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HIGHLIGHTS

® Constipation and laxative use associate with higher risk of mortality.
® They also associate with higher incidence of coronary heart disease and stroke.
® Findings are robust to various sensitivity analyses.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: Constipation is one of the most frequent symptoms encountered in daily clinical practice

Constipation and is implicated in the development of atherosclerosis, potentially through altered gut microbiota. However,

Laxatives little is known about its association with incident cardiovascular events.

Mortality ) Methods: In a nationally representative cohort of 3,359,653 US veterans with an estimated glomerular filtration

S;E;:ry heart disease rate (eGFR) =60 mL/min/1.73 m? between October 1, 2004 and September 30, 2006 (baseline period), with
follow-up through 2013, we examined the association of constipation status (absence or presence; defined using
diagnostic codes and laxative use) and laxative use (none, one, or = 2 types of laxatives) with all-cause mortality,
incident coronary heart disease (CHD), and incident ischemic stroke.
Results: Among 3,359,653 patients, 237,855 (7.1%) were identified as having constipation. After multivariable
adjustments for demographics, prevalent comorbidities, medications, and socioeconomic status, patients with
(versus without) constipation had 12% higher all-cause mortality (hazard ratio [HR], 1.12; 95% CI, 1.11-1.13),
11% higher incidence of CHD (HR, 1.11; 95% CI, 1.08-1.14), and 19% higher incidence of ischemic stroke (HR,
1.19; 95% CI, 1.15-1.22). Patients with one and =2 (versus none) types of laxatives experienced a similarly
higher risk of all-cause mortality (HRs [95% CI], 1.15 [1.13-1.16] and 1.14 [1.12-1.15], respectively), incident
CHD (HRs [95% CI], 1.11 [1.07-1.15] and 1.10 [1.05-1.15], respectively) and incident ischemic stroke (HRs
[95% CI], 1.19 [1.14-1.23] and 1.21 [1.16-1.26], respectively).
Conclusions: Constipation status and laxative use are independently associated with higher risk of all-cause
mortality and incident CHD and ischemic stroke.

1. Introduction commonly encountered in primary care settings, affecting approxi-
mately 30% of the general population during their lifetime [1]. Al-
Constipation is one of the most prevalent gastrointestinal disorders though constipation is usually perceived as a benign, often self-limited
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condition [2], its chronic symptoms impair patients’ quality-of-life and
may impose a considerable social and economic burden [3,4]. In recent
years, a few observational studies have investigated the association
between chronic constipation and future clinical outcomes such as
mortality and cardiovascular events and offered seemingly conflicting
evidence; some suggesting an independent association of chronic con-
stipation with increased risk of cardiovascular mortality [5-7], while
one other showing no association with all-cause and cardiovascular
mortality [8]. To the best of our knowledge, only two previous studies
have examined the association of constipation with incident non-fatal
cardiovascular events such as myocardial infarction and stroke [5,8],
but did not confirm the statistical significance of the association, partly
due to low number of outcome events [5]; and hence, it remains un-
known whether constipation is associated with increased risk of in-
cident cardiovascular events.

In this study, we hypothesized that patients with constipation are at
higher risk of all-cause mortality and incident cardiovascular events,
and that patients with more extensive laxative use would have a greater
risk of such events than those with less severe constipation, in-
dependently of known cardiovascular risk factors. To test these hy-
potheses, we investigated the association of constipation status and
laxative use with all-cause mortality, incident coronary heart disease
(CHD) and incident ischemic stroke using a large nationally re-
presentative cohort of US veterans with estimated glomerular filtration
rate (eGFR) of =60 mL/min/1.73m>

2. Materials and methods
2.1. Cohort definition

We used data from a retrospective cohort study examining risk
factors in patients with incident chronic kidney disease (CKD) (Racial
and Cardiovascular Risk Anomalies in CKD [RCAV] study) [9].
Supplemental Fig. 1 shows the algorithm for cohort definition. We used
all serum creatinine measurements obtained in clinical settings in all US
Department of Veteran Affairs (VA) health care facilities between Oc-
tober 1, 2004 and September 30, 2006 (baseline period) from the na-
tional VA Corporate Data Warehouse LabChem data files [10]. Overall,
4,447,691 veterans had at least 1 available serum creatinine measure-
ment, representing ~94% of all veterans who received VA health care
during this time period [11]. The RCAV cohort included 3,582,478
patients with baseline eGFR =60 mL/min/1.73m? eGFR was calcu-
lated using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) creatinine equation [12]. After exclusion of patients with
missing International Classification of Diseases, Ninth Revision Clinical
Modification (ICD-9-CM) codes (n=11,311) or with death
(n = 126,405) or last encounter (n = 85,109) before October 1, 2006,
3,359,653 patients were included in our final cohort.

2.2. Data collection

2.2.1. Predictors and covariates

Constipation was defined as either having =2 prescriptions of
laxatives of =30-day supply each, that were 60-365 days apart during
the baseline period based on information obtained from VA Pharmacy
dispensation records (Supplemental Table 1) [13]; or having at least 2
diagnoses for constipation, as identified by the ICD-9-CM
(Supplemental Table 2), that were > 60 days apart. Among the
3,359,653 patients, 237,855 (7.1%) were identified as having con-
stipation. Laxative use was also quantitatively defined according to the
number of different types of laxatives prescribed during the baseline
period, and stratified into three groups as follows; none (neither laxa-
tive use nor diagnosis of constipation; n = 3,121,798, 92.9%), one type
of laxative (n = 128,640, 3.8%), or =2 types of laxatives (n = 83,848,
2.5%). Patients with diagnosis of constipation but with no laxative use
(n = 25,367, 0.8%) were excluded from analyses that examined the
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associations of laxative use with outcomes.

Sociodemographic characteristics, comorbid conditions, laboratory
characteristics, and medication use were obtained as previously de-
scribed [14-16]. Briefly, data on patients’ age, sex, race, marital status
(married, single, divorced or widowed), mean per capita income, ser-
vice connectedness, body mass index, systolic and diastolic blood
pressures, comorbid conditions, and medication use was obtained from
various national VA research data files [17]. Prevalent comorbidities
were defined as the presence of relevant ICD-9-CM and Current Proce-
dural Terminology codes recorded from October 1, 2004, to September
30, 2006 (Supplemental Table 2) [14,15]. Prevalent CHD was defined
as the presence of diagnostic codes for coronary artery disease, angina,
or myocardial infarction or procedure codes for percutaneous coronary
interventions or coronary artery bypass grafting. Bowel disorders were
defined as the presence of diagnostic codes for inflammatory bowel
disease, irritable bowel syndrome, or diarrhea. We also included select
socioeconomic indicators using 2004 county typology codes (housing
stress, low education, low employment, and persistent poverty;
Supplemental Table 3), in addition to the information derived from VA
sources. Information about smoking status was not available in our
cohort.

2.2.2. Outcomes

The co-primary outcomes of interest were all-cause mortality, in-
cident CHD, and incident ischemic stroke. All-cause mortality was as-
certained by the VA Vital Status Files, which contain dates of death
until July 26, 2013 from all available sources in the VA system with
sensitivity and specificity of 98.3% and 99.8%, respectively, as com-
pared with the US National Death Index as gold standard [18]. Incident
CHD was defined as the composite of a first occurrence of an acute
myocardial infarction, coronary artery bypass grafting, or percutaneous
coronary intervention; incident ischemic stroke was defined as the first
occurrence of an ischemic stroke after October 1, 2006 in patients
without such diagnoses (i.e., prevalent cases) prior to this date
(Supplemental Table 2).

2.3. Statistical analysis

Data are presented as number (percent) for categorical variables
and mean * SD for continuous variables with a normal distribution or
median (IQR) for those with a skewed distribution. The start of follow-
up was October 1, 2006 to avoid immortal time bias, and patients were
followed up until death or were censored at the date of the last VA
encounter, or on July 26, 2013. The associations of constipation status
and laxative use with outcomes were assessed with the Kaplan-Meier
method and log-rank tests, and using Cox proportional hazards models.
The proportionality assumption was tested by plotting log [-log (sur-
vival rate)] against log (survival time) and by scaled Schoenfeld re-
siduals, which showed no violations. All associations were examined in
unadjusted and multivariable adjusted models. Models were in-
crementally adjusted for the following confounders based on theoretical
considerations: model 1, age-adjusted; model 2, age plus sex, race, and
baseline eGFR; model 3, model 2 variables plus prevalent comorbidities
(diabetes mellitus, hypertension, CHD, congestive heart failure, cere-
brovascular disease, peripheral vascular disease, peptic ulcer disease,
rheumatic disease, malignancy, dementia, Parkinson's disease, depres-
sion, liver disease, chronic lung disease, HIV/AIDS, and bowel dis-
orders) and Deyo-modified Charlson comorbidity index [19]; model 4,
model 3 variables plus baseline body mass index, systolic and diastolic
blood pressure, and total cholesterol; and model 5, model 4 variables
plus socioeconomic parameters (mean per capita income, marital
status, service connectedness, housing stress, low education, low em-
ployment, and persistent poverty), indicators of sickness (number of VA
healthcare encounters and cumulative length of hospitalization) and
quality of care (receipt of influenza vaccination[s]), each patient's VA
healthcare region, and use of angiotensin-converting enzyme inhibitors,
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or angiotensin II receptor blockers, calcium channel blockers, diuretics,
statins, antidepressants, non-opioid analgesics, opioids, antihistamines,
anticholinergics, antiarrhythmics, anticoagulants, antipsychotics, anti-
Parkinson drugs, antacids, anticonvulsants, alkylating agents, and oral
iron supplements at baseline.

We additionally performed several sensitivity analyses. The asso-
ciations of constipation status with all outcomes were examined in
subgroups divided by baseline age, sex, race, prevalent diabetes mel-
litus, hypertension, CHD, congestive heart failure, opioid use with or
without malignancy, eGFR, and income level. Analyses were repeated
in a propensity score-matched cohort to account for potential differ-
ences arising from dissimilarities in clinical and demographic char-
acteristics between patients with and without constipation. Propensity
scores for the likelihood of presence versus absence of constipation were
calculated by logistic regression using all variables included in multi-
variable models. We then matched patients with constipation to com-
parable patients without constipation using a 1:1 nearest-neighbor
matching without replacement. As death and incident CHD/stroke can
be competing events, competing risk regressions were also performed
using fully adjusted models in the overall cohort, as well as in the
propensity-matched cohort. The main analysis was repeated after ex-
cluding patients who had outcomes within 12 months after the start of
follow-up to reduce the potential for reverse causation. We also re-
peated our main analysis using a more stringent definition of con-
stipation (i.e., either having =80% of days covered by any types of
laxatives during the baseline period; or having at least 2 diagnoses for
constipation that were > 60 days apart). Furthermore, to provide in-
ferences about the severity of constipation, we regarded patients with
diagnosis of constipation but with no laxative use (n = 25,367, 0.8%) as
those having less severe constipation, and added them to the laxative
use category. Subsequently, we repeated the main analysis using the
new category of constipation (i.e., none, less severe constipation, one,
or =2 types of laxatives). Of the variables included in multivariable
adjusted models, data points were missing for race (9.4%), body mass
index (4.0%), blood pressure (1.2%), total cholesterol (22.3%), per
capita income (6.6%), marital status (4.3%), and socioeconomic in-
dicators (4.0%). Of the 3,359,653 patients, 2,042,057 (60.8%) had
complete data available for the fully adjusted multivariable model.
Missing values were not imputed in primary analyses but were sub-
stituted by multiple imputation procedures using the STATA “mi” set of
commands in sensitivity analyses.

Because of the large sample size, the significance of differences in
the overall cohort was established based on considerations of biologi-
cally or clinically meaningful differences (even very small differences
are rendered as “statistically significant” in such a situation). In the
propensity-matched cohort, differences between variables were ex-
amined by calculating standardized differences, and values < 0.1 were
considered acceptable for the matching. All of the analyses were per-
formed with Stata/MP version 14 (Stata Corporation, College Station,
TX) and SAS version 9.4 (SAS Institute Inc., Cary, NC). The study was
approved by the institutional review boards at the Memphis and Long
Beach VA medical centers, with exemption from informed consent.

3. Results

Baseline characteristics overall and in patients categorized by con-
stipation status are shown in Table 1. The mean = SD age at baseline
was 59.8 = 13.9 years; 93.2% were male; 15.5% were African Amer-
ican; and 23.7% were diabetic. The mean eGFR was 83.8 = 15.5mL/
min/1.73m? Compared to patients without constipation, those with
constipation were older and more likely to be African American, had a
higher prevalence of comorbidities except HIV/AIDS and a poorer so-
cioeconomic status, and were less likely to be married. They also had
more frequent healthcare encounters and longer cumulative length of
hospitalization during the two-year baseline period. The use of medi-
cations and the administration of influenza vaccination(s) were more
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common in patients with constipation. Baseline characteristics were
well balanced between those with and without constipation in the
propensity-matched cohort (See Table 1 in [20]).

3.1. Mortality

A total of 597,780 patients died overall (crude rate, 30.4 per 1000
patient-years; 95% confidence interval [CI], 30.4-30.6) during a
median follow-up of 6.7 years. The follow-up duration was similar in
constipated and non-constipated patients. As shown in Fig. 1A, com-
pared to patients without constipation, those with constipation had a
higher cumulative incidence of all-cause mortality (log-rank
p < 0.001). Fig. 2A shows multivariable adjusted mortality rates as-
sociated with constipation status. In the age-adjusted model, patients
with constipation had 1.62 (95% CI, 1.61-1.64) times higher mortality
than those without constipation. Further adjustment for additional
covariates substantially attenuated the risk of mortality, but the asso-
ciation remained statistically significant (adjusted HR, 1.12; 95% CI,
1.11-1.13, model 5, Fig. 2A). Compared to patients without laxative
use, those with more extensive laxative use showed incrementally
higher crude cumulative incidence of death (log-rank p < 0.001;
Fig. 1B), but the dose-dependency was no longer evident after multi-
variable adjustment (adjusted HRs [95% CI], 1.15 [1.13-1.16] and 1.14
[1.12-1.15] for one and =2 types of laxatives, respectively, model 5,
Fig. 3A).

3.2. Incident CHD

There were a total of 68,076 patients who experienced an incident
CHD (crude rate, 3.93 per 1000 patient-years; 95% CI, 3.90-3.96). The
crude cumulative incidence of CHD was higher in patients with con-
stipation than those without (log-rank p < 0.001; Supplemental
Fig. 2A). Although this association was attenuated after multivariable
adjustment, the risk of incident CHD remained higher in patients with
constipation (adjusted HR, 1.11; 95% CI, 1.08-1.14; model 5, Fig. 2B).
Along with increasing number of different types of laxatives, a higher
crude cumulative incidence of CHD was observed (log-rank p < 0.001;
Supplemental Fig. 2B); however, this dose-dependency was no longer
evident after multivariable adjustment (adjusted HRs [95% CI], 1.11
[1.07-1.15] and 1.10 [1.05-1.15] for one and =2 [versus none] types
of laxatives, respectively, model 5, Fig. 3B).

3.3. Incident ischemic stroke

In total, 63,371 patients experienced an incident ischemic stroke
(crude rate, 3.44 per 1000 patient-years; 95% CI, 3.42-3.47).
Compared to patients without constipation, those with constipation had
a higher crude cumulative incidence of ischemic stroke (log-rank
p < 0.001; Supplemental Fig. 3A). The risk of incident ischemic stroke
remained higher in patients with constipation even after multivariable
adjustment (adjusted HR, 1.19; 95% CI, 1.15-1.22, model 5, Fig. 2C).
The dose-response relationship was observed between laxative use and
crude cumulative incidence of ischemic stroke (log-rank p < 0.001;
Supplemental Fig. 3B), but the risk of ischemic stroke associated with
one or =2 types of laxatives was almost identical after multivariable
adjustment (adjusted HRs [95% CI], 1.19 [1.14-1.23] and 1.21
[1.16-1.26] for one and =2 [versus none] types of laxatives, respec-
tively, model 5, Fig. 3C).

3.4. Sensitivity analyses

Findings were similarly observed in selected subgroups
(Supplemental Fig. 4) and were robust to various sensitivity analyses
accounting for confounding by indication, competing risk, and missing
data, excluding events occurred within the first 12 months, and using a
more stringent constipation definition (See Table 2 and Figs. 1-4 in
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Table 1
Baseline patient characteristics, overall and by constipation status.
Characteristics Overall Constipation
No Yes
(n = 3,359,653) (n = 3,121,798) (n = 237,855)
Mean age (SD), y 59.8 (13.9) 59.5 (14.0) 63.7 (13.0)
Mean eGFR (SD), mL/min/1.73 m? 83.8 (15.5) 83.8 (15.5) 82.8 (15.8)

Male, n (%)

African American, n (%)
Hypertension, n (%)

Diabetes mellitus, n (%)

CHD, n (%)

CHF, n (%)

CVD, n (%)

PAD, n (%)

Chronic lung disease, n (%)
Dementia, n (%)

Parkinson's disease, n (%)
Rheumatologic disease, n (%)
Peptic ulcer disease, n (%)

Liver disease, n (%)
Malignancies, n (%)

HIV/AIDS, n (%)

Depression, n (%)

Bowel disorders, n (%)

Charlson comorbidity index score (IQR)
Median per capita income (IQR), $
Married, n (%)

Service connected, n (%)

Mean BMI (SD), kg/m?

Mean systolic BP (SD), mmHg
Mean diastolic BP (SD), mmHg
Mean total cholesterol (SD), mg/dL
ACEI/ARB use, n (%)

Calcium channel blockers, n (%)
Diuretics, n (%)

Statin use, n (%)
Antidepressants use, n (%)
Non-opioid analgesics use, n (%)
Opioids use, n (%)
Antihistamines, n (%)
Anticholinergics, n (%)
Antiarrhythmics, n (%)
Anticoagulants, n (%)
Antipsychotics, n (%)
Anti-Parkinson drugs, n (%)
Antacids, n (%)
Anticonvulsants, n (%)
Alkylating agents, n (%)

Oral iron supplements, n (%)
Influenza vaccination, n (%)

3,131,534 (93.2)
519,841 (15.5)
2,004,010 (59.7)
796,883 (23.7)
380,854 (11.3)
134,426 (4.0)
198,031 (6.0)
179,007 (5.3)
595,482 (17.7)
24,603 (0.7)
24,913 (0.7)
46,671 (1.4)
61,653 (1.8)
11,540 (0.3)
315,383 (9.4)
20,154 (0.6)
738,164 (22.0)
139,152 (4.1)
1(0,1)

23,075 (11,791-36,135)
1,809,593 (53.9)
1,397,265 (41.6)
29.2 (5.7)

135.5 (19.0)
77.2 (11.7)
183.7 (41.6)
744,989 (22.2)
369,634 (11.0)
499,829 (14.9)
490,304 (14.6)
597,772 (17.8)
799,129 (23.8)
367,880 (11.0)
19,549 (0.6)
57,888 (1.7)
16,952 (0.5)
113,577 (3.4)
153,649 (4.6)
24,913 (0.7)
25,596 (0.8)
245,602 (7.3)
744 (0.02)
29,785 (0.9)
996,284 (29.7)
1,130,132 (33.6)

2,910,065 (93.2)
472,065 (15.1)
1,834,032 (58.8)
720,066 (23.1)
337,918 (10.8)
111,351 (3.6)
169,129 (5.4)
153,564 (4.9)
523,917 (16.8)
19,457 (0.6)
19,983 (0.6)
41,168 (1.3)
52,703 (1.7)
7877 (0.3)
275,038 (8.8)
18,673 (0.6)
643,100 (20.6)
117,676 (3.8)
0(0,1)

23,352 (11,916-37,177)
1,695,127 (54.3)
1,278,296 (41.0)
29.2 (5.6)

135.6 (19.0)
77.4 (11.7)
184.2 (41.5)
678,435 (21.7)
333,625 (10.7)
447,565 (14.3)
444,841 (14.3)
518,454 (16.6)
702,013 (22.5)
302,346 (9.7)
15,519 (0.5)
47,761 (1.5)
14,717 (0.5)
96,765 (3.1)
127,946 (4.1)
19,983 (0.6)
17,267 (0.6)
203,578 (6.5)
569 (0.02)
21,552 (0.7)
890,280 (28.5)
1,043,922 (33.4)

221,469 (93.1)
47,776 (20.1)
169,978 (71.5)
76,817 (32.3)
42,936 (18.1)
23,075 (9.7)
28,902 (12.2)
25,443 (10.7)
71,565 (30.1)
5146 (2.2)
4930 (2.1)
5503 (2.3)
8950 (3.8)
3663 (1.5)
40,345 (17.0)
1481 (0.6)
95,064 (40.0)
21,476 (9.0)
10, 3)
19,376 (10,764-30,750)
114,466 (48.1)
118,969 (50.0)
29.4 (6.2)
134.2 (19.7)
75.4 (11.9)
177.0 (41.7)
66,554 (28.0)
36,009 (15.1)
52,264 (22.0)
45,463 (19.1)
79,318 (33.4)
97,116 (40.8)
65,534 (27.6)
4030 (1.7)
10,127 (4.3)
2235 (0.9)
16,812 (7.1)
25,703 (10.8)
4930 (2.1)
8329 (3.5)
42,024 (17.7)
175 (0.07)
8233 (3.5)
106,004 (44.6)
86,210 (36.2)

Living in area with high housing stress, n (%)
Living in area with low education, n (%)
Living in area with low employment, n (%)
Living in area of persistent poverty, n (%) 159,609 (4.8)
Healthcare encounters, n (IQR) 20 (10, 39)
Cumulative length of hospitalization (IQR), days 0 (0, 0)

348,170 (10.4)
304,968 (9.1)

319,617 (10.2)
280,614 (9.0)

28,553 (12.0)
24,354 (10.2)

146,292 (4.7) 13,317 (5.6)
19 (10, 35) 51 (28, 85)
0(0,0) 0 (0, 5)

Data are presented as number (percentage), mean (standard deviation), or median (interquartile range). All p-values except HIV/AIDS (p = 0.14) for comparing
differences between the absence and presence of constipation were statistically significant at p < 0.05.

ACEI = angiotensin-converting enzyme inhibitors; AIDS = acquired immunodeficiency syndrome; ARB = angiotensin receptor blockers; BMI = body mass index;
BP = blood pressure; CHD = coronary heart disease; CHF = congestive heart failure; CVD = cerebrovascular disease; DM = diabetes mellitus; eGFR = estimated
glomerular filtration rate; HIV = human immunodeficiency virus; PAD = peripheral arterial disease.

[20] and Supplemental Tables 4-7). When using additional category of
constipation severity, a risk gradient was observed for incident ischemic
stroke (Supplemental Table 8).

4. Discussion
In this large cohort of US veterans with baseline eGFR =60 mL/

min/1.73 m?, we examined the association of constipation status and
laxative use with all-cause mortality, incident CHD, and incident

ischemic stroke. We found that patients with constipation had a 12%
higher risk of all-cause mortality, and also 11% and 19% higher risk of
developing CHD and ischemic stroke, respectively, compared to those
without constipation, after adjusting for potential confounders.
Furthermore, we found a similarly higher risk of those events in pa-
tients with one and =2 types of laxatives. Findings were robust to
various sensitivity analyses.

These results are similar to some aspects of a few previously pub-
lished studies [5-7]. In a community-based prospective cohort of
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Fig. 1. Kaplan-Meier cumulative-event curves for all-cause mortality according
to (A) constipation status and (B) laxative use in the overall cohort.

The lines represent (A) patients without (dashed line) and with (solid line)
constipation, and (B) those with no laxatives (dotted line) and with one (dashed
line) or =2 (solid line) types of laxatives. Both log-rank p values < 0.001.

93,676 postmenopausal women, Salmoirago et al. [5] reported that
women with moderate and severe constipation, defined by self-ad-
ministered questionnaire, were at higher risk of cardiovascular mor-
tality compared to those without constipation. Similarly, in a Japanese
population-based prospective cohort of 45,112 participants, Honkura
et al. [7] demonstrated that constipation, defined as a decreased defe-
cation frequency evaluated using a self-administered questionnaire, was
significantly associated with increased risk of cardiovascular mortality,
particularly with the risk of ischemic stroke mortality. On the other
hand, one recent study by Ma et al. [8] reported no association of
constipation, defined as stool frequency of up to every 5 days, with the
risk of mortality and cardiovascular events; and hence it remains con-
troversial whether constipation is associated with higher risk of such
events. We therefore extended these analyses to a very large cohort
of > 3 million nationwide US veterans, and for the first time demon-
strated the independent association of constipation with incident CHD
and ischemic stroke, as well as with all-cause mortality.

Although our observational study cannot conclude a causal re-
lationship, there are several plausible explanations for a mechanistic
association between constipation and the risk of incident cardiovascular
events. In recent years, there has been a growing interest in the mutual
interactions between the intestinal environment and host nutrition,
metabolism, physiology, and immune function [21], and emerging
evidence has revealed that dysbiosis (abnormal changes in gut micro-
biota composition) contributes to the pathogenesis of diverse illnesses,
such as the metabolic syndrome [22] and cardiovascular disease [23],
through the processes mediated by altered gut microbiota [24-27]. A
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Fig. 2. Hazard ratios and 95% confidence intervals of (A) all-cause mortality,
(B) incident CHD, and (C) incident stroke associated with the presence (vs.
absence) of constipation in the overall cohort.

Models represent hazard ratios after adjustment for age (model 1); age plus
gender, race, and baseline eGFR (model 2); model 2 variables plus comorbid-
ities (diabetes mellitus, hypertension, coronary heart disease, congestive heart
failure, cerebrovascular disease, peripheral arterial disease, peptic ulcer dis-
ease, rheumatic disease, malignancy, dementia, Parkinson's disease, depression,
liver disease, chronic lung disease, human immunodeficiency virus/acquired
immunodeficiency syndrome, and bowel disorders) and Charlson comorbidity
index (model 3); model 3 plus baseline body mass index, systolic blood pres-
sure, diastolic blood pressure, and total cholesterol (model 4); model 4 plus
socioeconomic parameters (mean per capita income, marital status, service
connectedness, housing stress, low education, low employment, persistent
poverty), number of VA healthcare encounters, cumulative length of hospita-
lization, receipt of influenza vaccination(s), each patient's VA healthcare re-
gion, and use of angiotensin-converting enzyme inhibitors/angiotensin-re-
ceptor blockers, calcium channel blockers, diuretics, statins, antidepressants,
non-opioid analgesics, opioids, antihistamines, anticholinergics, antiar-
rhythmics, anticoagulants, antipsychotics, anti-Parkinson drugs, antacids, an-
ticonvulsants, alkylating agents, and oral iron supplements (model 5).
CHD = coronary heart disease; CI = confidence interval; eGFR = estimated
glomerular filtration rate; VA = veterans affairs.

greater contribution of constipation to the risk of incident CHD and
stroke among patients with eGFR < 90 (vs. =90) mL/min/1.73 m? in
our subgroup analysis might partly reflect a pathophysiological inter-
action of altered gut microbiota accompanied by loss of kidney function
[28]. Since gastrointestinal motility and environment are closely in-
terrelated and exert reciprocal effects on each other [29,30], it seems
plausible that constipation, one of the clinical forms of dysbiosis
[31,32], can be partially involved in the pathogenesis of atherosclerosis
through chronic inflammation partly due to bacterial endotoxins (e.g.,
lipopolysaccharide) and/or altered gut metabolites (e.g., short chain
fatty acids [26], trimethylamine-N-oxide [25], etc.), and consequently
contribute to the higher incidence of CHD and ischemic stroke and all-
cause mortality. Recently, elevated blood levels of serotonin, a vaso-
constrictor which also promotes thrombus formation, have been im-
plicated in the development of atherosclerotic plaques [33] and asso-
ciated with increased risk of atherosclerotic cardiovascular disease
[34]. Given the fact that serotonin synthesis and release have been
increased in individuals with constipation [35] and in those using
certain laxatives [36], increased serotonin levels could also serve as a
potential explanation for the observed association. As another potential
underlying mechanism, constipation could be considered as a surrogate
for autonomic dysfunction, which has been associated with various
known cardiovascular risk factors such as diabetes [37], hypertension
[38,39], and depression [40]; and indeed, patients with constipation
had a higher prevalence of such diseases in our study. Although con-
stipation might merely serve as a systemic indicator of poor health and
may thereby contribute to the development of cardiovascular disease,
the association of constipation with all outcomes remained statistically
significant even after adjusting for several known risk factors, and also
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Fig. 3. Hazard ratios and 95% confidence intervals of (A) all-cause mortality,
(B) incident CHD, and (C) incident stroke associated with laxative use* in the
overall cohort.

“Patients with one (blank symbols) or =2 (filled symbols) types of laxatives
compared with those with no laxatives (reference). Models represent hazard
ratios after adjustment for age (model 1); age plus gender, race, and baseline
eGFR (model 2); model 2 variables plus comorbidities (diabetes mellitus, hy-
pertension, coronary heart disease, congestive heart failure, cerebrovascular
disease, peripheral arterial disease, peptic ulcer disease, rheumatic disease,
malignancy, dementia, Parkinson's disease, depression, liver disease, chronic
lung disease, human immunodeficiency virus/acquired immunodeficiency
syndrome, and bowel disorders) and Charlson comorbidity index (model 3);
model 3 plus baseline body mass index, systolic blood pressure, diastolic blood
pressure, and total cholesterol (model 4); model 4 plus socioeconomic para-
meters (mean per capita income, marital status, service connectedness, housing
stress, low education, low employment, persistent poverty), number of VA
healthcare encounters, cumulative length of hospitalization, receipt of influ-
enza vaccination(s), each patient's VA healthcare region, and use of angio-
tensin-converting enzyme inhibitors/angiotensin-receptor blockers, calcium
channel blockers, diuretics, statins, antidepressants, non-opioid analgesics,
opioids, antihistamines, anticholinergics, antiarrhythmics, anticoagulants, an-
tipsychotics, anti-Parkinson drugs, antacids, anticonvulsants, alkylating agents,
and oral iron supplements (model 5). CHD = coronary heart disease;
CI = confidence interval; eGFR = estimated glomerular filtration rate;
VA = veterans affairs.

after stratification by such factors. Contrary to our expectation, we
observed almost identical risk for all outcomes between patients with
one and =2 types of laxatives after multivariable adjustment. This
seemingly counterintuitive observation might be partly explained by
the underlying uniform effect of constipation, assuming that the
symptoms in patients with more severe constipation who use more
laxatives may be treated down to the same level as someone with less
severe constipation who uses fewer laxatives. Lastly, albeit still spec-
ulative, dehydration due to the use of certain types of laxatives, and/or
repeated Valsalva-like breath-holdings as a result of straining at defe-
cation, a well-recognized cause of “defecation syncope” [41], may in-
duce cardiac and cerebral ischemia, and could potentially explain the
higher incidence of cardiovascular events. In this context, it seems
important to acknowledge risk gradient for incident ischemic stroke
among participants with diagnosis of constipation and with vs. without
laxative use when using additional category of constipation severity.
Our study results must be interpreted in light of several limitations.
Our cohort consisted of predominantly male US veterans, and only
6.8% of the main cohort were women; hence, the results may not apply
to women or patients from other geographical areas. Although con-
stipation was defined by unconventional criteria using the ICD-9-CM
codes and laxative prescription records during the 2-year baseline
period under the (unproven) assumption that the definition could
capture those who had relatively chronic symptoms of constipation
rather than transient symptoms, we were unable to assess the impact of
lifetime duration of constipation and its overall severity on the out-
comes. A majority of patients in this cohort were in an outpatient
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setting; however, it would be difficult to deny the possibility of detec-
tion bias because constipation in outpatients may be less likely to be
detected in comparison with inpatients. Data on cause-specific mor-
tality were not available in this cohort. Information of actual stool
pattern or subjective symptoms of constipation was not available;
therefore, patients who indeed had constipation but had no diagnostic
codes or laxative prescription records from VA Pharmacy might have
been misclassified as absent constipation or having less severe con-
stipation. Indeed, the overall prevalence of constipation in this study
was lower than that reported in the general population, suggesting that
the current constipation definition may have captured more severe and
symptomatic constipation, and hence the results may not apply to those
identified by the more common constipation definition of decreased
bowel movement frequency or having strain at stool. Nevertheless, such
misclassification would tend to bias the true effects toward the null.
Several statistical methods were applied to address the effect of con-
founders, but we cannot eliminate the possibility of unmeasured con-
founders such as smoking history, functional mobility, nutritional as-
sessment data, and dietary habits.

In conclusion, in this large nationwide cohort of > 3 million US
veterans, we found that constipation status and laxative use were as-
sociated with a higher risk of all-cause mortality, incident CHD, and
incident ischemic stroke, independently of known cardiovascular risk
factors. Our results raise questions about potential pathophysiologic
contribution of constipation to the pathogenesis of atherosclerotic
cardiovascular diseases and, given the simplicity of its assessment in
everyday clinical practice, may underscore the need for careful ob-
servation of cardiovascular complications among patients with con-
stipation. Further studies are warranted to elucidate the underlying
mechanisms of the observed association and to determine if treatment
of constipation through various interventions (e.g., exercise, high-fiber
diet and/or use of probiotics vs. laxatives) can lower the risk of mor-
tality and adverse cardiovascular outcomes.
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