THERAPEUTIC ADVANCES in
Gastroenterology

Review

Review article: do stimulant laxatives
damage the gut? A critical analysis of
current knowledge

Peter Whorwell"=", Robert Lange and Carmelo Scarpignato

Abstract: Stimulant laxatives are well established as first- or second-line treatments for
constipation and although they have a reliable therapeutic effect, alleged safety concerns still
exist, particularly with long-term use. The potential harmful effects on the gastrointestinal
system (including carcinogenicity) of the long-term use of diphenylmethane [bisacodyl,
sodium picosulfate (SPS]] and senna stimulant laxatives were assessed in a comprehensive
review of the publications identified in literature searches performed in PubMed and Embase
up to and including June 2023. We identified and reviewed 43 publications of interest.

While stimulant laxatives at supratherapeutic doses have been shown to cause structural
alterations to surface absorptive cells in animals and humans, these effects are reversible
and not considered clinically relevant. No formal long-term studies have demonstrated

morphological changes in enteric neural elements or intestinal smooth muscle with bisacodyl

or SPS in humans. Furthermore, there is no convincing evidence that stimulant laxatives are
associated with the development of colon cancer, and in fact, chronic constipation itself has
been reported to potentially increase the risk of colon cancer, therefore, the use of stimulant
laxatives might reduce this risk. Many studies suggesting a possible harmful effect from
laxatives were limited by their failure to consider confounding factors such as concomitant
neurological disease, metabolic disorders, and age. These findings highlight the lack of
evidence for the harmful effects of laxatives on the colon, and thus, the benefits of treatment
with stimulant laxatives, even in the long-term, should be reconsidered for the management
of patients with constipation.

Plain language summary
Do stimulant laxatives damage the gut?

Stimulant laxatives are widely used treatments for constipation that work by causing the
muscles in the gut to contract and so move stool more effectively. Examples of these
treatments include senna, bisacodyl and sodium picosulfate. Treatments such as these
are typically available without a doctor’s prescription and have a long history of helping
people relieve their constipation. However, some concerns have been expressed about the
safety of these treatments, particularly when they are used for a long time. We did a critical
review of published studies of the safety of stimulant laxatives to try to find out whether
there is any strong evidence for harm being caused by these treatments. We found 43
papers with information on the gut safety of stimulant laxatives. These studies looked at
whether the treatments are associated with changes to gut structure or function and at
whether there might be a link between these treatments and bowel cancer. Unfortunately,
many of the studies were of poor quality. For instance, they did not look for things, in
addition to the laxatives, that could have affected the results, such as the age of the
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serious problems emerging.

patients, other medications they were taking or whether they had other health conditions
that might have affected the bowel. Also, the populations in which the studies were done
differed a lot, so they were hard to compare with one another. However, we did not find any
strong evidence suggesting that stimulant laxatives damage the gut or cause cancer. We
therefore concluded that the harms associated with stimulant laxatives are likely to have
been overstated, and that patients should not be denied the benefits of stimulant laxatives
for constipation, especially as they have been on the market for a very long time with no
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Introduction

Stimulant laxatives, including bisacodyl, sodium
picosulfate (SPS), and senna, are effective in treat-
ing constipation.!-8 These agents act by increasing
intestinal motility and secretion through a local
effect on the nerve plexus and smooth muscle of
the intestine and are well established as first- or
second-choice constipation treatments,® 16 either
alone or in combination with bulking or osmotic
laxatives such as polyethylene glycol (PEG) or
milk of magnesia.%11,14:17.18

At the recommended doses, the potential risk of
major side effects with these agents (e.g. dehydra-
tion or electrolyte disturbance) is negligible.!!
The most frequently reported electrolyte distur-
bance is hypokalemia; however, this is only asso-
ciated with misuse or abuse of laxatives or use of
laxatives for colon cleansing.!® While bulk-form-
ing agents, softeners, and osmotic laxatives are
well accepted for long-term use, safety concerns
have been raised about the long-term use of stim-
ulant laxatives.?® Some studies have indicated
that bisacodyl, SPS, and senna may lead to struc-
tural damage to surface epithelial cells,?! the
myenteric plexus, and intestinal smooth mus-
cle,20-23 leading to impaired colonic function.2425
There has also been speculation that these laxa-
tives might cause colon and other forms of
cancer.6-26-28

Phenolphthalein was used as a laxative until the
1990s, when animal studies suggested that it
might have carcinogenic potential, leading to its
withdrawal. Phenolphthalein has some structural
similarities to bisacodyl, which led to bisacodyl,
senna, and other stimulant laxatives being

reclassified by the Food and Drug Administration
(FDA) from category I (monograph) to category
III (more data needed) agents. Bisacodyl and
senna were later restored to category I status after
further studies demonstrated the lack of genotox-
icity and carcinogenicity of these agents.

Although stimulant laxatives have a reliable ther-
apeutic effect and are among the most widely
used medications worldwide, alleged safety con-
cerns still exist,?® which may deprive some
patients of an effective long-term treatment
modality for their constipation.?!:2° While bisaco-
dyl, SPS, and senna have a long post-marketing
use as over-the-counter laxatives,!»>2¢ current lit-
erature has not been systematically scrutinized in
depth, especially regarding the quality of the
studies claiming potential harm to the lower
intestine. Therefore, the present review aimed to
address this knowledge gap and critically analyze
available data regarding whether these laxatives
might potentially damage the colon or cause
colon cancer.

Methods

Literature searches for articles in English were
performed in PubMed and Embase up to and
including June 2023 without chronological
restriction and using the search terms ‘stimulant
laxatives (cathartics)’, ‘bisacodyl’, ‘SPS’, and
‘senna’ in combination with ‘chronic disease’
[Medical Subject Headings (MeSH) terms],
‘constipation/drug therapy’ (MeSH terms), and
‘chronic constipation’. These terms were searched
in various combinations, that is, with constipation
including drug therapy (including dosage and
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administration), metabolism, morphological
changes, chronic disease, intestinal mucosa ultra-
structure, gastrointestinal motility (including
drug effects and colon diagnostic imaging/case-
control studies), and in combination with the
terms ‘colorectal’ and ‘renal neoplasms’ and
related topics and terms ‘adverse effects of stimu-
lant laxatives’, ‘myenteric plexus/drug effects’.
The topic ‘bowel preparation or bowel cleansing’
was expressly excluded.

The searches yielded 68 results in PubMed and
126 in Embase. Publications were considered rel-
evant for inclusion if they covered a case report or
a study containing treatment safety-related infor-
mation. Studies were selected if they reported on
preclinical or clinical aspects of epithelial, mor-
phological, or anatomical alterations of the intes-
tinal wall and enteric nervous system (ENS),
potentially attributable to long-term or chronic
intermittent treatment with stimulant laxatives,
including senna and sennosides, diphenylmeth-
anes including bisacodyl, SPS, and also phenol-
phthalein. Reports mentioning these alterations
were considered as they might subsequently result
in functional impairment, genotoxicity, and carci-
nogenicity. Duplicates were removed, and those
publications that did not report any clinically rel-
evant morphological changes of enteric neural
elements or intestinal smooth muscle in response
to long-term or chronic intermittent treatment
with stimulant laxatives were excluded.

In addition, a series of studies associated with the
development of bisacodyl were included in our
analysis, even if they had not all been published.
These assessed the non-clinical toxicology3® and
the genotoxic, mutagenic, and carcinogenic
potential of bisacodyl (Data on File), and some
included a comparison with phenolphthalein.3!

Results

Overall, 43 papers were reviewed in depth (24
reported preclinical/in vitro studies and 21
reported clinical studies) from 1968 to 2022
(Figure 1). Two papers3233 reported preclinical
and clinical studies. These publications were
evaluated for information on the effects of long-
term treatment with bisacodyl or SPS, senna, or
phenolphthalein on the following: morphological
alterations of the intestinal wall; damage to the
ENS:; intestinal functional impairment; genotox-
icity; or carcinogenicity.

A summary of the findings from preclinical and
clinical studies is provided in Tables 1 and 2, with
further details of the evaluated studies provided
in Supplemental Tables 1 and 2.

Preclinical toxicology studies

Clinical observations of melanosis coli or pseu-
domelanosis coli (PMC) following long-term
anthraquinone use have raised the possibility that
such conditions might translate into mucosal
damage and subsequent tumorigenesis. Bisacodyl
and SPS have also come under suspicion because,
like senna and sennosides, diphenylmethanes
exert a stimulant and secretory effect and may
cause intestinal epithelial changes.31:44:54-58 In our
analyses, most preclinical studies were acute/
short duration and investigated the potential of
study treatments to damage the intestinal mucosal
wall or to cause cancer. In two studies investigat-
ing long-term mucosal alterations of mouse jeju-
num and colon with sennosides versus a compound
known to induce liver and colon tumors in mice,>®
and tumors in the large intestine of rats,®® myen-
teric plexus abnormalities were seen only in ani-
mals treated with the compound known to induce
tumors,®! suggesting that sennosides do not cause
gastrointestinal injury.%?

In a rat study, long-term treatment with senno-
sides or SPS did not induce chronic changes in
colonic motility.5% In several toxicity studies,
sennosides were well tolerated in rats, mice, and
dogs, with no specific toxicity to the intestine
reported.3> However, in another rat study, sen-
nosides (but not SPS) at high doses and after
long-term dosing, reduced neuropeptide levels
in the muscularis externa of the descending
colon (considered to be a surrogate marker for
impact on intestinal structures, including the
ENS).57

An unpublished expert report by the original mar-
keting authorization holder for bisacodyl summa-
rizing toxicity study findings concluded that
teratology studies showed bisacodyl to be unlikely
to cause deformities. Bisacodyl has low toxicity in
animal studies, with the intestine being the target
organ (bisacodyl enhances peristalsis in the
colon). Bisacodyl has not been shown to affect
the liver, kidneys, heart, circulation, respiration,
or sodium, potassium, or hematocrit levels, even
at high doses, which may be attributable to its low
bioavailability (Data on File).

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17

Publications considered relevant for gut safety topic
(n=43)

Reporting preclinical (toxicological)
studies and findings
(n=24%)

Reporting clinical studies and case reports
(n=21%)

- On senna (sennosides)
(n=20)

—> On senna (sennosides)
(n=1)

Inflammation, morphological
changes neuronal damage,
impairment of colonic function
(n=6)

- On bisacodyl, SPS
(n=6)

- On bisacodyl, SPS
(n=5)

Phenolphthalein and
carcinogenicity

(n=3)

—> On phenolphthalein
(n=2)

—> On phenolphthalein
(n=4)

Colorectal cancer and
other neoplasia
associated with laxatives

—> Laxative not specified**
or constipation only
(n=12)

(n=13)

Figure 1. Publications included in the analysis.

*Two papers each reported preclinical and clinical studies; some studies reported on more than one compound of interest.

**Individual laxatives were not defined in some publications.
SPS, sodium picosulfate.

Genotoxicity studies

Genotoxicity refers to the ability of harmful sub-
stances to damage genetic information in cells.%3
In contrast, mutagenicity refers to the ability of a
compound to induce a permanent change in
DNA structure, that is, a genetic mutation.®?
Regarding genotoxicity, in an analysis of data
from rodent and human metabolism and muta-
tion studies with senna, most studies showed no
effects, although results from some studies>9-00,64
suggested that components of senna products,
particularly emodin and aloe-emodin, may have
some genotoxic activity. However, response
extrapolation estimates supported the conclusion
that there are no safety concerns for senna prod-
ucts in humans.3® Heidemann ez al.3* summarized
the results of a number of i vitro and n vivo
investigations which included genotoxicity/muta-
genicity tests with fructus sennae, senna extract,
sennosides, rhein (active metabolite of senno-
sides), and aloe-emodin. An extract of senna and
aloe-emodin was genotoxic in some 1 vitro test

systems, but no genotoxic effects were found in
the in vivo tests. Fructus sennae, the sennosides,
and rhein did not show any genotoxic effects
either i wvitro or in vivo.3* Mengs also reported
that sennosides had no mutagenic activity in sev-
eral test systems.3> Stoll er al.3! reported on the
genotoxic and carcinogenic responses to phenol-
phthalein and bisacodyl based on an extensive
body of unpublished mutagenicity data reflecting
results of a number of preclinical studies. These
studies, including a repeated dose micronucleus
assay®® and Chinese hamster ovary cell mutation
tests did not detect any mutagenic potential for
bisacodyl. Bisacodyl and phenolphthalein were
subsequently investigated in the Syrian hamster
embryo assay and in the heterozygous p53+/—
transgenic mouse. Collectively, these tests indi-
cated that, while phenolphthalein has some
carcinogenic potential, there was no evidence of
carcinogenic potential for bisacodyl, with no
treatment-related neoplasia observed. Moreover,
bisacodyl was non-clastogenic.3!
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Inflammation, morphological changes, and
neuronal damage, including impairment of

colonic function

Histological changes in the myenteric plexus in
mice exposed to bisacodyl at high doses have
been reported. Infusion of bisacodyl was found to
alter the morphological appearance of mucosal
cells of the rat intestine, and it was suggested that
the laxative effect of bisacodyl is related to a
reduction of intestinal water absorption second-
ary to changes in surface absorptive cells of the
colon.?8

Carcinogenicity studies

A carcinogen refers to a compound capable of
causing cancer.” With regards to carcinogenicity,
a study by Toyoda er al.5% in rats found that cell
proliferation in almost the entire intestinal epithe-
lia was induced by danthron, sennoside A, and
bisacodyl in a dose-dependent manner.
Conversely, another study in Sprague-Dawley
rats did not find any association between long-
term (2-year) administration of senna and dam-
age to the myenteric plexus or the development of
gastrointestinal, liver, renal, or adrenal tumors.3°
Similarly, a study in rats found that sennoside,
bisacodyl, SPS, or lactulose had no significant
effect on ileal or colonic epithelial cell prolifera-
tion after up to 12weeks of continuous treat-
ment.’® Furthermore, the National Toxicology
Program reported that emodin was not carcino-
genic in rats and mice.3?

In order to unmask any tumor-promoting effect
of stimulant laxatives, some studies co-adminis-
tered tumor-enhancer substances. In one study
measuring the induction of aberrant crypt foci
(ACF) in rat colon mucosa as a surrogate marker
for a carcinogenic effect, senna, and cascara in the
presence of the potent tumor-enhancer 1,2-dime-
thyl-hydrazine were found to be weak promoters
of carcinogenesis at the highest doses applied.®®
In a model of dimethyl-hydrazine-induced colo-
rectal tumors, aloin- or sennoside-enriched diets
(0.03%) did not promote the incidence and
growth of adenomas and carcinomas after
20weeks, and no significant changes in serum
electrolytes or markers of hepato- or nephrotoxic-
ity were observed in aloin- or sennoside-fed
mice.%? In a study with azoxymethane in healthy
rats, senna pod extract for 110weeks reduced the
development of ACF and tumors.#! The authors

suggested that chronic use of senna extract may
have protected the gut wall from carcinogenesis.*!
Corroborating these results, no alterations in the
colonic nervous plexus, increase in cell prolifera-
tion, or treatment-related neoplastic changes in
the large intestine were observed when senna was
administered for up to 2years in Sprague-Dawley
rats.%?

The US National Toxicology Program tested
senna in a genetically modified mouse strain that
develops tumor responses more rapidly than
standard mice. In this 40-week study, there was
no evidence of carcinogenic activity in mice
exposed to senna, although it did appear to induce
epithelial hyperplasia of the large intestine (colon
and cecum).43:69

The carcinogenic potential of supratherapeutic
doses of bisacodyl and of cascara was investigated
in rats.* While bisacodyl had no effect when
administered alone at either dose, there was an
increase in the number of crypts per focus (but
not in the number of tumors) when it was co-
administered with azoxymethane. Of the nine rats
that received a highly supratherapeutic dose of
bisacodyl together with azoxymethane, 78%
developed tumors.4*

Dunnick and Hailey have reported multiple carci-
nogenic effects in rats and mice with phenol-
phthalein, which was used as a stimulant laxative
in the past. In toxicology studies, it increased the
incidence of ovarian, adrenal, renal, and hemat-
opoietic neoplasms. Ovarian lesions (stromal cell
hyperplasia and stromal cell tumor) were seen at
the lowest dose administered to female mice over
2years.”? The authors stated that phenolphtha-
lein has estrogenic and clastogenic properties and
is a multisite/multispecies carcinogen, with the
ovary being a site of particular concern for the
development of neoplasms.

Clinical studies and case reports

Inflammation,  morphological  changes, and
neuronal damage, including impairment of colonic
function (cathartic colon]. The first case of neuro-
nal impairment was reported in 1968 in a woman
who had misused senna for 40 years.32-33 Damage
to the myenteric plexus was initially described as
caused only by senna; however, these changes
were subsequently ascribed to other stimulant
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laxatives, including bisacodyl.22:23 Bisacodyl and
other stimulant laxatives were also implicated in
damage to the ENS,?? altering the anatomical
integrity of the gut, resulting in a loss of haustral
folds (cathartic colon),?? inducing inflammation
of the human rectal mucosa*>»7! and increasing
the risk of colorectal cancer (CRC).27-28 Bisacodyl
enemas (10mg) have been reported to result in
transient injury, inflammation, irritation, or
altered appearance of the rectal mucosa.%571,72
Riemann er al.?? described ENS damage among
35 patients who had consumed extremely high
doses of (predominantly) stimulant laxatives [18
times the recommended dose! for a mean of 13.5
(8-21)years]. The presence of any concomitant
disease was not reported for this group. Electron-
microscopic pathological changes included a
reduction of nerve elements, which was consid-
ered to be a morphological correlate to functional
colonic impairment. Both anthraquinone deriva-
tives and bisacodyl were considered to lead to
reversible degeneration of the submucosal ner-
vous tissue of the ENS, including cathartic
colon.??

Joo er al.?3 also investigated anatomic changes of
the colon in 29 long-term users of bisacodyl, phe-
nolphthalein, senna, or casanthranol observed
over a mean duration of 7.9 (range 1-30) years.
Again, the presence of any concomitant disease
was not reported. Approximately half (45%) of
the patients showed radiographically docu-
mented anatomical changes of colonic redun-
dancy and dilation of colon, with loss of haustral
markings, resulting in a variety of enteric symp-
toms including diarrhea and weakness, metabolic
acidosis or alkalosis, and PMC (cathartic colon).
This paper did not specify how many patients
were taking bisacodyl, SPS, or senna, and no
data were provided on the severity of constipa-
tion in each group. Subsequently, 39% of 18
chronic users of stimulant laxatives who were
studied prospectively were found to have loss of
haustral folds. The authors suggested that neu-
ronal injury or damage to colonic longitudinal
musculature could be caused by these agents if
abused.??

Muller-Lissner described 41 alleged cases of
cathartic colon obtained from 18 papers; all
patients were female and began taking laxatives
between 1910 and 1960. Since 1960, no cases of
cathartic colon have been published, leading to
cathartic colon now being regarded as a historical

entity that is unlikely to occur with modern laxa-
tives. It is thought that the now-withdrawn agent
podophyllin might have been the cause.”

Carcinogenicity associated with phenolphtha-
lein. Evidence suggests that phenolphthalein may
be associated with malignancy in rodents,
although at much higher doses than those used
therapeutically in humans.”® Phenolphthalein has
also been associated with genotoxicity, oxidative
damage, and interaction with estrogen recep-
tors.”’%74 Multiple biological properties of phenol-
phthalein, including its ability to form free radicals
and its clastogenic and estrogenic activity, may
have contributed to the carcinogenic effects
observed. Phenolphthalein was, therefore, with-
drawn from use as a laxative.

However, several studies have indicated that
phenolphthalein is not carcinogenic in
humans,’7¢ although a slight non-significant
risk of ovarian cancer was observed in one
study.”> For example, a prospective study that
analyzed self-reported phenolphthalein use in
patients who were admitted to hospital in the
year following a diagnosis of cancer (z=18,163)
found no association between increased risk of
cancer and phenolphthalein use.”* Similarly, two
population-based case-control studies con-
ducted in eastern and western parts of the USA,
respectively, found that compared to women
who had never used a laxative (=731 and
n=424, respectively), the use of a phenolphtha-
lein-based laxative was not associated with an
increased risk of epithelial ovarian cancer
(n=410 and n=536, respectively).”7% These
observations highlight the limitations of rodent
carcinogenicity studies as being indicative of the
same effect in humans.

Carcinogenicity associated with sennosides, bisac-
odyl, and SPS or with constipation. A 1993 meta-
analysis of 14 case-control studies found a small
but significant risk for CRC associated both with
constipation [pooled odds ratio (OR): 1.48, 95%
confidence interval (CI): 1.32-1.66] and the use
of laxatives (OR: 1.46,95% CI:1.33-1.61).2The
authors suggested that these findings reflected the
confounding influence of dietary habits rather
than the primary influence of colonic inertia or
laxative use. However, this analysis did not look at
different types of laxatives, and the incidence and
mortality rates varied considerably between
regions.26
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Two epidemiologic studies (one retrospective
n=3049, one prospective n=1095) investigated
the presence of PMC as a marker of chronic
anthranoid-containing laxative abuse, including
senna, aloe, cascara, frangula, and rheum, in
patients with adenomas and CRC, with contra-
dictory results.#¢ PMC rate was not increased
among CRC patients (retrospective study), and
PMC incidence was increased among patients
with adenomas but not in those with carcinomas.
However, in the prospective study, PMC inci-
dence was 6.9% for patients with no abnormality
seen on endoscopy, 9.8% (p=0.068) for patients
with adenomas and 18.6% for patients with
CRC. Data from the prospective study showed a
relative risk (RR) for CRC of 3.04 (95% CI:
1.18-4.90) as a result of anthranoid-laxative
abuse. The authors concluded that anthranoid-
containing laxatives (aloe, cascara, frangula, and
rheum) play a role in CRC and they attributed
the observed differences between the retrospec-
tive and prospective study findings to confound-
ing factors such as constipation per se and dietary
factors (low fiber, high fat intake) that increase
the risk for CRC in humans.4% In a recent meta-
analysis of five studies, a significantly higher
prevalence of hyperplastic/inflammatory polyps
and adenomas was reported in the PMC group
than in the control group, while the incidence of
adenocarcinoma was not significantly different
between the two groups.”” The association of
adenomas with PMC can be explained by the
ease of detection of even tiny polyps as white
spots within a dark-colored colonic mucosa. This
observation is now routinely applied in the
enhanced detection of polyps by endogenous
chromoendoscopy.78-80

Other studies have identified a strong relationship
between constipation and CRC. In 1993, The
Melbourne CRC Study was a large population-
based epidemiological study of CRC incidence,
etiology, and survival.#’” In this study, self-
reported constipation was significantly more
common in those with CRC than among controls
(p=0.05). Commercial-laxative use was similar
among 685 patients with CRC and 723 age/sex-
matched community-based controls. When laxa-
tives were segregated into groups by type
(anthranoids, phenolphthalein, mineral salts, and
others), previous laxative intake was also found to
be similar between patients with CRC and con-
trols. As the controls were not examined by total
colonoscopy, some asymptomatic colorectal

adenomas or carcinomas among the control
group may have been missed. The analysis
showed that family history, previous colorectal
polypectomy, and multiple past stressful life
events, but not laxative use, predicted CRC
risk.47-81 A retrospective case-control study of 424
incident cases of colon cancer and 414 controls
reported a four-fold increased risk of colon cancer
among individuals with frequent constipation.4®
Cumulative lifetime use of commercial laxatives
was also associated with an increased risk of colon
cancer, but this association disappeared when the
results were adjusted for constipation and com-
mercial-laxative use. The authors concluded that
diet may explain much of the international varia-
tion in colon cancer incidence and that individual
differences in colonic function might also have a
role in determining susceptibility.48

A large prospective study of 84,577 women in the
USA also examined the association among bowel-
movement frequency, laxative use, and CRC
risk.4® The data showed that frequency of bowel
movements and laxative use were not associated
with increased incidence of CRC (either for colon
or rectal cancer). After controlling for various fac-
tors, including age, fiber intake, physical activity,
and laxative use, the RRs (95% CI) associated
with having bowel movements every third day or
less, compared with those with bowel movements
once daily, were 0.94 (0.69-1.28) for CRC, 0.88
(0.62-1.26) for colon cancer, and 1.18 (0.63—
2.20) for rectal cancer. Compared with women
who never used laxatives, the multivariate RRs
(95% CI) associated with weekly to daily laxative
use were 1.00 (0.72-1.40; CRC), 1.09 (0.76—
1.57; colon cancer), and 0.68 (0.29-1.57; rectal
cancer).%®

A prospective case-control study in patients with
sigmoid cancer, diverticular disease, and matched
controls confirmed the association of ACF fre-
quency with colon cancer but did not support the
hypothesis of a cause—effect relationship of CRC
with constipation, anthranoid-laxative use, or
PMC.5° However, a strong association between
constipation and CRC and benign colonic neo-
plasia (BCN) was found in a large, retrospective
study of over 100,000 subjects.5! Patients with
constipation displayed a significantly higher risk
of developing CRC than controls, and this risk
increased with the severity of constipation.>!
Regular review by a gastroenterologist and treat-
ment with laxatives appeared to reduce the risk of
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CRC and BCN compared with patients with less
severe constipation.®2 These findings were cor-
roborated by a population-based, case-control
study including 643 cases and 1048 controls.
Constipation (=<3 bowel movements/week) was
associated with an increased adjusted risk of colon
cancer [OR (95% CI) 2.36 (1.41-3.93)].52 The
association was greater for women than for men
[OR: 2.69 (1.46-4.94) wversus 1.73 (0.61-4.88)]
and in black people than in white people. Notably,
there was no association with laxative use, and
commercial-fiber laxatives appeared to exert a
protective effect in a small subgroup.52

Two Japanese studies investigated the association
between constipation or laxative use and CRC
risk.>3:83 In one study of 41,670 subjects, the RR
95% CI) of CRC for constipated subjects
(<1stool/day) compared with those with daily
bowel movements was 1.35 (0.99-1.84); for laxa-
tive-users, the RR was 1.31 (0.88-1.95), and for
frequent users (=2-times/week) the RR was 2.75
(1.48-5.09). When CRC was divided into colon
cancers or rectal cancers, a significant association
of colon cancer alone was found with bowel-
movement frequency.>? In the other study of 212
cases of CRC Dukes’ stage A and 833 community
controls, the adjusted OR (95% CI) of CRC was
1.51 (1.02-2.25) for self-reported constipation,
1.60 (1.05-2.44) for functional constipation, and
1.24 (0.81-1.90) for infrequent bowel move-
ments (<1 stool/day).83

The association among CRC incidence, constipa-
tion, and laxative use was also investigated in
another two studies.?7-28 In the prospective study,
of 75,214 subjects, 558 developed CRC, 413
were laxative nonusers. The hazard ratios (HRs)
for CRC associated with low (1-4 times/year,
n=68) and high (=5 times, n=26) long-term use
(average 10-year non-fiber laxative use) were 1.49
(95% CI: 1.04-2.14) and 1.43 (95% CI: 0.82—
2.28), respectively. The duration of administra-
tion was not differentiated. HRs for CRC were
significantly decreased and were lowest in indi-
viduals who reported using fiber laxatives often
(4+ days/week for 4+ years) wversus those who
reported no use (HR: 0.44 95% CI: 0.21-0.95).%7
In the retrospective study involving almost 9000
subjects, fiber-based laxative use was slightly
more common among controls [4.7% (n=190)
versus 4.1% (n=198)], while non-fiber-based lax-
atives were more commonly used among those
with CRC [1.9% (n=94) versus 1.0% (n=39)].28

Discussion

Structural changes, nerve damage, and

functional impairment of the intestine

Among the possible effects of excessive use of
stimulant laxatives are morphological changes,
neuronal damage, and functional impairment of
the intestine. However, reports of histopathologi-
cal changes and damage to the ENS caused by
stimulant laxatives are scarce and often difficult
to interpret. Although enteric nerve damage and
smooth muscle atrophy have been reported, it is
unclear whether these findings were attributable
to a pre-existing primary motility disorder, con-
comitant disease, or the chronic use of laxa-
tives.2%32 Stimulant laxatives have been shown to
cause structural alterations to surface absorptive
cells in both animals and humans at suprathera-
peutic doses of the medication. However, unlike
constipation itself, as discussed later, these
changes are not associated with any safety con-
cerns as reported in the literature?! and no formal
long-term studies have been conducted on this
concern. PMC, which can sometimes develop
with chronic use of senna laxatives, is a harmless,
reversible pigmentation of the colonic mucosa
without functional relevance.?

In the studies reporting damage to the myenteric
plexus with laxatives,?%23 it was not discussed
whether these findings could have resulted from
autonomic neuropathy, which in most cases is
caused by long-term diabetes or other underlying
diseases. As these conditions typically result in
constipation, these patients often take stimulant
laxatives.84-86 The irritating effect of bisacodyl on
the intestinal structure reported by Saunders
et al.3®% and Meisel er al.”? is transient and attrib-
utable to high local concentrations that are only
achievable when bisacodyl is instilled locally.
Additionally, the studies by Saunders ez al. 3845 are
limited as the doses used were unspecified; also,
Saunders er al. demonstrated damage to the small
intestine with laxatives, which are enteric-coated
and therefore are only released in the colon. While
the retrospective study findings on chronic use of
anthraquinone derivatives and bisacodyl by
Riemann ez al.?2 should be acknowledged, no pro-
spective, controlled studies have demonstrated
morphological changes of enteric neural elements
or intestinal smooth muscle by bisacodyl or SPS
in humans. Furthermore, studies reporting on the
absorption and enterohepatic circulation are
based on bisacodyl solution, not tablets, and
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include doses that are not consistent with those
currently used in clinical practice.38:87

In a review of more than 70 publications describ-
ing 240 cases of stimulant laxative abuse, no cases
of cathartic colon were reported, nor could any
published case of cathartic colon be identified in
which laxative intake started after 1960. Certainly,
no randomized, prospective, controlled studies
have demonstrated morphological changes of
enteric neural elements or intestinal smooth mus-
cle by senna, bisacodyl, or SPS. Nor did the
chronic use of senna cause any structural and/or
functional alteration of the enteric nerves or the
smooth intestinal muscle.?3:8%:8% Thus, the availa-
ble evidence indicates that chronic use of stimu-
lant laxatives is unlikely to damage the colon.2-%0

An important consideration when interpreting
the findings of studies that report potential safety
concerns with stimulant laxatives is that many of
these?2:23:32,38,45 did not control for potentially
important confounding factors such as age and
concomitant diseases. Age is obviously an impor-
tant factor when considering a possible relation-
ship between laxative use and cancer incidence
since both increase with age. Similarly, comor-
bidities (notably diabetes) that are known to
cause constipation affect the ENS and are associ-
ated with the development of damage to the
myenteric plexus.®!-93 Diabetes is associated with
the development of autonomic neuropathy affect-
ing the intrinsic neurons, interstitial cells of Cajal
and smooth muscle, and can result in neuron
loss/dysfunction and subsequent gastrointestinal
complications (constipation has been reported in
up to 60% of diabetics with autonomic
polyneuropathy).8¢

Colorectal cancer

With regard to any potential association between
CRC and laxative use, it should be recognized
that available evidence indicates a link between
constipation itself and CRC risk rather than laxa-
tive use. A meta-analysis by Power ez al.** showed
a significantly increased prevalence of constipa-
tion in subjects with CRC compared with con-
trols without CRC in 17/20 case-control studies,
while another meta-analysis of case-control stud-
ies by Sonnenberg and Miiller found an associa-
tion between constipation and colon cancer with
a pooled OR (95% CI) of 1.48 (1.32-1.66).26 An
association between constipation and CRC was

also found in a large, controlled study®! and in
two case-control studies.*®33 In the Melbourne
CRC study, self-reported constipation was sig-
nificantly more common among subjects with
CRC than in controls (p=0.05).47 It can be pos-
tulated that this association between constipation
and CRC is perhaps attributable to more pro-
longed contact between carcinogens in the lumen
and the intestinal mucosa in subjects with consti-
pation,®2 or it may be the result of factors associ-
ated with constipation, particularly a diet poor in
fiber and vegetables, which has been found to
increase the risk of CRC.5° In line with our cur-
rent study, a recent systematic review on the use
of anthraquinone laxatives reported that it is not
possible to conclude on the association of anth-
raquinone laxatives with CRC due to the lack of
robust studies; thus, there is a need for high-qual-
ity studies to formally test the association of
increased risk of CRC with use of stimulant
laxatives.%

Regarding any link with laxative use, the
Melbourne study found no association between
anthraquinone or phenolphthalein use and CRC
risk,%” and one case-control study found no asso-
ciation with commercial-laxative use after adjust-
ment for constipation.8 Two studies, one
prospective and one retrospective, suggested that
CRC risk increases with non-fiber laxative use
and decreases with fiber laxative wuse.?7:28
However, taking into account the small numbers
of cases with exposure to non-fiber laxatives, the
lack of differentiation among non-fiber laxatives,
and the fact that — compared to fiber laxatives —
the use of non-fiber laxatives was much higher in
patients with low bowel-movement frequency,
the scientific relevance of the conclusions in favor
of fiber laxatives appears questionable. It is nota-
ble that in the prospective study (this was not
described for the retrospective study), the use of
non-fiber laxatives was much higher than that of
fiber laxatives [OR: 6.04 (95% CI: 5.52-6.60)
versus 1.24 (1.10-1.41)] among patients with low
bowel-movement frequency.?” Thus, those sub-
jects who had exposure to non-fiber laxatives
seem to have had a different severity of constipa-
tion, which may suggest differences in the under-
lying treatment condition(s) and medical history,
raising doubts about the comparability of the
patient groups with regard to their CRC risk.

This hypothesis is corroborated by another study
by Lacy er al.,°¢ who found that compared with
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stimulant laxatives (bisacodyl, SPS, senna), other
non-stimulant laxatives (PEG, stool softeners,
bulk laxatives, and wheat dextrin) provided a
lower degree of satisfaction with the medication’s
effect on subjects’ constipation and abdominal
symptoms. Thus, the severity and chronicity of
constipation may have been a relevant confound-
ing factor distorting results of these investiga-
tions. Patients with more chronic or severe
symptoms of constipation may be more likely to
take faster-acting and more potent laxatives and,
at the same time, may have a higher susceptibility
to develop CRC.

Association of phenolphthalein with CRC

In 1997, the US FDA proposed phenolphthalein
to be reclassified as ‘not generally recognized as
safe and effective’ following positive rodent car-
cinogen studies.”%°7 Consequently, phenolphtha-
lein was banned by the FDA, and almost all
phenolphthalein-containing preparations were
voluntarily withdrawn from the market in the
USA and Europe. However, retrospective case-
control studies have not shown any significant
link between phenolphthalein and CRC risk.
Moreover, the reported human data did not
address any potential effect of their very heavy use
or abuse.

Association of anthranoid laxatives with CRC

Although stimulant laxatives induced cell prolif-
eration in a dose-dependent manner in preclinical
studies, and some data suggest that senna and
cascara glycoside might be weak promoters of rat
colon carcinogenesis,®8 it is important to note that
a large proportion of the carcinogenicity demon-
strated in rodents may be an artifact of chronic
cell proliferation induced at the high doses (and
comparatively long durations of exposure, given
the relative lifespans of rodents and humans) used
in routine bioassays.?® This consideration may
explain why more than half of the compounds for
a range of medical conditions examined by the
US National Toxicology Program at the maxi-
mum tolerated dose were deemed to be carcino-
genic.’® Response extrapolation estimates lend
support to the conclusion that experimental data
from rodent and human metabolism and muta-
tion studies do not indicate that oral consumption
of senna laxatives poses systemic risks to somatic
cells of humans.?% This position is supported by
the 2-year carcinogenicity study with a senna

extract in rats, which found no evidence of tumo-
rigenicity in the intestinal tract3®3° and other
Studies.41’58’99’1°°

With regard to clinical studies, while data on the
association between chronic anthranoid-laxative
use and adenoma and CRC promotion were
inconsistent in one study,* the balance of the
study data, including other studies,*”>*8-51 does
not support the hypothesis of a causal relation-
ship between anthranoid-laxative use or PMC8!
and CRC. The study by Borrelli ez al.4! reported
a protective effect of senna from carcinogenesis.

Conclusion

Many years ago, a single case report32 speculating
that stimulant laxatives might cause harm has
resulted in continuing concerns about their safety
and reluctance to prescribe them, especially over
the long term. Some evidence exists of gut wall
mucosal damage and changes of colonic submu-
cosal nerves from small and older, mostly retro-
spective studies where other causes may not have
been excluded. However, no well-controlled pro-
spective clinical studies have demonstrated any
such changes associated with the administration
of diphenyl-methane laxatives, bisacodyl, or SPS
in humans. It remains unclear from uncontrolled
studies whether the reported changes were attrib-
utable to an underlying disease, the primary
motility disorder itself, or if the cause was chronic
use of laxatives. Thus, there is no good evidence
that stimulant laxatives cause structural impair-
ment of enteric nerves or intestinal smooth mus-
cle when used at recommended therapeutic doses.

Similarly, although there is some evidence that
constipation itself may be associated with CRC,
there are no data showing that stimulant laxatives
are an independent risk factor for CRC. While
bisacodyl, SPS, and senna have not been found to
cause CRC or other cancers, even if used long-
term and at high doses, carcinogenic potential
was demonstrated for phenolphthalein when
administered at chronic high doses in animal
studies, resulting in its withdrawal after >100 years
of use. However, carcinogenic effects were never
demonstrated in humans. Given the potential link
between constipation and CRC (which could
result, at least in part, from prolonged contact
between carcinogens in the lumen and the intesti-
nal mucosa), it has been speculated that the use
of laxatives may actually exert some protective
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effect.82 A large, retrospective study reported that
the risk of CRC (and benign neoplasm) increased
with severity of constipation.>! Interestingly, this
study also showed that each indicator of constipa-
tion severity was associated with a significant
incremental risk of CRC, except for patients
under the care of gastroenterologists or those tak-
ing prescription laxatives; that is, the cancer risk
for these patients was similar to the risk in those
with less severe constipation.>! This observation
suggests a potential preventive role for laxatives,
as better clinical management and treatment of
constipation may decrease the risk of CRC.82

In summary, there is a lack of compelling evi-
dence on genotoxicity, carcinogenicity, or harm-
ful effects on the colon associated with the
recommended use of stimulant laxatives in
humans. Many of the studies discussed in this
review were of poor design, using only small sam-
ple sizes and/or lacked control for confounding
factors, and thus, were not highly representative
of the real-world use of stimulant laxatives. This
indicates a need for well-designed epidemiologi-
cal and/or clinical studies to formally address this
research question.

A recent Rome Foundation working group doc-
ument reiterated the recommendation of stimu-
lant laxatives as a first-line intervention for
functional constipation and highlighted that
concerns regarding their long-term safety are
unsubstantiated.!®! Bisacodyl and senna have
been available as branded medications for more
than 70years, and SPS for more than 50 years.
Based on the available data, we conclude that
patients should not be denied the benefits of
these stimulant laxatives, which have been
shown to improve quality of life and are associ-
ated with high patient satisfaction when used for
constipation.192 Qur critical review demonstrates
that there are no significant gut safety concerns
regarding the use of stimulant laxatives based on
clinical observations over the long timeframe
during which they have been available to patients
with constipation. Stimulant laxatives have stood
the test of time in the treatment of constipation
and represent an important component of our
therapeutic armamentarium.
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