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and meta-analysis reported a 41% increased stroke risk, particularly ischemic
stroke (50% higher). Additionally, analysis of the UK Biobank data indicated
a significant association between constipation and increased risk of MACE.
Proposed mechanisms include gut dysbiosis, systemic inflammation, vagal
nerve stimulation, increased intra-abdominal pressure, and medication-re-
lated electrolyte disturbances. Conclusion: Constipation is associated with in-
creased cardiovascular risk, implicating potential mechanisms such as gut mi-
crobiota alterations, inflammation, and physiological stress during bowel move-
ments. Despite robust observational associations, establishing causality re-
mains essential, necessitating future Mendelian randomization and clinical in-
tervention studies. Enhanced understanding and targeted management strat-
egies may significantly impact cardiovascular outcomes, particularly in high-
risk populations such as elderly individuals, diabetics, and patients with exist-

ing heart failure.
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1. Introduction

Constipation is defined clinically as the passage of three or fewer stools per week,
with patients frequently complaining of difficulty and straining [1]. Stools are of-
ten described as hard, lumpy, and incompletely evacuated with corresponding dif-
fuse abdominal pain and bloating [2]. Traditionally, constipation is viewed as a
benign condition that poses significant quality-of-life issues that can lead to more
serious complications, such as fecal impaction [3]. There is growing recognition
of constipation’s systemic relevance, as studies have associated it with increased
incidence of cardiovascular and inflammatory complications [4]. Rates of venous,
especially splanchnic, venous thrombosis, myocardial infarction, stroke, and pe-
ripheral artery disease have been significantly linked to patients with constipation
[4]. The mortality risks, even among laxative users, are shown to increase with con-
stipation significantly [5]. This recent link between constipation and cardiovascu-
lar disease is clinically meaningful as both share significant risk factors and con-
tribute to systemic inflammation. Hypertension, western dietary patterns, and di-
abetes mellitus are some of the many risk factors that ultimately contribute to the
risk of major adverse cardiac events [6]. Increased C-reactive protein (CRP) levels
in constipation further highlight the inflammatory manifestations that affect ma-
jor chronic diseases and mortality risks [7]. The aim of the review is to evaluate
the existing evidence linking constipation to cardiovascular disease, explore pro-

posed biological mechanisms and discuss clinical relevance and research gaps.
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2. Definition, Prevalence, and Diagnostic Challenges

Constipation is a complex and multifactorial condition with a significant healthcare
burden in the U.S. and the world. Differences in how constipation is defined glob-
ally have led to a wide range of reported prevalence; however, estimates suggest
that constipation affects 15% - 20% of the global population [8]. The elderly are at
a 20% increased risk of chronic constipation compared to younger populations,
and elderly women, in particular, have a 2 - 3 times higher risk of constipation
than elderly men [9]. Similar discrepancies are also seen in pregnant and premen-
opausal women when compared to their male counterparts. Besides age and sex,
other risk factors include low fiber and water intake, sedentary lifestyle, socioeco-
nomic status, and concurrent usage of pharmaceuticals like antipyretic, antide-
pressant, and antiepileptic drugs [10] [11].

The term ‘constipation’ is non-specific, which makes direct comparison and
meta-analysis across studies difficult, as its diagnosis can be based on subjective
symptoms. Nevertheless, the Rome IV criteria, which were updated from the Rome
IIT in 2016, outline the most accepted current definitions for chronic constipation
and its subtypes [12]. Patient reports are still a key aspect of these definitions, but
the use of the Bristol Stool Form Scale (BSES) to characterize stool appearance and
consistency increases reliability. The first subtype, Irritable Bowel Syndrome with
Constipation (IBS-C), is defined under Rome IV as recurrent abdominal pain
greater than 1 day per week for the last three months and associated with two or
more of the following criteria: pain related to defecation, pain associated with a
change in frequency of stool, pain associated with a change in form/appearance of
stool. Abnormal bowel movements in IBS-C must also be consistent with BSFS
types 1 or 2, greater than 25% of the time, and BSFS types 6 or 7, less than 25% of
the time. Functional Constipation, the next subtype, is defined as the presence of
two or more of the following: straining for >25% of defecations, lymph or hard
stools (BSFS 1 - 2) for >25% of defecations, sensation of incomplete evacuation
for >25% of defecations, sensation of anorectal blockage for >25% of defecations,
manual manoeuvers to facilitate >25% of defecations, and fewer than 3 spontane-
ous bowel movements per week [8]. The Rome IV criteria acknowledge the ap-
parent overlap between IBS-C and functional constipation, stating that functional
defecation disorder diagnoses may be made on the symptom criteria of either con-
dition. Rome IV also includes opioid induced constipation (OIC) as another sub-
type due to the increasing relevance of opioids in clinical practice, defining OIC
as new or worsening symptoms of constipation following the initiation or change
in opioid therapy, using the same symptom and frequency cut-off as other sub-
types (>25% BSFS type 1 - 2) [12]. Despite frameworks like the Rome IV criteria,
there remains ambiguity between constipation subtypes and variability across the
literature in how constipation is defined.

3. Methodology

Objective
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The aim of this systematic review is to present current evidence regarding the
association between constipation and cardiovascular risks. We chose this study
population because of the prevalence of constipation and cardiovascular issues seen
in the elderly population. These cardiovascular risks include myocardial infarc-
tions (MIs), strokes, atrial fibrillation, heart failure, peripheral artery disease, and
major adverse cardiac events (MACE). This review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020. PRISMA
provided this review as a guideline that would describe the methodology and re-
producibility.

Search Strategies

The systematic literature review search used PubMed, Google Scholar, Embase,
Scopus, and Cochrane Library. The search was performed between March 1, 2025
and April 10, 2025. We gathered studies from 2002 to 2025. The following key-
words were used in the search: constipation, cardiovascular disease, myocardial
infarction, stroke, atrial fibrillation, heart failure, peripheral heart disease, bowel
dysfunction, major adverse cardiac events (MACE). Additional keywords also in-
cluded gut microbiota, intra-abdominal pressure, electrolyte imbalance, dietary
fiber and short-chain fatty acids. Boolean operators were also used to refine the
search. Terms such as constipation and cardiovascular disease were used in the
search query.

Inclusion Criteria

Studies that were included were based on study design, population, outcomes,
and reporting. The inclusion criteria for this paper were: (a) Peer reviewed studies,
mendelian randomization studies, systematic reviews and meta-analysis using
adults aged 18 years or older; (b) Having constipation as a risk factor; (c) Studies
that reported on cardiovascular outcomes such as myocardial infarction, stroke,
atrial fibrillation, heart failure, peripheral artery disease, and MACE; (d) Studies
that gave their effect estimates with confidence intervals and adjustments for con-
founding variables. Studies addressing potential mechanistic links including alter-
ations in gut microbiota, inflammatory markers, electrolyte imbalance, Valsalva
maneuver, and dietary fiber intake were included if it either directly or indirectly
had a link to constipation cardiovascular outcomes in humans.

Exclusion Criteria

The studies that were not included in our paper included non-human studies,
non-peer-reviewed publications, populations less than 18 years old, studies that
did not measure cardiovascular complications with constipation, and studies that
did not adjust for confounding variables.

Study Selection and Discrepancy Resolution

Study selection was conducted independently by multiple reviewers, each of
whom was assigned to specific sections of the review. Titles and abstracts were
screened by individual reviewers based on the pre-set inclusion and exclusion cri-
teria. Full-text articles were assessed for eligibility within each assigned section.

Duplicate publications were screened to avoid repetition. Inclusion decisions were
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taken based on each reviewer’s own judgment within the scope of their section.

Data Extraction and Synthesis

Data extraction was conducted using key information that was captured for
each study, which included the following: study characteristics such as design and
sample size, demographics of the population, including age and sex, and defini-
tions of constipation (self-reported and clinical) and cardiovascular outcomes
tested. Demographics such as age and sex were recorded, as well as cardiovascular
outcomes measured in each study.

PRISMA

Using the guidelines mentioned above, Figure 1 contains the study selection

flow chart.
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Figure 1. PRISMA 2020 Flow Diagram: Process in selecting study for systematic review of
the association between CV risks and constipation.

4. Epidemiological Evidence Linking Constipation to
Cardiovascular Disease

Epidemiologic evidence has suggested that constipation may be a possible risk
factor for cardiovascular disease and its subtypes. Investigators have begun ex-
ploring this link via observational studies, but outcomes have varied and causation

has yet to be confidently established. Prospective cohort, retrospective cohort, and
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cross-sectional studies have been employed across different populations to work
towards establishing an association between CVD and constipation. A Danish co-
hort study demonstrated an increased risk of several cardiovascular diseases, es-
pecially VTE, in patients experiencing constipation [4]. Cohort studies like these
serve as a foundation in forming positive associations that guide subsequent re-
search, such as Mendelian randomization studies and meta-analyses. MR studies
and meta-analyses are key in strengthening evidence for a causal relationship and
increasing statistical power, respectively. For example, a two-sample MR analysis
revealed causal associations between atrial fibrillation and constipation [13]. MR
studies such as these have great potential to enhance results of other observational
studies, as they utilize genetic variables that are not influenced by confounders.
The following paragraphs will explore the major findings of multiple epidemio-
logic design types, including cohort, cross-sectional, Mendelian randomization,
and meta-analysis.

Cohort studies serve as excellent starting points in exploring the link between
cardiovascular disease and constipation. As mentioned above, the Danish popu-
lation-matched cohort study used comorbidity- and medication-adjusted hazard
ratios (aHRs) to retrospectively measure CVD outcomes in patients with consti-
pation [4]. Sundbell et al (2020) matched 83,239 constipated individuals 1:10 with
832,384 non-constipated individuals for age, sex, and calendar year. CVD out-
comes were then assessed using cases of myocardial infarction (MI), stroke, pe-
ripheral artery disease (PAD), venous thromboembolism (VTE), atrial fibrillation
(AF), and heart failure (HF). Based on the aHR values, it was determined that con-
stipation is significantly associated with each of these CVDs, especially VTE (aHR
=2.04) [4]. Furthermore, since definitions of constipation may vary, it’s important
to note that Sundbell et al. define constipation in two ways: 1) A primary or sec-
ondary inpatient diagnosis using ICD-10 code K59.00, or 2) Outpatients with a
laxative prescription. The addition of laxatives in the definition of constipation
left the association outcomes unchanged. Overall, the approaches to minimize
confounders and the large sample size of this study provide reliable evidence of a
likely association, offering a solid basis for further comparison and analysis.

To begin identifying patterns in this data, it may be beneficial to introduce an-
other retrospective cohort study. Zheng et al (2024) examined 408,354 partici-
pants from the UK Biobank to determine the role of constipation on CVD. CVD
outcomes here are defined as MACEs, or major adverse cardiac events, which cap-
ture episodes of acute coronary syndrome (ACS), ischemic stroke, and HF. Addi-
tionally, an official diagnosis (ICD-10 K59.00) was used to select constipation
cases. After controlling for CVD risk factors and medications, the study concluded
that those diagnosed with constipation are up to 2.5x more likely to experience
MACESs compared to their non-constipated counterparts [6]. HF specifically had
the most statistically significant association with constipation (OR =2.72, P < 1.00
x 10 — 300), followed by ischemic stroke (OR = 2.36, P = 2.02 x 10 — 230). More-

over, findings from this UK Biobank study were analyzed alongside seven addi-

DOI: 10.4236/0jgas.2025.159049

540 Open Journal of Gastroenterology


https://doi.org/10.4236/ojgas.2025.159049

M. Hassan et al.

tional observational studies in a systematic review and meta-analysis from
Suenghataiphorn et al (2024), which displayed a 50% increase in ischemic stroke
risk in constipated patients [14]. This study provided a summary of results from
5,360,573 participants that compared stroke incidence (ischemic, hemorrhagic,
and mixed-type) between constipated and non-constipated individuals. ICD-10
codes, self-reports, and the Rome IV Diagnostic Criteria were used to define con-
stipation across the studies reviewed. Despite the lack of uniformity across con-
stipation definitions, a statistically significant association between constipation
and stroke risk was thoughtfully demonstrated.

The evidence presented above has indicated strong associations between con-
stipation and CVD risk, however, a positive association does not imply causation.
Mendelian randomization studies can use genetic variants associated with consti-
pation to explore this prospective causal relationship. Results from these studies
are important in furthering research, as the nature of MR analysis can bypass more
confounders than a traditional cohort study. Dong et al (2023) used three MR
methods to evaluate SNPs linked to constipation and their relationship to CVD,
specifically CAD, MI, HF, AF, stroke, and stroke subtypes (LAS, SVS, and CES)
[13]. Ultimately, only AF showed a significant association with constipation. This
implicates constipation as a risk factor for AF, which reinforces the link found in
the Danish cohort study. Similarly, Du et al (2023) also employ MR analysis to
genetically examine constipation and CVD, but with a focus on ischemic stroke,
including LS, LAS, SVS, and CES [15]. Out of each type of ischemic stroke meas-
ured, only LAS was found to have a significant link to constipation. The discrep-
ancy between these two MR studies regarding large artery atherosclerosis may be
due to differing methodological choices, such as the genetic variants chosen or
varying sample sizes. Nonetheless, these findings continue to promote a broader
understanding of overall cardiovascular risk.

To expand on the consistency of these outcomes, it’s important to recognize
that there is no universally accepted definition of constipation. As a result, there
is an intrinsic inconsistency when attempting to compare constipation research.
Each study also chooses to evaluate CVD in a different way, with some studies
narrowing in on ischemic stroke, and others investigating a more comprehensive
list of subtypes. Generalizability may also be limited, as the majority of the data
from the featured cohort studies was sampled from those of European descent.
Despite this, major findings from the Danish study and the UK Biobank study
were still valuable in providing simple associations between constipation and var-
ious CVD outcomes of interest [4] [6]. Alone, these studies are inherently limited
in avoiding reverse causality bias and unmeasured confounding variables such as
inactivity, diet, obesity, medication, and immobilization [4]. To mitigate these
limitations, MR studies are critical because genetic variables are mostly fixed.
When MR results corroborate the findings of observational studies, suspected as-
sociations can be strengthened and deemed causative. With that being said, AF

and ischemic stroke should be highlighted as having the most notable associations
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with constipation. Individual cardiovascular disease subtypes need to be explored
in greater depth to gain a better understanding of the impact of constipation on

cardiovascular health.

5. Constipation and Specific Cardiovascular Conditions

Myocardial Infarction (MI)

The relationship between constipation and myocardial infarction (MI) has been
increasingly substantiated by population-based studies. A Danish cohort study in-
volving over 83,000 participants demonstrated a significantly elevated hazard ra-
tio (HR) of 1.24 (95% CI: 1.15 - 1.34) for MI in individuals with constipation after
adjusting for cardiovascular risk factors [4]. This shows a modest yet clinically
relevant association between constipation and MI, highlighting the potential im-
portance of gastrointestinal health in cardiovascular outcomes.

Mechanistically, chronic straining during defecation may provoke transient
surges in blood pressure and sympathetic nervous system activation, thereby ele-
vating myocardial oxygen demand and predisposing to ischemic events [16]. Low
dietary fiber has been shown to independently increase the risk of ischemic heart
disease. Low dietary fiber intake which is a common underlying contributor to
constipation is independently linked with a higher risk of coronary artery disease
[17]. This highlights the fact that dietary habits may confound the relationship
between constipation and cardiovascular health.

Recent studies suggest a potential dose-response relationship between consti-
pation severity and the risk of myocardial infarction (MI). More severe or chronic
constipation may increase this risk, although further detailed analyses are required
to confirm this pattern [18]. Constipation’s impact on cardiovascular health under-
scores the importance of managing gastrointestinal health to potentially mitigate
cardiovascular risks. Understanding these associations could lead to better pre-
ventive strategies for cardiovascular diseases in individuals with chronic consti-
pation.

Atrial Fibrillation (AF)

Emerging studies indicate a link between constipation and increased risk of
atrial fibrillation (AF). Sundbell ef al cited earlier found a significant association
between constipation and AF (aHR 1.27; 95% CI: 1.19 - 1.35) (95% CI: 1.20 - 1.35)
[4]. One proposed mechanism is autonomic imbalance. Straining induces vagal
stimulation, followed by reflex sympathetic activation, potentially disrupting car-
diac electrophysiological stability [6]. A population-based cohort study from Aus-
tralia also reported an increased risk of AF among elderly patients with chronic
constipation [19]. The act of straining can lead to transient vagal stimulation fol-
lowed by sympathetic overactivity, a combination known to trigger atrial arrhyth-
mias.

Autonomic dysfunction is common in patients with chronic constipation, par-
ticularly those with coexisting diabetes or neurogenic bowel disorders, further

supporting a shared pathophysiological basis. Gut-brain axis alterations and mi-
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crobial dysbiosis may also modulate atrial substrate via systemic inflammation
and autonomic tone [20]. Sun et al discuss how gut dysbiosis may influence atrial
remodeling and dysfunction, contributing to the pathogenesis of atrial fibrillation
[21]. Gut dysbiosis, characterized by an imbalance in microbial composition, leads
to increased production of pro-inflammatory metabolites such as trimethylamine
N-oxide (TMAO) and lipopolysaccharides (LPS). These metabolites can activate
inflammatory pathways, notably the NLRP3 inflammasome, resulting in atrial fi-
brosis and electrical remodeling—key substrates for AF initiation and mainte-
nance [22]. Gut-derived LPS has been shown to modulate autonomic nervous sys-
tem activity, enhancing sympathetic tone and reducing vagal influence, thereby
promoting arrhythmogenesis [21]. These studies highlight the possible autonomic
and inflammatory mechanisms at play in AF.

Peripheral Artery Disease

Peripheral artery disease (PAD) and constipation appear to share overlapping
etiologic pathways, particularly systemic inflammation and endothelial dysfunc-
tion. A cross-sectional study in patients with type 2 diabetes revealed a signifi-
cantly higher prevalence of vascular complications, including PAD, among those
with comorbid constipation [23]. Inflammatory cytokines such as TNF-a and IL-
6, which impair vascular health, are also implicated in the pathogenesis of func-
tional bowel disorders. Inflammatory cytokines implicated in bowel dysmotility,
such as TNF-aand IL-6, also contribute to endothelial damage and arterial plaque
formation [24]. Furthermore, sedentary behavior may function as a shared behav-
ioral risk factor. Reduced mobility can compound atherosclerotic risk, particularly
in elderly and diabetic cohorts [23]. The relationship between constipation and
PAD is likely multifactorial.

Stroke (Particularly Ischemic Stroke)

Several meta-analyses have confirmed a significant association between consti-
pation and increased risk of stroke, especially ischemic subtypes. Constipation ap-
pears to carry an elevated risk for ischemic stroke, with a meta-analysis reporting
a pooled relative risk (RR) of 1.41 (95% CI: 1.17 - 1.69) for stroke overall, and a
50% increased risk for ischemic stroke specifically [14]. Straining during defeca-
tion can induce abrupt changes in cerebrovascular dynamics. Physiological strain
during defecation can result in transient spikes in systemic blood pressure and
intrathoracic pressure (Valsalva maneuver), increasing the likelihood of throm-
boembolism and cerebrovascular events in predisposed individuals [25]. It is im-
portant to note that shared risk factors, such as advanced age, sedentary lifestyle,
and diabetes, may compound the association. In patients with atrial fibrillation,
the overlap of constipation-related autonomic changes and proarrhythmic condi-
tions may further elevate the stroke risk.

Heart Failure and Major Adverse Cardiac Events (MACE)

Constipation has been independently associated with worsened outcomes in
patients with heart failure (HF). Ishida et a/. demonstrated that comorbid consti-

pation significantly increased all-cause mortality and readmission rates in patients
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with HF [26]. The physiological burden of constipation can exacerbate fluid im-
balance and impact medication efficacy, notably in patients on diuretics [27].
Bowel dysfunction may affect fluid balance, especially in those using osmotic lax-
atives that alter intravascular volume or electrolytes, leading to hemodynamic in-
stability. Also, frequent use of magnesium-containing laxatives in this population
could precipitate electrolyte disturbances further compromising cardiac conduc-
tion [28]. Impaired gastrointestinal perfusion due to low cardiac output may worsen
gut dysbiosis and perpetuate inflammation, creating a vicious cycle.

Constipation is also linked with increased risk of major adverse cardiovascular
events (MACE), including cardiovascular death, non-fatal MI, and stroke. A sep-
arate analysis of the UK Biobank reported a significant association between con-
stipation and increased incidence of MACE, even after adjusting for common
confounders [6]. The findings suggest that constipation may be an independent
risk factor for MACE and may warrant further investigation into its role in cardi-
ovascular disease. The researchers also noted the need for further research to ex-
plore the specific mechanisms by which constipation might increase MACE risk.

Conflicting Evidence

Despite the growing body of evidence, not all studies have found a significant
association between constipation and cardiovascular disease. A two-sample Men-
delian randomization (MR) study found no clear genetic link between constipa-
tion and cardiovascular disease, suggesting the association may be confounded by
shared lifestyle or clinical factors [13]. The discrepancy may also arise from vari-
ation in the definition and severity of constipation across studies, residual con-
founding, and reverse causality. These discrepancies may stem from heterogeneity
in defining constipation, varying follow-up durations, or inadequate adjustment
for confounders such as physical inactivity, depression, and medication side ef-
fects. The reliance on self-reported data in some studies also introduces the risk
of misclassification bias.

Li et al, using NHANES data, reported no statistically significant association
between self-reported constipation and cardiovascular mortality after adjusting
for age, sex, comorbidities, and medication use [29]. These discrepancies may
stem from heterogeneity in defining constipation, varying follow-up durations, or
inadequate adjustment for confounders such as physical inactivity, depression,
and medication side effects. The reliance on self-reported data in some studies
also introduces the risk of misclassification bias.

Itano et al suggested that drug use for constipation may itself be associated with
increased cardiovascular mortality, reflecting possible reverse causality or con-
founding by severity [30]. The use of over-the-counter laxatives, which are often
unreported, may independently affect cardiovascular parameters, further compli-
cating interpretation.

Future research should focus on clarifying causality through longitudinal de-
signs, standardized definitions, and Mendelian randomization studies. Investigat-

ing the impact of treating constipation on cardiovascular outcomes may further
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elucidate the directionality of this relationship.

6. Biological Mechanisms Linking Constipation to
Cardiovascular Risk

The medical community tends to view constipation as a trivial digestive issue, yet
research shows it creates a hidden relationship between gut health and heart func-
tion [7]. Research now shows that persistent constipation acts as a cardiovascular
risk factor through gradual changes in inflammation levels and autonomic signal-
ing and vascular dynamics and electrolyte balance [31]. The observed links be-
tween constipation and cardiovascular disease appear in two forms: statistical pat-
terns in large population data and biological mechanisms at the tissue, molecular,
and microbial levels. The following analysis separates observational connections
from experimental evidence that supports causality in these mechanisms. Studies
show that extended constipation causes systemic inflammation and affects auto-
nomic function, vascular dynamics, and electrolyte balance, which together may
result in atherosclerosis, arrhythmias, and other cardiac events. The primary car-
diovascular risk link between constipation exists through gut dysbiosis, which de-
scribes modifications in the gut microbiota.

Gut Dysbiosis

Gut dysbiosis refers to the condition where the gut microbiota loses its equilib-
rium between microbial populations and metabolic operations. The gut microbi-
ota imbalance in constipated individuals presents two primary characteristics,
which involve elevated trimethylamine N-oxide (TMAQO) production and reduced
short-chain fatty acid (SCFA) levels. The biologically active metabolites influence
cardiovascular system functions. TMAO oxidation occurs in the liver following
gut microbial conversion of dietary nutrients, including choline and L-carnitine
[16]. Experimental studies show that this change leads to an increase in trimethyl-
amine N-oxide (TMAO), which is produced by microbial digestion of choline and
carnitine, and a decrease in short-chain fatty acids (SCFAs), including butyrate
and propionate. TMAO accelerates atherosclerosis, disrupts cholesterol transport,
increases platelet aggregation, and induces endothelial dysfunction in animal mod-
els. These findings move beyond suggestion—they form mechanistic evidence that
gut microbes, through their metabolic signatures, help write the vascular fate of
the host. SCFAs, by contrast, are guardians of vascular calm [7]. They tighten the
gut barrier, lower blood pressure, and dampen inflammation [31]. When consti-
pation reduces fiber fermentation, these protectors vanish like sentinels abandon-
ing their posts. In humans, elevated TMAO and low SCFA levels have been con-
sistently associated with cardiovascular events across prospective cohorts, paint-
ing a strong but still correlational picture [31].

Research indicates that elevated TMAO levels directly increase the risk of ath-
erosclerosis while causing adverse cardiovascular effects [31]. The study by Zheng
et al. (2024) found that TMAO causes endothelial dysfunction through increased
oxidative stress and decreased nitric oxide availability, produces foam cells during
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cholesterol metabolism, disrupts reverse cholesterol transport, and results in
platelet hyperreactivity, which increases thrombosis risk [6]. The fermentation of
dietary fiber by the gut microbiota produces beneficial metabolites, which include
acetate, propionate, and butyrate that form the SCFAs. The molecules work to
maintain gut barrier strength while reducing inflammation and regulating blood
pressure levels. The decreased SCFA production in constipated individuals with
disturbed gut flora results in elevated gut permeability and systemic inflammation
and hypertension, which serve as cardiovascular disease risk factors [7]. The proath-
erogenic environment developed from constipation-induced gut dysbiosis with
elevated TMAO and reduced SCFAs activates multiple disease pathways that in-
clude inflammation, endothelial dysfunction, and thrombosis. The link between
persistent constipation and elevated cardiovascular risk becomes clearly apparent
because of this relationship.

Systemic Inflammation

The connection between constipation and cardiovascular risk exists mainly
through chronic low-grade inflammation, which occurs because of increased gut
permeability. The delayed movement of intestines in constipation causes changes
in microbial environments and damage to gut lining structures. The weakened gut
barrier allows bacterial fragments, including lipopolysaccharides (LPS), to pass
through into the bloodstream [32]. The circulating molecules activate the immune
system to produce inflammatory cytokines after they enter the bloodstream. The
prolonged immune system activation from this process leads to blood vessel dam-
age, which results in the formation of atherosclerosis [33]. Research conducted
recently discovered that chronic constipation leads to the accumulation of linoleic
acid metabolites, which trigger inflammation. The compounds disrupt immune
regulation through their suppression of regulatory T cells and their attraction of
pro-inflammatory macrophages [34]. The inflammatory process enhances the risk
of developing colitis while simultaneously making the body more susceptible to
this condition. The reduction of gut function triggers multiple biological reactions
that damage gut barriers while creating inflammation and raising cardiovascular
risks.

The prolonged stasis in constipation causes changes in microbial composition
and damages the intestinal lining, which enables lipopolysaccharides (LPS) and
other bacterial fragments to pass through the mucosal wall much like a fortress
collapsing from within [32]. Animal research demonstrates that dysbiosis caused
by constipation leads to increased gut permeability and elevated circulating cyto-
kines and inflammatory markers, which worsens the severity of encephalomyelitis
and colitis [34]. The human evidence base consists mainly of observational stud-
ies. The connection between constipation-related systemic inflammation and car-
diovascular events remains unclear because researchers have not established de-
finitive proof.

Vagal Nerve and Straining Effects

Constipation triggers heart rhythm risks through straining mechanisms, which
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many people perform during bowel movements. The Valsalva maneuver that oc-
curs during straining produces similar effects as bowel movements do. The simple
action creates noticeable effects on heart rhythms through vagus nerve activation,
which may lead to bradyarrhythmias or severe cardiac incidents. The act of strain-
ing leads to an initial fast rise of chest pressure, which then reduces heart blood
return for a brief period. The body reacts to maintain blood pressure stability by
initiating a brief increase of sympathetic nervous system activity, which activates
the “fight-or-flight” response [35]. The prolonged pressure increase activates bar-
oreceptors that function as specialized pressure sensors located in the carotid ar-
tery and aorta. The protective reflex of baroreceptors causes the vagus nerve to
activate and slow down the heart rate through the parasympathetic (“rest-and-
digest”) nervous system. Vagal-induced bradycardia represents the heart rate re-
duction that occurs from this slowing [35]. Studies conducted on animals have
clearly shown this phenomenon. The researchers in Hotta et al (2009) used vagus
nerve stimulation to observe major heart rate deceleration in rats along with oc-
casional cardiac arrest [36]. According to Thompson ef al. (1998), strong vagal ac-
tivation of dogs and pigs through electrical stimulation resulted in substantial
heart rate reductions that could produce dangerous cardiac arrhythmias [37]. Stud-
ies have shown that the relationship between sympathetic and parasympathetic
systems becomes complex during changes in blood pressure. Research conducted
by Kollai et al. (1978) showed that heart atria stretching resulted in initial sympa-
thetic activation, which later shifted to increased parasympathetic (vagal) activity
[38]. The relative strength between different branches of the nervous system de-
termines the probability of dangerous cardiac events from straining. Straining due
to constipation leads to vagus nerve activation, which causes dramatic heart rate
slowing. Such vagal activation occurs mostly without consequences, yet it may
cause fatal cardiac problems in individuals with cardiovascular problems.

The process of straining during bowel movements represents a four-stage phys-
iological process which most people overlook. The process starts when intra-tho-
racic pressure increases before venous return decreases and sympathetic activa-
tion occurs. The baroreceptors located in the carotid and aortic arches trigger a
vagal counter-response, which leads to heart rate deceleration [35]. Studies in-
volving animals demonstrate that vagal stimulation produces severe heart rate
slowing, which can result in complete cardiac stoppage [36] [37]. Research con-
ducted on humans supports the physiological mechanisms that the American Heart
Association has identified as a primary cause of arrhythmias in vulnerable patients
[39]. The vagus nerve functions as both a conductor and a culprit because it main-
tains rhythm or creates arrhythmia [40].

Increased Intra-Abdominal Pressure

Constipation creates cardiovascular health risks through its effect on increasing
the pressure inside the abdomen, which medical science defines as intra-ab-
dominal pressure (IAP). The constant straining associated with constipation pro-

duces elevated abdominal pressure that reaches substantial levels. The medical
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community considers abdominal pressure to be normal at low levels, yet they start
to worry when it exceeds 12 mmHg. A pressure higher than 20 mmHg results in
abdominal compartment syndrome, which causes organs to malfunction due to
compression [41]. The mechanism operates as follows: Your abdominal pressure
increase forces pressure into your chest cavity, which in turn increases the pres-
sure surrounding your heart and lungs (intrathoracic pressure). The increased
pressure makes it difficult for veins to send blood to your heart, thus decreasing
the heart’s pumping ability [42]. This elevated pressure has the potential to affect
brain vein pressure among other things [43] [44]. Your abdomen contains veins,
with the inferior vena cava being the largest, which gets compressed by increased
pressure. This compression blocks blood circulation, which results in blood con-
gestion. Fluid retention and deteriorating blood pressure occur because kidney
function declines when they become congested [45]. High abdominal pressure in
your body triggers the release of vasopressin hormones, which tighten blood ves-
sels to increase blood pressure levels. The body responds through the Cushing
reflex, which functions as a protective but dangerous mechanism because elevated
abdominal pressure causes head pressure to increase [46]. The act of repeated
straining from constipation produces changes in abdominal and chest pressure,
which intensifies the strain on heart blood vessels. The management of abdominal
pressure holds critical importance for people with heart disease risk factors.

The repeated strain on the body produces more than short-term pain because
it leads to increasing intra-abdominal pressure (IAP), which modifies cardiovas-
cular patterns. The increasing abdominal pressure compresses the inferior vena
cava, which reduces venous return and cardiac output in a manner similar to how
stepping on a garden hose reduces water flow [42]. Research involving human
subjects and animals demonstrates that elevated IAP generates thoracic pressure
while impairing renal perfusion and triggering neurohormonal responses through
vasopressin release and Cushing reflex activation [47]. The cardiovascular system
and brain experience increased stress because of these changes, especially among
patients who have unstable hemodynamics.

Electrolyte Abnormalities Acquired from Medications

Patients who take laxatives and diuretics to treat constipation or fluid retention
experience hypokalemia when their potassium levels drop below 3.5 mmol/L. A
slight decrease in potassium levels seems harmless, yet it elevates the risk of de-
veloping dangerous heart rhythms, which are called arrhythmias. The electrical
activity of heart cells depends heavily on potassium to function properly. The
heart becomes more susceptible to arrhythmias when potassium levels decrease
below a certain threshold. The sodium-potassium pump (Na/K-ATPase) operates
as a vital controller to maintain heart cell electrical stability. The weakened oper-
ation of this pump by hypokalemia leads to sodium accumulation inside the cells
[45]. The sodium accumulation triggers more calcium entry into the cells by acti-
vating another exchanger mechanism. When heart cells contain too much cal-

cium, they generate abnormal electrical signals known as early afterdepolariza-
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tions (EADs) and delayed afterdepolarizations (DADs), which create dangerous
heart rhythms [48]-[50]. Low potassium levels create electrical instability in heart
cells, which becomes a serious problem. The heart cells need longer to recover
from each heartbeat when potassium levels are low because action potential dura-
tion extends in such conditions. The heart’s electrical signals get stuck in a con-
tinuous loop because of this phenomenon, which produces severe arrhythmias,
including ventricular tachycardia and ventricular fibrillation [51]. According to
the American Heart Association clinical guidelines, hypokalemia directly causes
severe heart rhythm problems that include premature ventricular contractions
(PVCs), ventricular tachycardia (VT), torsades de pointes (TdP), and ventricular
fibrillation (VF) [52]. The development of these arrhythmias elevates the risk of
cardiac arrest and sudden death, particularly among patients who already have
heart conditions. The common laxatives and diuretics prescribed for constipation
have the unintended side effect of creating dangerously low potassium levels in
patients. When potassium levels decrease, heart cells develop electrical instability,
which creates conditions that can result in severe, life-threatening arrhythmias.
Constipation exists as a solitary condition only in rare instances. The use of
laxatives and diuretics as treatments leads to a widespread decrease in serum po-
tassium levels below 3.5 mmol/L. The heart’s electrical system depends on potas-
sium to maintain stability despite its seemingly insignificant nature [48]. Research
conducted on animals and cells demonstrates that low potassium levels damage
the sodium-potassium pump (Na*/K*-ATPase) and disrupt calcium homeostasis
while producing early and delayed afterdepolarizations, which may develop into
ventricular tachycardia or fibrillation [50]. The American Heart Association iden-
tifies hypokalemia as a primary cause of dangerous arrhythmias, which include

torsades de pointes and sudden cardiac death [52].

7. Methodological Limitations in the Current Evidence Base

Existing literature presents various limitations that can affect the validity of the
results achieved. Dong et al. reports a study investigating the link of cardiovascu-
lar disease and constipation through a Mendelian Randomization study, consist-
ing of an analysis of the method used. This discussion of Mendelian Randomiza-
tion considers the ability of the method to independently evaluate constipation on
outcomes of cardiovascular conditions without confounding variables influencing
the results [13]. Drawbacks mentioned include a limited number of genetic mark-
ers that were associated with significance along with a population that was Euro-
centric, preventing further generalizability [13]. Thus, such Mendelian Random-
ization studies are beneficial to use for providing causal association of constipa-
tion and cardiovascular conditions, however, significance and wider application
must be considered.

Studies performed on a population with pre-existing conditions were also ana-
lyzed for a connection among constipation and cardiovascular risk. For instance,

the condition of post-menopausal women was chosen as a point of interest in an-
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alyzing constipation and cardiovascular risk. However, the study conducted by
Salmoraigo-Botcher ef al, indicated that there were several confounding variables
that may have been attributed to hormonal changes or other physiological changes
that can contribute to cardiac conditions [53]. Additionally, certain self-reported
data in regards to family history, diet, and physical activity were unverified or re-
duced to a “yes or no” option, limiting the scope and reliability of the information
gathered [53]. Continuing the discussion of diet, physical activity, and pre-exist-
ing conditions, the investigators retrieved the information from participants and
utilized it as a baseline to reduce potential for covariates. Additional factors af-
fecting cardiovascular risk such as demographics, mental health, and family his-
tory were recorded from responses to an initial questionnaire, taken at baseline,
and accounted for in analysis and presentation of results by statistical means of
chi-square and Kruskal-Wallis tests. While the study adjusted for certain factors
that were confounding, not all factors were mentioned and accounted for.

Most clinical studies performed in examination of constipation and cardiovas-
cular conditions are centered around a particular population. In assessing the risk
of constipation in a cohort study, the focus remained on the Danish population,
within a specific hospital, providing difficulties when considering the applicability
of the results in a broader scale [4]. The study adjusted for cardiac and constipa-
tion conditions, lifestyle factors, and medications associated with the aforemen-
tioned, improving validity of the results. However, physical inactivity and dietary
habits were not adjusted for, impacting the reliability of the results and reducing
generalizability in application to a wider population. Lifestyle factors such as obe-
sity were deemed as in weak association with constipation and was not considered
impactful to the results, despite its known correlation to cardiovascular disease.
Additionally, the presence of surveillance and detection bias can skew findings
considerably. Acknowledgement of the bias was accompanied with minimization
of the bias due to acute onset and severe clinical course, yet a majority of the con-
ditions tested for are characterized by those very terms, making it difficult to as-
sign validity to the claims mentioned.

Consistently, the studies conducted have maintained a focus on European and
American populations, which have a vast diversity from populations across the
globe. A significant issue that arises from global scale studies is the large amount
of variances that can occur in terms of lifestyle and environment, ultimately re-

sulting in potential for increased or maintained confounding variables.

8. Clinical Implications and Management Approaches

Constipation has been associated with multiple cardiovascular events. Intestinal
microbiota changes can induce blood pressure rise, atherosclerosis, congestive
heart failure, atrial fibrillation, acute coronary disease, and aortic dissection [16].
The mechanism by which constipation induces hypertension is through increased
water absorption and inflammation, as well as excessive straining, acutely increas-

ing blood pressure by up to 70 mm Hg [19].
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Fiber plays an important role in improving gastrointestinal and cardiovascular
outcomes. Soluble fiber foods include gums, pectin, starches, and fructans, which
are mainly present in fruits, vegetables, barely, and oats [54]. Soluble fiber exerts
its effect by improving gut health as well as regulating blood sugar. Soluble fibers
undergo fermentation, which regulates blood sugar levels via production of short
term fatty acids such as butyrate, which can stimulate insulin secretion and insulin
sensitivity in tissues, subsequently decreasing risk of diabetes [55]. Soluble fiber
fermentation also leads to the production of glucagon-like peptide 1 (GLP-1) and
peptide YY hormones, which inhibit glucagon release and increase insulin sensi-
tivity [56]. Additionally, soluble fiber reduces LDL cholesterol levels by binding
to bile acids and cholesterol in the digestive tract, which promotes their excretion
and prevents absorption in the bloodstream (Purnima Gunness, 2010). Soluble
fiber delays digestion time, which reduces total absorption of fats and cholesterol.
Insoluble fibers mainly comprise cellulose, hemicellulose, brans, whole grains, seeds
and nuts [54]. Insoluble fiber aids in promoting regular bowel movements and
has been shown to help reduce risk of colorectal cancer [55]. Digestive regularity
is promoted through rapid gastric emptying, which leads to decreased transit time
and increased fecal bulk. Insoluble fibers inhibit the growth of cancer cells via
detoxification of carcinogens [57]. Adequate hydration is another key factor that
aids in preventing constipation. Water increases intestine volume, which aids in
bowel movement stimulation. Hydrating with about 1.5 - 2.0 liters/day along with
daily fiber intake of 25 g can increase stool frequency [58].

Osmotic laxatives aid stool passage by drawing water into the intestines to make
the stool softer. Common osmotic laxatives include polyethylene glycol (PEG),
lactulose, glycerin, magnesium hydroxide (milk of magnesia), sorbitol, magne-
sium phosphate, sodium phosphate, and castor oil. Generally, these agents work
within 6 - 12 hours and commonly cause bloating, diarrhea, and gas [59]. Compi-
lations of osmotic laxative use include electrolyte imbalance and dehydration.
Hypokalemia (low potassium) as a result of osmotic laxative use can lead to dan-
gerous arrhythmias including, atrial flutter, atrial fibrillation, torsades de pointes,
ventricular fibrillation, and ventricular tachycardia [60]. Excessive dehydration as
a result of osmotic laxative use causes the heart to work harder, which can lead to
elevated heart rate and palpitations. Additionally, lowered blood volume from de-
creased fluid intake leads to thicker blood, which causes increased work on the
heart to pump blood. Stimulant laxatives stimulate large intestine nerves, which
aids muscle contraction to push stool through the colon. Common stimulant lax-
atives include senna, bisacodyl, and sodium picosulfate. These agents induce bowel
movements within 6 - 12 hours and the most common side effect is abdominal
pain. Hypokalemia is a complication of stimulant laxative use as well, which poses
risk for serious cardiac adverse events. Agents that contain sodium should be used
with caution in patients with heart failure because sodium causes water retention,
which increases blood volume and pressure. The heart has to work harder to

pump blood and the overall strain leads to further exacerbation of heart failure.
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Physical activity plays a role in relieving constipation by decreasing time food is
spent in the large intestine. This limits excessive body absorption of water from
the stool, allowing softer stools to pass [60]. Acupuncture relieves constipation
through peristalsis stimulation, stress reduction, colonic smooth muscle thicken-
ing, and vagus nerve stimulation [61].

Ultimately, shared decision making between patients and their providers is es-
sential to maintaining trust. Patients should be informed of risks and benefits of
treatment with anti-constipation agents and each plan should be uniquely tailored
to the patient’s medical history. Elderly patients with constipation that have
comorbid cardiac conditions are at even greater risk of complications with medi-
cal therapy and should be given alternative therapy options that do not pose seri-

ous risk of cardiac events, such as acupuncture.

9. Research Priorities and Future Directions

The presence of current ongoing studies to investigate the relationship between
constipation and cardiovascular disease is essential. However, there is still a lack
of randomized controlled trials and high-quality Mendelian randomization (MR)
studies to draw a clear conclusion. Previous data includes MR studies that suggest
associations between constipation and the risk of atrial fibrillation but not other
CVDs, such as coronary artery disease [13]. Further studies can continue measur-
ing constipation and CVD as Mendelian randomization, supplying more data to
replicate the current studies. A limitation of many of these previous studies in-
cludes underlying diseases that may lead to CVD that do not include constipation,
as well as patient self-reporting that may not be standardized among all partici-
pants.

Future mechanistic studies can help us better understand the gut microbiome’s
role in constipation and cardiovascular risk. Previous case studies have indicated
that pathogenic gut microbiota can lead to an increased risk of hypertension and
eventual cardiovascular events [62]. Clinical studies and the utilization of fecal
tests that measure the amount of pathogenic microbiota can help standardize the
microbiome and test for inflammatory cytokines caused by bacteria, parasites, or
viruses. A longitudinal study can help determine a clinical correlation between
constipation and CVD. Additionally, more studies that include fecal transplanta-
tion can potentially reduce constipation and, therefore, potentially reduce the risk
of CVD [61]. Treatment of gut dysbiosis may prove functional in reducing the
risk of constipation and other adverse effects. Other causal links, including vascu-
lar effects of constipation, may also explain changes to the intestinal microbiome
[16]. Overall, it is essential to continue mechanistic studies of the gut microbiome
to determine if constipation and gut dysbiosis influence various organ systems.

Further investigation can also include studying target populations that are at
risk of cardiovascular disease, including older populations, diabetics, those with
hypertension, and those with current CVD. For example, those with Type 2 dia-

betes had an increased risk of cardiovascular disease if they also had constipation,
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where 27 percent of those with constipation had CVD, and 13% without consti-
pation had CVD [23]. To further this study, examining intervention outcomes,
such as the treatment of constipation reducing cardiovascular events or mortality,
would be beneficial. Data can be collected as a longitudinal study, where patients
with Type II diabetes or any target population, such as older populations or hy-
pertensives, are examined over time to determine if reducing constipation symp-
toms early leads to decreased cardiovascular events. Finally, it is crucial to stand-
ardize uniform criteria in defining constipation and cardiovascular outcomes. To
achieve this, the duration of the constipation event can be monitored, as well as
Rome criteria. Cardiovascular events can also be standardized, including lab cho-
lesterol values or troponin values during a myocardial infarction. These efforts
will help to better understand the clinical correlations and intervention outcomes
between constipation and cardiovascular disease, emphasizing the importance of
gut health.
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