colonoscopy through stoma; with endoscopic mucosal resection  
44404 Colonoscopy through stoma; with directed submucosal injection(s), any substance  
44405 Colonoscopy through stoma; with transendoscopic balloon dilation  
44406 Colonoscopy through stoma; with endoscopic ultrasound examination, limited to the sigmoid, descending, transverse, or ascending colon and cecum  
44407 Colonoscopy through stoma; with transendoscopic ultrasound guided intramural/transmural fine needle aspiration/biopsy(s) 
45355 Colonoscopy, rigid or flexible, transabdominal via colotomy, single or multiple  
45378 Colonoscopy, flexible, proximal to splenic flexure; diagnostic, with or without collection of specimen(s) by brushing or washing 
45379 Colonoscopy, flexible, proximal to splenic flexure; with removal of foreign body  
45380 Colonoscopy, flexible, proximal to splenic flexure; with biopsy, single or multiple  
45381 Colonoscopy, flexible; with directed submucosal injection(s), any substance submucosal injection(s), any substance  
45382 Colonoscopy, flexible; with control of bleeding, any method bleeding (eg, injection, cautery, laser, heater probe, stapler, plasma coagulator)  
45383 Colonoscopy, flexible, proximal to splenic flexure; with ablation of tumors, polyps, or other lesions not removable by forceps, cautery or snare  
45384 Colonoscopy, flexible; with removal of tumor(s), polyp(s), or other lesion(s) by hot biopsy forceps cautery  
45385 Colonoscopy, flexible; with removal of tumor(s), polyp(s), or other lesion(s) by snare technique  
45386 Colonoscopy, flexible; with transendoscopic balloon dilation balloon, 1 or more strictures  
45387 Colonoscopy, flexible, proximal to splenic flexure; with transendoscopic stent placement (includes predilation)  
45388 Colonoscopy, flexible; with ablation of tumor(s), polyp(s), or other lesion(s) (includes pre- and post-dilation and guide wire passage, when performed)  
45389 Colonoscopy, flexible; with endoscopic stent placement (includes pre- and post-dilation and guide wire passage, when performed)  
45390 Colonoscopy, flexible; with endoscopic mucosal resection  
45391 Colonoscopy, flexible, proximal to splenic flexure; with endoscopic ultrasound examination                                                    
45392 Colonoscopy, flexible, proximal to splenic flexure; with transendoscopic ultrasound guided intramural or transmural fine needle aspiration/biopsy(s)               
45393 Colonoscopy, flexible; with decompression (for pathologic distention) (eg, volvulus, megacolon), including placement of decompression tube 
45398 Colonoscopy, flexible; with band ligation(s) (eg, hemorrhoids)  
G0105 Colorectal cancer screening; colonoscopy on individual at high risk  
G0121 Colorectal cancer screening; colonoscopy on individual not meeting criteria for high risk  
G6019 Colonoscopy through stoma; with ablation of tumor(s), polyp(s), or other lesion(s) not amenable to removal by forceps, cautery or snare  
G6020 Colonoscopy through stoma; with transendoscopic stent placement (includes predilation)  
G6024 Colonoscopy, flexible; proximal to splenic flexure; with ablation of tumors, polyps, or other lesions not removable by forceps, cautery or snare  
G6025 Colonoscopy, flexible, proximal to splenic flexure; with transendoscopic stent placement (includes predilation)  
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Appendix Table 3. Algorithms and codes used to derive study variables. 

Condition 
Primary  
or Sensitivity Analysis 

Algorithm/ 
Codes Comments 

Iron Deficiency Anemia 

Primary Algorithm 

Hemoglobin <130 g/L in men, <120 
g/L in women 
AND 
Iron test within 3 months of 
Hemoglobin test showing 
Ferritin levels ≤15 ng/mL OR 
Transferrin saturation levels ≤16% 

Sensitivity Algorithm 

Hemoglobin <130 g/L in men, <120 
g/L in women 
AND 
Iron test within 3 months of 
Hemoglobin test showing 
Ferritin levels ≤45 ng/mL OR 
Transferrin saturation levels ≤16% 

Hematochezia 
Primary Codes 

ICD-9: 569.3, 578.1 
ICD-10: K62.5, K92.1 

Sensitivity Codes 
ICD-9: 569.3, 578.1, 578.9 
ICD-10: K62.5, K92.1, K92.2 

Body Mass Index Primary Algorithm 

Measurement of Height (in inches) 
within 5 years of Follow-up start date 
AND 
Measurement of Weight (in pounds) 
within 1 year of Follow-up start date 

Diabetes Prevalence Primary Algorithm 

Prescription for diabetes medication in 
year of Follow-up start date (insulin, 
sulfonylureas, biguanides, 
thiazolidinediones, other hypoglycemic 
medications)  
OR 
2+ diabetes codes for inpatient and/or 
outpatient visits (VA and Medicare) 
over a 24-month period (ICD-9: 250, 
357.2, 362.0, 366.41) 

Aspirin Use Primary Algorithm 
At least 2 prescriptions or mentions of 
aspirin in free-text notes up to 1 year 
prior to Follow-up start date 

Change in Bowel Habit Sensitivity Codes 

Within ± 60 days of Follow-up start 
date: 
ICD-9: 787.99 
ICD-10: R19.4 

Unexplained Weight Loss Sensitivity Codes 

Within ± 60 days of Follow-up start 
date: 
ICD-9: 783.21 
ICD-10: R63.4 

Prior Menorrhagia Sensitivity Codes 
Before Follow-up start date: 
ICD-9: 626.2, 627.0 
ICD-10: N92.0 

Prior Hysterectomy Sensitivity Codes 
Before Follow-up start date: 
ICD-9: V88.01 
ICD-10: Z90.71, Z90.710 
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Appendix Table 4. Cancer characteristics of iron deficiency anemia (IDA) and hematochezia analytic cohorts. 

 Iron Deficiency Anemia Cohort Hematochezia Cohort 

 

Overall  

N=239,000 

No IDA  

N=191,200 

IDA  

N=47,800 

Overall  

N=653,740 

No Hematochezia  

N=522,992 

Hematochezia  

N=130,748 

YCRC Cases:       

Anatomic Site       

Proximal 98 (38%) 17 (23%) 81 (44%) 85 (15%) 27 (18%) 58 (14%) 

Distal 104 (40%) 36 (49%) 68 (37%) 251 (45%) 85 (57%) 166 (41%) 

Rectal 51 (20%) 20 (27%) 31 (17%) 214 (38%) 36 (24%) 178 (44%) 

Unknown 4 (2%) 0 (0%) 4 (2%) 6 (1%) 2 (1%)  4 (1%) 

Stage at Detection       

Stage I 34 (13%) 8 (11%) 26 (14%) 111 (20%) 14 (9%) 97 (24%) 

Stage II 45 (18%) 10 (14%) 35 (19%) 90 (16%) 15 (10%) 75 (18%) 

Stage III 53 (21%) 17 (23%) 36 (20%) 125 (22%) 28 (19%) 97 (24%) 

Stage IV 47 (18%) 13 (18%) 34 (18%) 100 (18%) 37 (25%) 63 (16%) 

Unknown 78 (30%) 25 (34%) 53 (29%) 130 (23%) 56 (37%) 74 (18%) 

Stage at detection defined using American Joint Committee on Cancer staging.

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-321849–9.:10 2020;Gut, et al. Demb J



Appendix Table 5. Absolute risk and Cox proportional hazards model findings for overall joint exposure analyses in IDA and Hematochezia analytic 
cohorts. 

    Cohort Characteristics Absolute Estimates Cox Proportional Hazards Models 
  

  

Baseline  
At Risk N 

Number of 
YCRC 
Cases 

5-year  
Cumulative 
Incidence 
% (95% CI) 

Risk Difference 
(95% CI) 

NNS 
(95% CI) 

Unadjusted HR 
(95% CI) 

Adjusted HR 
(95% CI) 

  

IDA Cohort 

IDA\ 
Hematochezia 

1,320 31 
2.50% 

(1.65%, 3.36%) 2.39% 
(1.52%, 3.23%) 

42.6 
(31.2, 62.8) 

65.14 
(42.64, 99.50) 

65.29 
(42.49, 100.32) No IDA/ 

Hematochezia* 
237,680 226 

0.12% 
(0.10%, 0.14%) 

                  

Hematochezia 
Cohort 

Hematochezia/ 
IDA 

1,320 31 
2.45% 

(1.69%, 3.44%) 2.36% 
(1.61%, 3.35%) 

42.6 
(31.2, 64.4) 

86.07 
(58.46, 126.70) 

79.04 
(53.38, 117.03) No Hematochezia/ 

IDA* 
652,420 525 

0.09% 
(0.08%, 0.10%) 

*Unexposed group includes individuals exposed to only IDA (IDA analytic cohort) or only hematochezia (Hematochezia analytic cohort) 
Risk difference corresponds to difference between exposed and unexposed cumulative incidence results.  Number needed to scope (NNS) is the 
inverse of the CRC prevalence among exposed individuals. 
Absolute estimates derived from 5-year cumulative incidence curve models accounting for censoring with bootstrapped 95% confidence intervals 
Unadjusted Model includes matching strata variable as random intercept; Adjusted Model additionally adjusts for race/ethnicity, BMI, prevalent 
diabetes, smoking status and aspirin use 
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Appendix Table 6. Sensitivity Analysis excluding National Death Index-identified cases: Absolute risk and Cox proportional hazards 
model findings for overall, sex-stratified and age-stratified analyses in IDA analytic cohort.   

    
Cohort 

Characteristics 
Absolute Estimates Cox Proportional Hazards Models 

  

  

Baseline  
At Risk 

N 

Number of 
YCRC 
Cases 

5-year  
Cumulative 
Incidence 
% (95% CI) 

Risk Difference 
(95% CI) 

NNS 
(95% CI) 

Unadjusted HR 
(95% CI) 

Adjusted HR 
(95% CI) 

  

Overall 

IDA 47,800 141 
0.33% 

(0.27%, 0.39%) 0.30% 
(0.24%, 0.35%) 

339 
(329.5, 404.7) 

63.51 
(40.60, 99.36) 

12.12 
(8.65, 16.98) 

No IDA 191,200 49 
0.04% 

(0.03%, 0.05%) 

                 

Men 

IDA 22,445 120 
0.62% 

(0.51%, 0.74%) 0.55% 
(0.44%, 0.68%) 

140.3 
(121.3, 167.7) 

14.00 
(9.64, 20.32) 

13.83 
(9.42, 20.30) 

No IDA 89,780 36 
0.06% 

(0.04%, 0.09%) 

Women 
IDA 25,355 21 

0.10% 
(0.06%, 0.14%) 0.08% 

(0.04%, 0.13%) 
1056.5 

(765, 1683) 
6.47 

(3.24, 12.93) 
7.73 

(3.71, 16.14) 
No IDA 101,420 13 

0.02% 
(0.01%, 0.03%) 

                 

Age  
<30 

IDA 4,925 5 
0.10% 

(0.02%, 0.21%) 0.10% 
(0.01%, 0.20%) 

985 
(540.5, 4890.4) 

20.85 
(2.44, 178.49) 

31.26 
(3.36, 290.74) 

No IDA 20,505 1 
0.01% 

(0.00%, 0.02%) 

Age  
30-39 

IDA 12,255 17 
0.16% 

(0.08%, 0.24%) 0.15% 
(0.07%, 0.23%) 

720.9 
(488.2, 1384.7) 

17.63 
(5.93, 52.39) 

18.04 
(5.88, 55.40) 

No IDA 50,152 4 
0.01% 

(0.00%, 0.03%) 

Age  
40-49 

IDA 30,620 119 
0.45% 

(0.37%, 0.54%) 0.39% 
(0.31%, 0.48%) 

257.3 
(216.9, 316.1) 

10.99 
(7.78, 15.53) 

11.31 
(7.91, 16.17) 

No IDA 120,543 44 
0.06% 

(0.04%, 0.08%) 

Risk difference corresponds to difference between exposed and unexposed cumulative incidence results.  Number needed to scope (NNS) is the 
inverse of the CRC prevalence among exposed individuals. 
Absolute estimates derived from 5-year cumulative incidence curve models accounting for censoring with bootstrapped 95% confidence intervals 
Unadjusted Model includes matching strata variable as random intercept; Adjusted Model additionally adjusts for race/ethnicity, BMI, prevalent 
diabetes, smoking status and aspirin use 
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Appendix Table 7. Sensitivity Analysis excluding National Death Index-identified cases: Absolute risk and Cox proportional hazards model 
findings for overall, sex-stratified and age-stratified analyses in hematochezia analytic cohort. 

    
Cohort 

Characteristics 
Absolute Estimates Cox Proportional Hazards Models 

  

  

Baseline  
At Risk 

N 

Number of 
YCRC 
Cases 

5-year  
Cumulative 
Incidence 
% (95% CI) 

Risk 
Difference 
(95% CI) 

NNS 
(95% CI) 

Unadjusted HR 
(95% CI) 

Adjusted HR 
(95% CI) 

  

Overall  

Hematochezia 130,748 360 
0.29% 

(0.26%, 0.32%) 0.26% 
(0.24%, 0.30%) 

363.2 
(329.5, 404.7) 

14.18 
(11.38, 17.67) 

13.19 
(10.50, 16.58) No 

Hematochezia 
522,992 102 

0.02% 
(0.02%, 0.03%) 

                 

Men 

Hematochezia 114,259 329 
0.30% 

(0.27%, 0.34%) 0.28% 
(0.24%, 0.31%) 

347.3 
(314.6, 389.2) 

13.49 
(10.77, 16.91) 

12.39 
(9.80, 15.66) No 

Hematochezia 
457,036 98 

0.03% 
(0.02%, 0.03%) 

Women 
Hematochezia 16,489 31 

0.20% 
(0.13%, 0.27%) 0.19% 

(0.12%, 0.26%) 
531.9 

(390.8, 824.7) 
31.07 

(10.97, 88.01) 
33.00 

(11.27, 96.65) No 
Hematochezia 

65,956 4 
0.01% 

(0.00%, 0.01%) 
                

Age  
<30 

Hematochezia 19,700 8 
0.04% 

(0.02%, 0.07%) 0.04% 
(0.01%, 0.07%) 

2462.5 
(1409, 6559) 

16.03 
(3.40, 75.48) 

20.58 
(4.03, 105.18) No 

Hematochezia 
78,875 2 

0.002% 
(0.00%, 0.01%) 

Age  
30-39 

Hematochezia 32,506 47 
0.14% 

(0.10%, 0.19%) 0.14% 
(0.10%, 0.18%) 

691.6 
(537, 967) 

31.48 
(13.46, 73.64) 

29.27 
(12.15, 70.52) No 

Hematochezia 
130,294 6 

0.004% 
(0.00%, 0.01%) 

Age  
40-49 

Hematochezia 78,542 305 
0.42% 

(0.37%, 0.47%) 0.38% 
(0.33%, 0.43%) 

257.5 
(232.1, 289.1) 

13.05 
(10.36, 16.45) 

12.15 
(9.56, 15.43) No 

Hematochezia 
313,823 94 

0.04% 
(0.04%, 0.05%) 

Risk difference corresponds to difference between exposed and unexposed cumulative incidence results.  Number needed to scope (NNS) is the 
inverse of the CRC prevalence among exposed individuals. 
Absolute estimates derived from 5-year cumulative incidence curve models accounting for censoring with bootstrapped 95% confidence intervals 
Unadjusted Model includes matching strata variable as random intercept; Adjusted Model additionally adjusts for race/ethnicity, BMI, prevalent 
diabetes, smoking status and aspirin use 
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Appendix Table 8. Absolute risk and Cox proportional hazards model findings for overall analyses in IDA and Hematochezia analytic  
Cohorts with modifications to inclusion criteria. 

    Cohort Characteristics Absolute Estimates Cox Proportional Hazards Models 
  

  

Baseline  
At Risk N 

Number of 
YCRC 
Cases 

5-year  
Cumulative 
Incidence 
% (95% CI) 

Risk 
Difference 
(95% CI) 

NNS 
(95% CI) 

Unadjusted HR 
(95% CI) 

Adjusted HR 
(95% CI) 

  

IDA Cohort 

IDA 59,127 212 
0.42% 

(0.37%, 0.48%) 0.37% 
(0.32%, 0.43%) 

238.1 
(207.8, 272.9) 

9.78 
(7.63, 12.52) 

10.45 
(8.07, 13.53) 

No IDA  236,508 89 
0.05% 

(0.04%, 0.06%) 

                  

Hematochezia 
Cohort 

Hematochezia 209,698 592 
0.30% 

(0.28%, 0.33%) 0.28% 
(0.25%, 0.30%) 

333 
(307.5, 361.8) 

13.72 
(11.59, 16.25) 

14.35 
(12.01, 17.15) No 

Hematochezia  
838,792 174 

0.02% 
(0.02%, 0.03%) 

IDA definition is anemia based on hemoglobin test (<13.0 mg/dL in men and <12.0 mg/dL in women) and iron deficiency (ferritin levels <45 ng/mL or 
transferrin saturation ≤16%)  
Hematochezia definition based on ICD-9 (569.3, 578.1, 578.9) and ICD-10 (K62.5, K92.1, K92.2) diagnostic codes. 
Number needed to scope (NNS) is the inverse of the CRC prevalence among exposed individuals. 
Absolute estimates derived from 5-year cumulative incidence curve models accounting for censoring with bootstrapped 95% confidence intervals 
Unadjusted Model includes matching strata variable as random intercept; Adjusted Model additionally adjusts for race/ethnicity, BMI, prevalent 
diabetes, smoking status and aspirin use 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-321849–9.:10 2020;Gut, et al. Demb J



 
Appendix Table 9. Absolute risk and Cox proportional hazards model findings for overall analyses in IDA and hematochezia analytic cohorts  
excluding cases with both IDA and hematochezia. 

 

    Cohort Characteristics Absolute Estimates Cox Proportional Hazards Models 
  

  

Baseline  
At Risk N 

Number of 
YCRC 
Cases 

5-year  
Cumulative 
Incidence 
% (95% CI) 

Risk 
Difference 
(95% CI) 

NNS 
(95% CI) 

Unadjusted HR 
(95% CI) 

Adjusted HR 
(95% CI) 

  

IDA Cohort 
IDA 46,480 153 

0.39% 
(0.32%, 0.45%) 0.33% 

(0.26%, 0.40%) 
303.8 

(261.7, 357.6) 
8.85 

(6.68, 11.73) 
9.25 

(6.90, 12.40) 
No IDA  185,920 71 

0.05% 
(0.04%, 0.07%) 

                  

Hematochezia 
Cohort 

Hematochezia 129,428 375 
0.31% 

(0.28%, 0.34%) 0.28% 
(0.24%, 0.31%) 

345.1 
(312.7, 383.6) 

10.12 
(8.37, 12.23) 

9.91 
(8.12, 12.09) 

No Hematochezia  517,712 149 
0.03% 

(0.03%, 0.04%) 

IDA and hematochezia-exposed groups exclude all individuals who had both IDA and hematochezia exposure (n=1,320). 
Number needed to scope (NNS) is the inverse of the CRC prevalence among exposed individuals. 
Absolute estimates derived from 5-year cumulative incidence curve models accounting for censoring with bootstrapped 95% confidence intervals 
Unadjusted Model includes matching strata variable as random intercept; Adjusted Model additionally adjusts for race/ethnicity, BMI, prevalent 
diabetes, smoking status and aspirin use 
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Appendix Table 10. Cox proportional hazards model findings for overall analyses in IDA and Hematochezia analytic  
Cohorts comparing adjusted models. 

  Cox Proportional Hazards Models 
  Unadjusted HR 

(95% CI) 
Adjusted HR 

Model 1 
(95% CI) 

Adjusted HR 
Model 2 
(95% CI)   

IDA Cohort 
10.35 

(7.89, 13.57) 
10.81 

(8.15, 14.33) 
10.58 

(7.98, 14.04) 

      

Hematochezia 
Cohort 

10.88 
(9.02, 13.12) 

10.66 
(8.76, 12.97) 

9.94 
(8.15, 12.12) 

Unadjusted Model includes matching strata variable as random intercept 
Adjusted Model 1 additionally adjusts for race/ethnicity, BMI, prevalent diabetes, smoking status and aspirin use 
Adjusted Model 2 additionally adjusts for change in bowel habits and unexplained weight loss.  
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-321849–9.:10 2020;Gut, et al. Demb J



Appendix Table 11. RECORD Statement 

 

 Item 

No. 

STROBE items Location in 

manuscript 

where items 

are reported 

RECORD items Location in 

manuscript 

where items 

are reported 

Title and abstract  

 1 (a) Indicate the study’s 
design with a commonly 

used term in the title or 

the abstract (b) Provide in 

the abstract an 

informative and balanced 

summary of what was 

done and what was found 

p. 1-2 RECORD 1.1: The type of data 

used should be specified in the 

title or abstract. When possible, 

the name of the databases used 

should be included. 

 

RECORD 1.2: If applicable, 

the geographic region and 

timeframe within which the 

study took place should be 

reported in the title or abstract. 

 

RECORD 1.3: If linkage 

between databases was 

conducted for the study, this 

should be clearly stated in the 

title or abstract. 

Abstract 

(p.2): Design 

 

 

 

 

 

Abstract 

(p.2): Design 

 

 

 

 

 

Abstract 

(p.2): Design 

 

Introduction 

Background 

rationale 

2 Explain the scientific 

background and rationale 

for the investigation being 

reported 

p. 4-6   

Objectives 3 State specific objectives, 

including any prespecified 

hypotheses 

p. 4-6   

Methods 

Study Design 4 Present key elements of 

study design early in the 

paper 

p. 6-8   

Setting 5 Describe the setting, 

locations, and relevant 

dates, including periods of 

recruitment, exposure, 

follow-up, and data 

collection 

p. 6-8   

Participants 6 (a) Cohort study - Give 

the eligibility criteria, and 

the sources and methods 

of selection of 

participants. Describe 

methods of follow-up 

Case-control study - Give 

the eligibility criteria, and 

the sources and methods 

of case ascertainment and 

control selection. Give the 

rationale for the choice of 

cases and controls 

p. 6-8 

 

 

 

 

 

 

 

 

 

 

 

 

 

RECORD 6.1: The methods of 

study population selection 

(such as codes or algorithms 

used to identify subjects) 

should be listed in detail. If this 

is not possible, an explanation 

should be provided.  

 

RECORD 6.2: Any validation 

studies of the codes or 

algorithms used to select the 

population should be 

referenced. If validation was 

conducted for this study and 

p. 6-8 

 

 

 

 

 

 

 

N/A 
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Cross-sectional study - 

Give the eligibility 

criteria, and the sources 

and methods of selection 

of participants 

 

(b) Cohort study - For 

matched studies, give 

matching criteria and 

number of exposed and 

unexposed 

Case-control study - For 

matched studies, give 

matching criteria and the 

number of controls per 

case 

 

 

 

 

 

 

p.4-6 

not published elsewhere, 

detailed methods and results 

should be provided. 

 

RECORD 6.3: If the study 

involved linkage of databases, 

consider use of a flow diagram 

or other graphical display to 

demonstrate the data linkage 

process, including the number 

of individuals with linked data 

at each stage. 

 

 

 

 

p. 6 

Variables 7 Clearly define all 

outcomes, exposures, 

predictors, potential 

confounders, and effect 

modifiers. Give diagnostic 

criteria, if applicable. 

p. 7-8 RECORD 7.1: A complete list 

of codes and algorithms used to 

classify exposures, outcomes, 

confounders, and effect 

modifiers should be provided. 

If these cannot be reported, an 

explanation should be 

provided. 

p. 6-8 

Appendix 

Table 3 

Data sources/ 

measurement 

8 For each variable of 

interest, give sources of 

data and details of 

methods of assessment 

(measurement). 

Describe comparability of 

assessment methods if 

there is more than one 

group 

p. 6-8   

Bias 9 Describe any efforts to 

address potential sources 

of bias 

p. 6-9   

Study size 10 Explain how the study 

size was arrived at 

p. 6-8   

Quantitative 

variables 

11 Explain how quantitative 

variables were handled in 

the analyses. If applicable, 

describe which groupings 

were chosen, and why 

p. 6-8   

Statistical 

methods 

12 (a) Describe all statistical 

methods, including those 

used to control for 

confounding 

(b) Describe any methods 

used to examine 

subgroups and 

interactions 

(c) Explain how missing 

data were addressed 

(d) Cohort study - If 

applicable, explain how 

p. 8-10 

 

 

 

 

p. 8-9 

 

 

 

p. 9 

 

N/A 
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loss to follow-up was 

addressed 

Case-control study - If 

applicable, explain how 

matching of cases and 

controls was addressed 

Cross-sectional study - If 

applicable, describe 

analytical methods taking 

account of sampling 

strategy 

(e) Describe any 

sensitivity analyses 

 

 

 

 

 

 

 

 

 

 

 

p. 6-9 

Data access and 

cleaning 

methods 

 ..  RECORD 12.1: Authors should 

describe the extent to which the 

investigators had access to the 

database population used to 

create the study population. 

 

RECORD 12.2: Authors should 

provide information on the data 

cleaning methods used in the 

study. 

p. 10 

 

 

 

 

 

 

 

p. 9 

Linkage  ..  RECORD 12.3: State whether 

the study included person-

level, institutional-level, or 

other data linkage across two or 

more databases. The methods 

of linkage and methods of 

linkage quality evaluation 

should be provided. 

p. 6 

Results 

Participants 13 (a) Report the numbers of 

individuals at each stage 

of the study (e.g., 

numbers potentially 

eligible, examined for 

eligibility, confirmed 

eligible, included in the 

study, completing follow-

up, and analysed) 

(b) Give reasons for non-

participation at each stage. 

(c) Consider use of a flow 

diagram 

p. 10 RECORD 13.1: Describe in 

detail the selection of the 

persons included in the study 

(i.e., study population 

selection) including filtering 

based on data quality, data 

availability and linkage. The 

selection of included persons 

can be described in the text 

and/or by means of the study 

flow diagram. 

Appendix 

Figure 2 

Descriptive data 14 (a) Give characteristics of 

study participants (e.g., 

demographic, clinical, 

social) and information on 

exposures and potential 

confounders 

(b) Indicate the number of 

participants with missing 

data for each variable of 

interest 

p. 10, 15 Table 

2 

 

 

 

 

 

Table 2 
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(c) Cohort study - 

summarise follow-up time 

(e.g., average and total 

amount) 

p. 10, 15 

Outcome data 15 Cohort study - Report 

numbers of outcome 

events or summary 

measures over time 

Case-control study - 

Report numbers in each 

exposure category, or 

summary measures of 

exposure 

Cross-sectional study - 

Report numbers of 

outcome events or 

summary measures 

p. 10, 15   

Main results 16 (a) Give unadjusted 

estimates and, if 

applicable, confounder-

adjusted estimates and 

their precision (e.g., 95% 

confidence interval). 

Make clear which 

confounders were 

adjusted for and why they 

were included 

(b) Report category 

boundaries when 

continuous variables were 

categorized 

(c) If relevant, consider 

translating estimates of 

relative risk into absolute 

risk for a meaningful time 

period 

p. 8-10, Tables 

3-4 

 

 

 

 

 

 

 

 

N/A 

 

 

 

p. 10-18, Tables 

3-4 

  

Other analyses 17 Report other analyses 

done—e.g., analyses of 

subgroups and 

interactions, and 

sensitivity analyses 

p. 10-19, 

Appendix 

Tables 4-9 

  

Discussion 

Key results 18 Summarise key results 

with reference to study 

objectives 

p. 19-21   

Limitations 19 Discuss limitations of the 

study, taking into account 

sources of potential bias 

or imprecision. Discuss 

both direction and 

magnitude of any 

potential bias 

p. 21 RECORD 19.1: Discuss the 

implications of using data that 

were not created or collected to 

answer the specific research 

question(s). Include discussion 

of misclassification bias, 

unmeasured confounding, 

missing data, and changing 

eligibility over time, as they 

pertain to the study being 

reported. 

p. 21 
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Interpretation 20 Give a cautious overall 

interpretation of results 

considering objectives, 

limitations, multiplicity of 

analyses, results from 

similar studies, and other 

relevant evidence 

p. 19-21   

Generalisability 21 Discuss the 

generalisability (external 

validity) of the study 

results 

p. 19-21   

Other Information 

Funding 22 Give the source of 

funding and the role of the 

funders for the present 

study and, if applicable, 

for the original study on 

which the present article 

is based 

p. 23   

Accessibility of 

protocol, raw 

data, and 

programming 

code 

 ..  RECORD 22.1: Authors should 

provide information on how to 

access any supplemental 

information such as the study 

protocol, raw data, or 

programming code. 

p. 23 
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