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Background: It remains unclear whether constipation is associated with cancer. We eval-

uated the risk of malignancies in patients with constipation requiring hospitalization.

Methods: Using Danish medical registries, we calculated cumulative incidences and stan-

dardized incidence ratios (SIRs) for cancer. SIRs were computed as the observed number of

gastrointestinal (GI) cancers and selected non-GI cancers in patients with constipation

compared with the expected number based on national incidence rates by sex, age, and

calendar year (1978–2013).

Results: We identified 1,75,901 patients with constipation (59% females, median age 54

years). The cumulative incidences of GI cancers and non-GI cancers after 15 years of follow-

up were 2.5% and 2.6%, respectively. During the first year of follow-up, the SIR for any GI

cancer was 5.0 (95% confidence interval (CI): 4.8–5.3), driven by colon and pancreas

cancers and higher for younger age groups. Beyond 1 year of follow-up, the risk declined

to near unity for colorectal cancer. The risk of other GI cancers (including cancers of the

esophagus, stomach, small intestine, liver, and pancreas) remained moderately increased

(overall SIR =1.3, 95% CI: 1.2–1.4). Except for ovarian cancer (SIR =7.3, 95% CI:

6.3–8.4), the risk of non-GI cancers was only slightly increased during the first year of

follow-up and declined to unity thereafter.

Conclusions: Patients with constipation had increased short-term risk of a diagnosis of GI

cancer. Beyond 1 year of follow-up, a moderately elevated risk persisted only for GI cancers

other than colorectal cancer. The risk of non-GI cancers was elevated only during the

first year of follow-up, particularly for ovarian cancer.
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Introduction
Constipation is a common condition worldwide.1,2 Because many individuals do not

seek medical advice, its prevalence is not easily estimated.3 Available data suggest that

prevalence ranges from 2.5% to 79% in adults, depending on age, sex, and definition of

constipation and prevalence.2,4,5 Risk factors include low fiber diet, no physical activity,

irritable bowel syndrome, multiple sclerosis, Parkinson’s disease, Hirschsprung’s dis-

ease, endocrine diseases, and various medications such as opioids.5–9

Constipation may be associated with cancer through several mechanisms. First,

Burkitt et al hypothesized in 1971 that decreased gut motility may increase the long-

term risk of colorectal cancer because of increased transit time.10 This would cause

prolonged duration of contact between the colonic mucosa and carcinogens in the

stool. Second, increased attention has been given to the link between the human gut

microbiota and cancers in recent decades.11 It has been proposed that dysbiosis in the

microbiota is associated with inflammatory disorders and various cancers.12,13 In

addition, circulating toxic metabolites from the microbial cells are thought to
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disseminate to other locations in the body and thereby con-

tribute to cancer development, onset, or progression.14,15

Third, any association with constipation also may be due to

reverse causation, ie, gastrointestinal (GI) cancers may cause

constipation before the cancer manifests clinically. Finally,

constipation and certain cancers may be independent, but

convergent, diseases caused by common underlying risk

factors, with a longer latency period for clinically detectable

cancer.

Previous studies have focused mainly on the associa-

tion between constipation and colorectal cancer, with con-

flicting results.16–23 Only a few studies found an

association with other GI cancers, such as gall bladder

cancer,24,25 and non-GI cancers including ovarian cancer

and breast cancer.26,27 In general, these studies were lim-

ited by selection bias, recall bias, and self-reported infor-

mation on constipation.17–27

Therefore, we investigated the risk of a wide range of

GI cancers and selected non-GI cancers in a large cohort

of patients diagnosed with constipation, compared with

risks in the general population. In all analyses, we exam-

ined short-term cancer risk to focus on undetected preva-

lent occult cancers, and long-term risk to focus on incident

cancers, which may be associated with constipation

through shared risk factors.

Methods
Setting
We conducted a nationwide population-based cohort study

of patients with a hospital contact for constipation from

1 January 1978 to 30 November 2013. During this period,

the cumulative Danish population numbered 8.38 million

inhabitants. The Danish National Health Service provides

tax-supported health care for all Danish residents, with

free and equal access to general practitioners and to hos-

pital inpatient and outpatient care.

Data sources
At birth or upon immigration, all Danish residents are

assigned a unique personal identifier, the civil registration

number. This number is recorded in the Danish Civil

Registration System (CRS), which also contains informa-

tion on date of death and emigration from the country.

With daily electronic updates, the CRS allows virtually

complete follow-up of the Danish population.28,29 The

civil registration number permits individual-level linkage

among numerous Danish registries.28

Since 1977, the Danish National Patient Registry

(DNPR) has collected complete data on diagnoses and

procedures for all patients discharged from Danish non-

psychiatric hospitals. The data were coded according to

the International Classification of Diseases, Eighth

Revision (ICD-8) until 1993 and Tenth Revision (ICD-

10) thereafter. From 1995, data on hospital outpatient

visits have been included in the registry. Each hospital

discharge or outpatient visit is recorded with one primary

diagnosis and up to nineteen secondary diagnoses.30

The Danish Cancer Registry (DCR) has recorded infor-

mation on all cases of incident cancer since 1943.31

Cancers diagnosed before 2004 have been re-coded into

the ICD-10 format. Completeness of DCR data was high

throughout the study period, although mandatory reporting

to the DCR was first implemented in 1987.32

Study population and constipation

classification
We used the DNPR to identify patients with a first-time

hospital-based diagnosis of constipation from

1 January 1978 through 30 November 2013. We included

both primary and secondary diagnoses from first-time

inpatient, outpatient specialist clinic, and emergency

room hospital contacts for constipation. Patients with

a prior history of cancer (except non-melanoma skin can-

cer) were excluded (Table S1).

Cancer outcome
We included a wide range of GI cancers, including cancers

of the esophagus, stomach, small intestine, colon, rectum,

anal canal, liver, gall bladder and biliary tract, and pan-

creas. In addition, we included selected non-GI cancers

that may cause constipation before the cancer is diagnosed

or share risk factors with constipation. These included

hormone-related cancers (cancers of the breast, corpus

uteri, ovary, prostate, testes, and thyroid gland) and lym-

phomas (Hodgkin’s malignant lymphomas and non-

Hodgkin’s malignant lymphomas) (Table S1).

Statistical analyses
We computed cumulative incidences of cancers up to 15 years

following first-time hospital contact for constipation, account-

ing for death as a competing risk.33 Follow-up was initiated on

the first date that constipation was diagnosed and continued

until any predefined incident cancer outcome, death, emigra-

tion, 15 years of follow-up, or 30 November 2013.
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Any excess short-term cancer risk likely involves preva-

lent, but undiagnosed, cancers that cause constipation before

the cancer itself becomes clinically overt. Any excess long-

term risk likely represents incident cancers. Therefore, we

used two follow-up periods in our analyses (0–1 year of

follow-up and 2–15 years of follow-up). Based on national

incidence rates of cancers by age, sex, and year of cancer

diagnosis in 1-year intervals, we calculated the expected

number of incident cancers in patients with constipation,

assuming the same risk of cancer as in the general popula-

tion. The expected number of cancers was obtained by multi-

plying the number of person-years of observation by the

population-based cancer incidence rates.

The relative cancer risk in patients with constipation

was computed as the standardized incidence ratio (SIR),

ie, the ratio of the observed vs the expected number of

cancer cases. Associated 95% confidence intervals (CIs)

were derived using Byar’s approximation, assuming that

the observed number of cases in a specific category fol-

lowed a Poisson distribution. We used exact 95% CIs

when the observed number of cancers was less than ten.34

We stratified the analyses by inpatient admissions, out-

patient visits, and emergency room visits (from 1995

onwards) because inpatients are often acutely admitted to

hospital while outpatient visits are based on elective refer-

rals. Furthermore, we stratified the analyses by sex, age at

constipation diagnosis (0–17 years, 18–34 years, 35–49

years, 50–64 years, and ≥65 years), and calendar year of

constipation diagnosis (1978–1985, 1986–1993,

1994–2001, 2002–2009, and 2010–2013). Finally, we stra-

tified the analyses by comorbid diseases based on

a modified version of the Charlson Comorbidity Index

(excluding cancers from the Index) (Table S2).

To investigate the impact of lower endoscopy on risk

of colorectal cancer, we conducted a subanalysis stratified

by presence/absence of lower endoscopy (colonoscopy or

flexible sigmoidoscopy) during diagnostic work-up, eg,

from 3 months before to 4 weeks after the constipation

diagnosis. To avoid conditioning on the future, we initiated

follow-up four weeks after the constipation diagnosis. This

analysis was based on endoscopies identified from Nordic

Classification of Surgical Procedures codes (Table S1).

In a sensitivity analysis, we repeated the main analyses,

restricting to patients with primary and secondary diag-

noses of constipation. A primary diagnosis indicates that

constipation was the main reason for the hospital contact

and registration may, therefore, have higher accuracy. All

statistical analyses were performed using SAS version 9.4

(Cary, NC). The study was approved by the Danish Data

Protection Agency (record number 1-16-02-1-08). Studies

based on registry data in Denmark do not require informed

consent. The data, analytic methods, and study materials

will not be made available to other researchers for pur-

poses of reproducing our results or replicating our proce-

dures. Such disclosure would conflict with the regulations

for use of Danish health care data.

Results
We identified 175,901 patients registered with a hospital-

based diagnosis of constipation during the study period (med-

ian age 54 years, 59% female) (Table 1). Total person time at

risk was 1,111,441 person-years, with median follow-up time

of 4.8 years (interquartile range =1.7–11 years). The study

cohort consisted of 125,377 (71%) inpatients, 40,478 (23%)

outpatients, and 10,046 (6%) emergency room patients.

GI cancers
The cumulative incidence of GI cancers was 1.1% after

1 year of follow-up and 2.5% after 15 years of follow-up

(Figure 1). During the first year of follow-up, our analysis

yielded SIRs of 5.2 (95% CI: 4.9–5.5) for colorectal can-

cer and 4.8 (95% CI: 4.5–5.2) for GI cancers other than

colorectal cancer. Risk of colorectal cancer was driven

mainly by cancer in the colon (SIR =6.4, 95% CI:

6.0–6.8), whereas risk of GI cancers other than colorectal

cancer was driven mainly by smoking-/alcohol-related

cancers, including cancers of the pancreas (SIR =7.1,

95% CI: 6.3–7.9), stomach (SIR =3.6, 95% CI: 3.1–4.3),

and liver (SIR =4.2, 95% CI: 3.3–5.4) (Table 2).

During 2–15 years of follow-up, the SIR was 0.8 (95%

CI: 0.8–0.9) for colorectal cancer, driven by rectal cancer

(SIR =0.6, 95% CI: 0.5–0.6), and the SIR was 1.3 (95% CI:

1.2–1.4) for GI cancers other than colorectal cancer. Similar

to the first year of follow-up, the risk of GI cancers other than

colorectal cancer during 2–15 years of follow-up was driven

mainly by smoking-/alcohol-related cancers, including can-

cers of the stomach (SIR =1.2, 95% CI: 1.0–1.3), pancreas

(SIR =1.3, 95% CI: 1.1–1.5), and liver (SIR =1.7, 95% CI:

1.4–2.0) (Table 2). After stratifying by sex, age at constipa-

tion diagnosis, type of hospital contact, calendar period, and

level of comorbidity, 2–15-year risk of colorectal cancer and

other GI cancers remained consistent with the main results,

whereas we observed stronger associations for younger age

groups and more recent calendar periods during the first year

of follow-up (Table 3).
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In the analysis stratified by presence/absence of lower

endoscopy in the period 3 months prior to 4 weeks after

the constipation diagnosis, the SIR for colorectal cancer

during the first year of follow-up was 2.9 (95% CI:

2.4–3.5) in patients undergoing lower endoscopy and 2.7

(95% CI: 2.4–2.9) in patients who did not undergo this

procedure. During 2–15 years of follow-up, the corre-

sponding estimates were 0.7 (95% CI: 0.5–0.8) in patients

who underwent the procedure and 0.9 (95% CI: 0.8–0.9) in

patients who did not (Table 4).

Selected non-GI cancers
The cumulative incidence of selected non-GI cancers was

0.6% after 1 year of follow-up and 2.6% after 15 years of

follow-up (Figure 2). During the first year of follow-up, the

risk of ovarian cancer was most prominently increased (SIR

=7.3, 95%CI: 6.3–8.4). The SIR for hormone-related cancers

overall was 2.1 (95% CI: 2.0–2.3) during the first year of

follow-up and 1.0 (95% CI: 0.9–1.0) thereafter.

Corresponding estimates for lymphomas were 3.4 (95% CI:

3.0–3.9) and 1.1 (95% CI: 1.0–1.2) (Table 2). Short- and

long-term risk estimates of non-GI cancers were robust in

strata of sex, age at constipation diagnosis, type of hospital

contact, calendar period, and level of comorbidity (Table 3).

Sensitivity analysis
The sensitivity analysis comparing results for primary vs

secondary diagnoses of constipation yielded similar esti-

mates and agreed with the main results for 2–15 years of

follow-up. However, a slightly higher risk of GI cancers

was found within the first year of follow-up for primary

diagnosis compared with secondary diagnoses (Table 5).

Discussion
In this nationwide population-based cohort study, patients

with a hospital-based diagnosis of constipation had higher

risks of all GI cancers during the first year of follow-up, but

only of GI cancers other than colorectal cancer thereafter.

The increased short-term risk of colorectal cancer was driven

mainly by colon cancer, whereas the risk of GI cancer other

than colorectal cancer was driven primarily by cancer of the

pancreas. Apart from a substantially increased risk of ovarian

cancer, the risk of non-GI cancer was moderately increased

during the first year of follow-up and approximated unity

thereafter. The risk of cancer during the first year was higher

in younger age groups. This observation was presumably

attributed to very low absolute risk of cancer in younger

age groups with correspondingly higher impact of constipa-

tion on relative risk of cancer. In stratifications by

calendar year, we observed a tendency toward stronger asso-

ciations between constipation and cancer in later time peri-

ods, which may be related to more aggressive work up of

patients with constipation in more recent periods.

Our findings during the first year of follow-up could

result from reverse causation, ie, cancers may cause con-

stipation before the cancer itself becomes clinically overt.

Hence, constipation could be a marker of prevalent occult

cancers. This is consistent with the particularly increased

Table 1 Characteristics of patients with a first-time hospital-

based diagnosis of constipation in Denmark during 1978–2013

N (%)

Overall 175,901 (100)

Sex

Female 104,106 (59)

Male 71,795 (41)

Type of hospital contact

Inpatient 125,377 (71)

Outpatient 40,478 (23)

Emergency room visit 10,046 (6)

Calendar period of constipation diagnosis

1978–1985 22,136 (13)

1986–1993 21,505 (13)

1994–2001 34,393 (20)

2002–2009 57,144 (33)

2010–2013 40,723 (23)

Age at diagnosis of constipation (years)

0–17 49,531 (28)

18–34 16,971 (10)

35–49 16,002 (9)

50–64 21,313 (12)

65+ 72,084 (41)

Lower endoscopya 24,194 (13.8)

Surgery on the small intestine, colon, or anal

canalb
2,588 (1.5)

Modified Charlson Comorbidity Index scorec

Low 117,596 (67)

Moderate 45,305 (26)

Severe 13,000 (7)

Comorbidities

Diabetes mellitus 10,405 (6)

Parkinson’s disease or multiple sclerosis 3,202 (2)

Crohn’s disease or ulcerative colitis 5,692 (3)

Myxedema 1,371 (1)

Notes: aPerformed in the period from 3 months prior to 4 weeks following the

constipation diagnosis. bPerformed in the period from 3 months prior to 3 months

following the constipation diagnosis. cCategories of comorbidity were based on

modified Charlson Comorbidity Index scores: 0, low; 1–2, moderate; ≥3, severe.
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short-term risks of colon, pancreas, and ovarian cancers

observed in our study.

Unlike previous studies,17–27 we distinguished between

short- and long-term risks of cancer because underlying

mechanisms likely differ. Detection of prevalent occult can-

cers because of heightened diagnostic efforts likely drove the

short-term risk. Incident cancers sharing risk factors with

constipation likely underlie the long-term cancer risk.

Previous studies of the association between constipation

and GI cancers yielded inconsistent results. In their meta-

analysis of the association between constipation and color-

ectal cancer, Power et al35 found moderately reduced risk in

cross-sectional surveys and no association in cohort studies.

They reported an increased risk of cancer in case–control

studies (odds ratio =1.68, 95% CI: 1.29–2.18), which, how-

ever, are prone to recall bias. Generally, the included studies

varied greatly in terms of demographics, definition of con-

stipation, methods, and follow-up time. The maximum fol-

low-up time was 12 years in Dukas et al’s cohort study

published in 2000.20 Their study found no association

between constipation and colorectal cancer (relative risk

=0.94, 95% CI: 0.69–1.28). It was based on 84,577 nurses

but is likely generalizable to the general population. Most of

the studies included in Power et al’s meta-analysis relied on

self-reported constipation. Only one study used hospital-

based diagnoses to identify patients;16 this case-cohort

study was based on data from a US claims database and

included 28,854 patients with chronic constipation and

86,562 patients without constipation matched by age, gen-

der, and region of residence. The study yielded an adjusted

incidence rate ratio of 1.59 (95% CI: 1.43–1.78) for color-

ectal cancer during 11 years of follow-up.16

Power et al35 suggested that constipation alone did not

warrant lower GI diagnostic examinations, unless other

findings were present such as dark red rectal bleeding or

an abdominal mass, which are classical alarm symptoms

of GI cancer.36 This conclusion was later reiterated by

Neis et al.37 Subsequent studies also concluded that the

indication for a lower endoscopy should not be based

exclusively on a diagnosis of constipation.35,37,38

Several putative mechanisms may underlie the associa-

tions observed in our study. Decreased gut motility and

associated increased transit time in patients with constipation

is thought by some to increase risk of colorectal cancer due to

prolonged duration of contact between the colonic mucosa

and carcinogens in the stool.10 We found that constipation

was associated with a significant but only slightly higher rate

of some cancers outside the GI tract, as well as with GI

cancers other than colorectal cancers. This could be

explained by microbiota, which may contribute to cancer
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Figure 1 Cumulative incidence of gastrointestinal cancers in patients with a hospital-based diagnosis of constipation.a

Notes:aIncluding patients with a first-time hospital-based diagnosis of constipation in Denmark during 1978–2013, accounting for death as a competing risk.

Abbreviation: CI, confidence interval.
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development or progression both in local and in distant

locations. This mechanism includes activation and modula-

tion of the immune system and damage to host DNA.14,15,39

The association between constipation and long-term

risk of cancer may arise from shared risk factors that

cause constipation long before clinically detectable cancer.

This mechanism in part may drive the moderate, but con-

sistently increased, long-term risk of GI cancers other than

colorectal cancer. Such risk factors could include smoking

or excessive alcohol intake, which may explain our finding

of increased long-term risk of smoking- and alcohol-

related cancers, including cancers of the stomach, pan-

creas, and liver.

The strengths of our study include the population-

based cohort design and a setting within the unified

Danish health care system, which provides all residents

with free and equal access. This minimizes the risk of

selection bias stemming from selective inclusion of speci-

fic hospitals, health insurance systems, or patients with

differing income levels. In addition, our study was based

on prospectively gathered data, eliminating recall bias.

Although mandatory reporting to the DCR was first imple-

mented in 1987, cancer diagnoses have high accuracy and

completeness in the DCR, with 89% of the tumors verified

morphologically.40 Use of administrative registries

allowed us to include all patients diagnosed with

constipation.

A concern is that no previous study has validated the

constipation diagnosis in the DNPR. However, we expect

that this diagnosis has a high positive predictive value since

hospital contact for constipation requires a referral from

a primary care physician and because restricting to primary

diagnoses of constipation did not change the results. Any

misclassification of the constipation diagnosis would likely

be non-differential and bias our results towards the null. The

completeness of the constipation registration may be ham-

pered by registration of outpatient visits only from 1995

onwards. Another potential limitation is that primary care

physicians may be more likely to refer individuals with

constipation to the hospital if they suspect constipation is

Table 2 Standardized incidence ratios for selected cancers in patients with a first-time hospital-based diagnosis of constipation in

Denmark, 1978–2013

0–1 year after constipation diagnosis 2–15 years after constipation diagnosis

Cancer site O E SIR (95% CI) O E SIR (95% CI)

Gastrointestinal cancers 1851 367.2 5.0 (4.8–5.3) 1658 1641.2 1.0 (1.0–1.1)

Colorectal cancers 1172 227.0 5.2 (4.9–5.5) 855 1022.6 0.8 (0.8–0.9)

Colon (incl. rectosigmoid cancers) 987 154.5 6.4 (6.0–6.8) 679 700.1 1.0 (0.9–1.1)

Rectum 185 72.6 2.6 (2.2–3.0) 176 322.5 0.6 (0.5–0.6)

Other gastrointestinal cancers 679 140.2 4.8 (4.5–5.2) 803 618.6 1.3 (1.2–1.4)

Esophagus 44 18.2 2.4 (1.8–3.3) 99 83.2 1.2 (1.0–1.5)

Stomach 138 38.0 3.6 (3.1–4.3) 179 155.2 1.2 (1.0–1.3)

Small intestine 38 3.7 10.2 (7.2–14) 36 17.5 2.1 (1.4–2.9)

Anal canal 9 4.0 2.3 (1.0–4.3) 29 20.7 1.4 (0.9–2.0)

Liver 64 15.2 4.2 (3.3–5.4) 115 68.0 1.7 (1.4–2.0)

Gall bladder and biliary tract 43 13.1 3.3 (2.4–4.4) 67 57.7 1.2 (0.9–1.5)

Pancreas 328 46.4 7.1 (6.3–7.9) 271 210.0 1.3 (1.1–1.5)

Other, poorly specified 15 1.6 9.7 (5.4–16) 7 6.4 1.1 (0.4–2.2)

Non-gastrointestinal cancers

Hormone-related cancers 859 404.4 2.1 (2.0–2.3) 1919 1999.3 1.0 (0.9–1.0)

Breast 192 172.4 1.1 (1.0–1.3) 972 952.6 1.0 (1.0–1.1)

Corpus uteri 48 33.5 1.4 (1.1–1.9) 137 175.5 0.8 (0.7–0.9)

Ovary 186 25.5 7.3 (6.3–8.4) 104 133.9 0.8 (0.6–0.9)

Prostate 420 164.6 2.6 (2.3–2.8) 646 685.7 0.9 (0.9–1.0)

Testes 5 2.8 1.8 (0.6–4.1) 19 20.1 1.0 (0.6–1.5)

Thyroid 8 5.5 1.5 (0.6–2.9) 41 31.6 1.3 (0.9–1.8)

Lymphomas 203 59.3 3.4 (3.0–3.9) 321 289.3 1.1 (1.0–1.2)

Hodgkin’s malignant lymphoma 9 3.2 2.8 (1.3–5.3) 23 21.0 1.1 (0.7–1.7)

Non-Hodgkin’s malignant lymphoma 194 56.1 3.5 (3.0–4.0) 298 268.4 1.1 (1.0–1.2)

Abbreviations: CI, confidence interval; E, expected number of cases; O, observed number of cases; SIR, standardized incidence ratio.
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Table 3 Standardized incidence ratios for selected cancers in patients with a first-time hospital-based diagnosis of constipation, by sex,

age group, calendar year, type of hospital contact, and comorbidity level, Denmark, 1978–2013

Gastrointestinal
cancers

Colorectal
cancers

Other gastrointest-
inal cancersa

Hormone-
related cancers

Lymphomas

0–1 years after constipation diagnosis

Total 5.0 (4.8–5.3) 5.2 (4.9–5.5) 4.8 (4.5–5.2) 2.1 (2.0–2.3) 3.4 (3.0–3.9)

Sex

Female 5.1 (4.7–5.4) 5.2 (4.8–5.7) 4.8 (4.3–5.3) 1.8 (1.7–2.0) 2.6 (2.0–3.2)

Male 5.0 (4.7–5.4) 5.1 (4.7–5.5) 4.9 (4.4–5.5) 2.5 (2.3–2.8) 4.3 (3.6–5.1)

Age group at constipation

diagnosis (years)

0–17 13.6 (2.8–39.8) – 15.9 (3.3–46.3) 8.7 (1.2–31.6) 14.8 (6.8–28.2)

18–34 28.8 (14.9–50.3) 34.4

(15.7–65.3)

19.4 (4.0–56.7) 2.8 (1.2–5.6) 3.4 (0.7–10.0)

35–49 12.2 (9.0–16.1) 13.1 (8.8–18.6) 11.0 (6.6–17.2) 1.7 (1.1–2.4) 7.8 (4.2–13.4)

50–64 9.9 (8.8–11.0) 10.0 (8.6–11.6) 9.7 (8.1–11.5) 1.9 (1.6–2.3) 5.3 (3.7–7.3)

≥65 4.5 (4.2–4.7) 4.6 (4.3–4.9) 4.2 (3.9–4.6) 2.2 (2.0–2.3) 2.9 (2.4–3.4)

Calendar year of constipation

diagnosis

1978–1985 3.5 (3.1–4.1) 2.8 (2.3–3.4) 4.5 (3.7–5.4) 1.8 (1.4–2.2) 2.9 (1.8–4.5)

1986–1993 3.4 (2.9–3.9) 3.6 (3.0–4.3) 3.1 (2.4–3.9) 1.9 (1.5–2.3) 2.8 (1.7–4.2)

1994–2001 4.6 (4.1–5.1) 4.9 (4.2–5.5) 4.1 (3.4–5.0) 2.3 (2.0–2.7) 3.0 (2.1–4.2)

2002–2009 6.0 (5.6–6.5) 6.2 (5.6–6.7) 5.8 (5.1–6.6) 2.2 (2.0–2.5) 3.8 (3.0–4.7)

2010–2013 6.6 (5.9–7.2) 6.9 (6.1–7.8) 6.0 (5.0–7.0) 2.1 (1.8–2.5) 3.9 (2.9–5.1)

Type of hospital contact

Inpatient 5.0 (4.8–5.3) 5.1 (4.8–5.5) 4.8 (4.4–5.3) 2.1 (2.0–2.3) 3.5 (3.0–4.1)

Outpatient clinic 3.7 (3.2–4.2) 3.5 (2.9–4.2) 4.0 (3.2–5.0) 1.8 (1.5–2.1) 2.6 (1.7–3.7)

Emergency room 9.5 (8.2–11.0) 10.8 (9.0–12.8) 7.4 (5.5–9.7) 3.1 (2.4–3.9) 5.1 (3.0–8.2)

Modified Charlson

Comorbidity Index scoreb

Low (0) 6.3 (5.9–6.7) 6.8 (6.3–7.4) 5.5 (4.9–6.1) 2.5 (2.3–2.7) 4.3 (3.5–5.1)

Moderate (1–2) 4.2 (3.9–4.5) 4.0 (3.6–4.4) 4.6 (4.1–5.2) 1.9 (1.7–2.1) 2.6 (2.0–3.4)

High (3+) 3.3 (2.8–3.8) 3.2 (2.6–4.0) 3.3 (2.5–4.3) 1.6 (1.2–1.9) 2.9 (1.9–4.4)

2–15 years after constipation diagnosis

Total 1.0 (1.0–1.1) 0.8 (0.8–0.9) 1.3 (1.2–1.4) 1.0 (0.9–1.0) 1.1 (1.0–1.2)

Sex

Female 1.0 (1.0–1.1) 0.8 (0.8–0.9) 1.3 (1.2–1.5) 1.0 (0.9–1.0) 1.1 (1.0–1.3)

Male 1.0 (0.9–1.1) 0.8 (0.8–0.9) 1.3 (1.1–1.4) 1.0 (0.9–1.0) 1.1 (0.9–1.3)

Age group at constipation

diagnosis (years)

0–17 – – – 1.0 (0.9–1.9) 0.9 (0.4–1.7)

18–34 1.7 (1.0–2.8) 1.3 (0.6–2.6) 2.3 (1.1–4.2) 0.8 (0.6–1.0) 1.6 (0.9–2.6)

35–49 1.5 (1.2–1.8) 0.8 (0.6–1.2) 2.4 (1.8–3.0) 0.9 (0.8–1.1) 1.6 (1.1–2.3)

50–64 1.1 (1.0–1.2) 0.9 (0.8–1.1) 1.4 (1.2–1.6) 1.0 (0.9–1.1) 1.2 (0.9–1.5)

≥65 1.0 (0.9–1.0) 0.8 (0.8–0.9) 1.2 (1.1–1.3) 1.0 (0.9–1.0) 1.0 (0.9–1.2)

(Continued)
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related to cancer. This could partly explain the association

with cancer.

Only a minority of people with constipation seeks

medical care. They likely represent the most severe cases

of constipation. This implies high positive predictive value

of the diagnosis, but also that our results may not be

generalizable to milder cases of constipation.

Furthermore, the date that constipation is diagnosed may

occur several years after constipation onset, suggesting

that our short-term estimates may include some cases of

long-term exposure to constipation.

Conclusion
Patients with a diagnosis of constipation had elevated risks

of colorectal and other GI cancers during the first year of

follow-up, especially colon and pancreas cancers.

Thereafter, the risk remained increased only for GI cancers

other than colorectal cancer. The risk of non-GI cancers

was moderately increased only in the short term, espe-

cially for ovarian cancer. After the first year of follow-

up, the risk of these cancers was comparable to those in

the general population. The potential to herald a clinically

silent, but preexisting, cancer merits increased attention to

symptoms or signs pointing to a potential cancer when

patients present with constipation, especially when no

obvious provoking factors are present and when other

alarm symptoms are present (eg, dark red rectal bleeding

or an abdominal mass). It remains unknown whether

patients with constipation may accrue prognostic benefit

from a formal screening program to detect cancers at an

Table 3 (Continued).

Gastrointestinal
cancers

Colorectal
cancers

Other gastrointest-
inal cancersa

Hormone-
related cancers

Lymphomas

Calendar year of constipation

diagnosis

1978–1985 1.1 (0.9–1.2) 1.0 (0.8–1.1) 1.2 (1.0–1.4) 1.0 (0.9–1.1) 1.2 (0.9–1.5)

1986–1993 1.1 (1.0–1.2) 0.9 (0.7–1.0) 1.4 (1.2–1.6) 0.9 (0.8–1.0) 1.1 (0.8–1.5)

1994–2001 0.9 (0.8–1.0) 0.7 (0.6–0.8) 1.3 (1.1–1.4) 1.0 (1.0–1.1) 1.2 (1.0–1.4)

2002–2009 1.0 (0.9–1.1) 0.8 (0.7–0.9) 1.4 (1.2–1.6) 0.9 (0.9–1.0) 1.0 (0.8–1.2)

2010–2013 1.1 (0.8–1.3) 1.0 (0.7–1.3) 1.2 (0.8–1.7) 1.0 (0.8–1.2) 1.1 (0.6–1.9)

Type of hospital contact

Inpatient 1.0 (1.0–1.1) 0.9 (0.8–0.9) 1.3 (1.2–1.4) 1.0 (0.9–1.0) 1.2 (1.0–1.3)

Outpatient clinic 0.9 (0.7–1.0) 0.7 (0.6–0.8) 1.2 (0.9–1.4) 1.0 (0.9–1.1) 1.0 (0.7–1.3)

Emergency room 1.1 (0.9–1.3) 0.8 (0.6–1.0) 1.5 (1.2–2.0) 0.9 (0.7–1.1) 0.8 (0.4–1.3)

Modified Charlson

Comorbidity Index scoreb

Low (0) 1.0 (0.9–1.1) 0.8 (0.8–0.9) 1.3 (1.2–1.4) 1.0 (0.9–1.0) 1.1 (1.0–1.3)

Moderate (1–2) 1.0 (0.9–1.1) 0.8 (0.7–0.9) 1.3 (1.1–1.5) 1.0 (0.9–1.1) 1.2 (0.9–1.4)

High (3+) 1.2 (1.0–1.4) 0.9 (0.7–1.1) 1.7 (1.3–2.1) 0.8 (0.7–1.0) 1.0 (0.6–1.6)

Notes: Insufficient for estimation, due to less than 5 observed cancer cases. aIncluding cancers of the esophagus, stomach, small intestine, anal canal, liver, gall bladder and

biliary tract, pancreas, and other poorly specified gastrointestinal cancers. bComorbidities are specified in Table S2.

Table 4 Standardized incidence ratios for colorectal cancers in patients with a first-time hospital-based diagnosis of constipation, by

presence/absence of a lower endoscopy performed in the period from 3 months prior to 4 weeks following the constipation diagnosis,

Denmark, 1978–2013

Colorectal cancers diagnosed ≥4 weeks –

1 year from constipation diagnosisa
Colorectal cancers diagnosed ≥1 year
from constipation diagnosis

O E SIR (95% CI) O E SIR (95% CI)

Endoscopy (N=24,194) 112 38.8 2.9 (2.4–3.5) 121 185.3 0.7 (0.5–0.8)

No Endoscopy (N=144,751) 451 168.0 2.7 (2.4–2.9) 734 837.3 0.9 (0.8–0.9)

Note: aFollow-up was initiated 4 weeks after the constipation diagnosis because the analysis was conditioned on lower endoscopy up until 4 weeks after the constipation

diagnosis.

Abbreviations: CI, confidence interval; E, expected number of cases; O, observed number of cases; SIR, standardized incidence ratio.
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earlier stage. However, based on our findings, opportunis-

tic screening focused on cancer-related symptoms and

signs during diagnostic workup for constipation seems

prudent.
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Table 5 Standardized incidence ratios for cancer in patients with constipation by type of hospital diagnosis, Denmark, 1978–2013

Cancers diagnosed 0–1 year after con-
stipation diagnosis

Cancers diagnosed 2–15 years after con-
stipation diagnosis

O E SIR (95% CI) O E SIR (95% CI)

Primary diagnosis

Gastrointestinal cancers 1401 249.2 5.6 (5.3–5.9) 1205 1184.8 1.0 (1.0–1.1)

Colorectal cancers 903 153.9 5.9 (5.5–6.3) 610 738.5 0.8 (0.8–0.9)

Other gastrointestinal cancers 498 95.2 5.2 (4.8–5.7) 595 446.3 1.3 (1.2–1.4)

Hormone-related cancers 602 282.6 2.1 (2.0–2.3) 1440 1487.6 1.0 (0.9–1.0)

Lymphoma 130 41.1 3.2 (2.7–3.8) 233 213.3 1.1 (1.0–1.2)

Secondary diagnosis

Gastrointestinal cancers 581 150.5 3.9 (3.6–4.2) 574 570.4 1.0 (0.9–1.1)

Colorectal cancers 346 93.4 3.7 (3.3–4.1) 311 355.6 0.9 (0.8–1.0)

Other gastrointestinal cancers 235 57.1 4.1 (3.6–4.7) 263 214.8 1.2 (1.1–1.4)

Hormone-related cancers 332 158.0 2.1 (1.9–2.3) 598 651.0 0.9 (0.9–1.0)

Lymphoma 84 23.5 3.6 (2.9–4.4) 110 95.9 1.2 (0.9–1.4)

Abbreviations: CI, confidence interval; E, expected number of cases; O, observed number of cases; SIR, standardized incidence ratio.
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Figure 2 Cumulative incidence of selected non-gastrointestinal cancers in patients with a hospital-based diagnosis of constipation.a

Notes: aSelected non-gastrointestinal cancers included hormone-related cancers and lymphoma in patients with a first-time hospital-based diagnosis of constipation in

Denmark, 1978–2013, accounting for death as a competing risk.

Abbreviation: CI, confidence interval.
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Supplementary materials

Table S1 Diagnosis and procedure codes used in the study

ICD-8 ICD-10 Procedure
codes
(1978–1995)

Procedure
codes
(1996–2013)

Surgery
codes

Constipation 564.00, 564.09 DK590

Cancers

Gastrointestinal cancers DC15–26 (expect mor-

phology codes 809,879)

Colorectal cancers DC18–20

Other gastrointestinal cancers DC15–17, DC21–26

(expect morphology codes

809,879)

Hormone-related cancers DC50, DC54–56, DC61–

62, DC73,

Lymphoma DC81–85, DC90

Lower endoscopy 91070, 91080 KUJF32- KUJF35

KUJF42–45,

KJFA15 –

KJGA05

Surgery on the small intestine, colon, or

anal canal

KJG, KJF

Inflammatory bowel disease (Crohn’s

disease and ulcerative colitis and paraly-

tic ileus)

563.19, 560.19,

563.01

K50, K51, K56

Diabetes 24900-25009,

25390, 27380

E10, E11, H36.0

Multiple sclerosis, Parkinson’s disease 340.00–340.09,

342.99, 34809

G20, G35

Myxedema 243.99–244.09 E03
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Table S2 Codes for conditions included in the modified Charlson Comorbidity Index

Comorbidities Weight ICD-8 ICD-10

Myocardial infarction 1 410 I21; I22; I23

Congestive heart failure 427.09; 427.10; 427.11; 427.19; 428.99; 782.49 I50; I11.0; I13.0; I13.2

Peripheral vascular disease 440; 441; 442; 443; 444; 445 I70; I71; I72; I73; I74; I77

Cerebrovascular disease 430–438 I60-I69; G45; G46

Dementia 290.09-290.19; 293.09 F00-F03; F05.1; G30

Chronic pulmonary disease 490–493; 515-518 J40-J47; J60-J67; J68.4; J70.1;

J70.3; J84.1; J92.0; J96.1; J98.2; J98.3

Connective tissue disease 712; 716; 734; 446; 135.99 M05; M06; M08; M09; M30; M31;

M32; M33; M34; M35; M36; D86

Ulcer disease 530.91; 530.98; 531–534 K22.1; K25–K28

Mild liver disease 571; 573.01; 573.04 B18; K70.0–K70.3; K70.9; K71; K73; K74;

K76.0

Diabetes without end-organ

damage

249.00, 249.06, 249.07, 249.09, 250.00, 250.06,

250.07, 250.09

E10.0, E10.1, E10.9, E11.0, E11.1, E11.9

Diabetes with end-organ

damage

2 249.01-249.05, 249.08, 250.01-250.05, 250.08 E10.2- E10.8, E11.2-E11.8

Hemiplegia 344 G81; G82

Moderate to severe renal

disease

403; 404; 580–583; 584; 590.09; 593.19; 753.10–-

753.19; 792

I12; I13; N00–N05; N07; N11; N14; N17–

N19; Q61

Moderate to severe liver

disease

3 070.00; 070.02; 070.04; 070.06; 070.08; 573.00;

456.00-456.09

B15.0; B16.0; B16.2; B19.0; K70.4; K72;

K76.6; I85

AIDS 6 079.83 B21–B24
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