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A new mechanism for diverticular diseases:
aging-related vagal withdrawal
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Summary It is widely believed that diverticulosis, a common condition among the elderly, results from repeated
colonic barotrauma related to low dietary fiber and low stool bulk. Recent evidence has challenged the dietary-
barotrauma hypothesis. We propose an alternative hypothesis that diverticulosis may be attributable to colonic smooth
muscle dysfunction that results from vagal attrition associated with aging. We previously proposed that broad aging-
related attrition of autonomic nerves may unmask intrinsic sympathetic bias of end-organs, leading to the compendium
of familiar conditions associated with senility. Unexplained cholinergic hypersensitivity and receptor over-expression in
bowel affected by diverticulosis have recently been observed. These findings are highly suggestive of a compensatory
response to loss of vagal innervation. The resulting autonomic dysregulation may induce bowel smooth muscle
dysfunction, setting the stage for diverticula formation. Thus, diverticular bowel disease may be a manifestation of
the aging-related systemic vagal withdrawal. The framework may extend to diverticula formation in other parts of the
gastrointestinal and genitourinary tracts. For instance, aging-related vagal attrition may represent the common
upstream mechanism that induces both sphincter of Oddi dysfunction and peri-ampullary duodenal diverticula,
conditions that frequently occur together. Novel approaches to preventing and treating diverticular diseases
by promoting vagal activity are proposed including the electrical or pharmacologic modulation of the autonomic
system.

© 2004 Elsevier Ltd. All rights reserved.

Hypothesis herniation that results from repeated colonic baro-
trauma related to low dietary fiber and low stool

It is generally believed that diverticulosis, a com-  Pulk [1,2]. Recently, however, the dietary hypoth-

mon malady of the elderly, reflects mucosal esis has been challenged [3], and questions have
been raised regarding the methods used to measure
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muscle dysfunction that results from vagal attrition
associated with aging.

Evidence for the hypothesis

We previously hypothesized that broad aging-re-
lated attrition of autonomic nerves may unmask
intrinsic sympathetic bias of end-organs, leading
to the compendium of familiar conditions associ-
ated with senility [5]. In this paper, we extend
the concept to diverticular diseases. In the normal
gastrointestinal tract, vagal activity is involved in
the regulation of exocrine function, promotion of
bowel motility, and initiation of feedback signals
to the central nervous system. Vagal signal is car-
ried through cholinergic and muscarinic pathways
while sympathetic signal is carried through adren-
ergic pathways.

Various emerging evidence provides indirect
support for the notion that vagal attrition may play
a role in diverticular bowel disease. For instance,
reduction of choline acetyltransferase activity in
affected bowel has recently been noted [4]. Fur-
thermore, the unexplained enhancement of acetyl-
choline sensitivity and over-expression of M3
receptors in the smooth muscle of affected bowel
would be consistent with compensatory adaptation
to reduced vagal nerve innervation [4,5]. Support-
ing the view of reduced vagal innervation is the
observation that PGP 9-5 immunoreactivity is
diminished in diverticular disease [4]. Reduction
in PGP 9-5, a ubiquitin hydrolase present in axons
or normal neural tissue, is generally seen in areas
of neuronal degeneration [6,7]. The view that attri-
tion of vagal innervation leads to end-organ vagal
hypersensitivity may explain why baseline motility
is normal in diverticular disease, but heightened
colonic motility mimicking irritable bowel syn-
drome is seen post-prandially. Notably, the height-
ened smooth muscle contractions in diverticular
disease have been attributed to cholinergic recep-
tor overexpression, not excess vagal innervation
[8]. In the setting of vagal attrition, dysfunctional
bowel contractions are thought to contribute to
gaps in tissue planes between muscle fibers,
through which mucosal herniations are thought to
occur [9]. That irritable bowel syndrome, another
disease associated with vagal hypersensitivity and
bowel hypermotility, is associated with diverticular
disease is perhaps not surprising [10,11].

This collection of findings is suggestive of re-
duced vagal innervation, but does not explain
why cholinergic innervation diminishes [12]. In
our view, the vagal withdrawal of diverticulosis

may represent a specific local manifestation of
the global withdrawal of vagal innervation from
end-organs during aging, as was recently proposed
[5]. This global phenomenon is likely an evolution-
ary maladaptation that has been unmasked by the
rapid expansion of human lifespan during the last
few centuries [5].

Implications

Additional work is necessary to validate our
hypothesis that age-related vagal withdrawal plays
a role in colonic diverticular disease. A peculiarity
that remains to be explained is the differential dis-
tributions of diverticulosis in the sigmoid colon
among Caucasians and in the cecum among Asians
[13,14]. Is there underlying variation of vagal func-
tion and age-related withdrawal that varies within
an organ system, among different organ systems,
and across populations?

The aforementioned data regarding the associa-
tion of vagal impairment and diverticular disease is
currently limited to colonic diverticulosis. Diver-
ticular disease, however, can occur anywhere in
the gastrointestinal tract. Examples include Zen-
ker’s diverticulum in the esophagus, duodenal
diverticulum, and Meckel’s diverticulum in the
small bowel. Our explanatory model could also be
extended to diverticula formation in areas outside
of the bowel such as the urinary tract, biliary tract
(choledochoceles), and bladder. We are not aware
of any histologic, biochemical, or anatomic investi-
gation examining vagal dysfunction in these types
of diverticular diseases, leaving open the possibil-
ity that vagal attrition may play a role in these sit-
uations as well. Corroborating empirical evidence
is needed to validate the notion that vagal attrition
plays a role in these conditions.

In the case of periampullary duodenal diverticula
(PAD), also called juxtapapillary duodenal divertic-
ula, a physiologic argument could be made to sup-
port the notion that vagal dysfunction plays a role.
PADs are thought to occur due to weakening of intes-
tinal smooth muscle during aging, but the mecha-
nism for the impaired smooth muscle function has
not been explained [15]. Furthermore, a high corre-
lation between sphincter of Oddi insufficiency and
PAD has long been known but an explanation for this
association has been elusive [16,17]. Proposed theo-
ries for the association include compression of the
biliary tract by the diverticulum [18].

Based on our vagal attrition framework, we pro-
pose that aging-related vagal withdrawal may be
the common upstream dysfunction that induces
both sphincter insufficiency and smooth muscle
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abnormalities in the adjacent duodenal wall lead-
ing to PAD formation. Vagal innervation is crucial
for normal functioning of the sphincter of Oddi
[19—21]. Furthermore, the duodenum and sphinc-
ter of Oddi have been shown to be regulated by a
common neural circuit, and it is thought that this
common pathway regulates both duodenal motility
and sphincter of Oddi function [22]. The epidemio-
logic evidence suggests that PAD is indeed an un-
der-recognized disease of aging. PAD is rare
before age 40 and increases in prevalence with
age [15]. Prevalence rates as high as 27% have been
reported in patients undergoing gastrointestinal
procedures and an autopsy series noted a preva-
lence rate of 23% [15]. Thus, PAD and the associ-
ated sphincter of Oddi dysfunction may represent
yet another local example of a condition that arises
as a result of global attrition of autonomic innerva-
tion during aging [5].

The model of aging-related vagal withdrawal
accompanied by end-organ sympathetic bias and
cholinergic hypersensitivity may have important
implications for understanding diseases of aging
outside of the bowel. Indeed, muscarinic hypersen-
sitivity due to increased receptor density has been
observed in cardiac autonomic denervation accom-
panying amyloidosis, a common disease of aging, as
well as in pulmonary function following heart—lung
transplantation [23,24]. Interestingly, despite the
enhanced hypersensitivity of the muscarinic system
of the heart following autonomic denervation, the
adrenergic system does not become hypersensitive
to catecholamines [23]. This dichotomous response
to autonomic denervation lends further support to
our previously proposed notion that end-organs are
intrinsically sympathetic and that their central
inhibition by the parasympathetic system can be
seen as a form of regulatory hegemony which
wanes with age-related vagal withdrawal [5].

Similar to other conditions that manifest abnor-
mal autonomic balance [25,26], we propose that
modulation of autonomic function, particularly
those that reduce sympatho-vagal ratio through
either pharmacologic or electrical means, may help
prevent and treat diverticular diseases. Specific
embodiments may include electrical modulation
of the vagus nerve through medical devices such
as pacers or homeopathic methods such as acu-
puncture. Pharmacologic reduction of end-organ
sympathetic bias may be achieved using a wide
variety of anti-adrenergic or pro-parasympathetic
agents. Many anti-inflammatory, anti-coagulation,
and neurohormonal agents may also have anti-adr-
energic properties and may help prevent and treat
conditions of abnormal autonomic balance such as
diverticular diseases [25,26].
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