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Introduction

Diverticulosis is one of the most frequent benign conditions of 

the colon, with a prevalence which is less than 10% below 40 years 

of age but amounts to about 30% up to age 60 and 50–70% in the 

over 80s. Among patients with diverticulosis, about 20% will de-

velop diverticular disease in their lifetime. Diverticular disease 

therefore is among the clinically and economically most significant 

diseases in gastroenterology. In 2004, in the USA, diverticular dis-

ease was the third most common gastrointestinal hospital discharge 

diagnosis and the fourth most common reason for ambulatory care 

visits. Regarding direct costs attributable to individual digestive dis-

eases, diverticular disease came in fifth place with USD 3.6 billion 

[1, 2]. The etiopathogenesis of diverticulosis and diverticular dis-

ease is not well understood. Epidemiology, however, teaches us that 

there are certain factors associated with an increased risk of devel-

oping diverticulosis or diverticular disease. Frequently, the discus-

sion about risk factors for these conditions suffers from an impre-

cise separation of entities. We emphasize therefore that risk factors 

for diverticulosis, diverticulitis, diverticular perforation, and bleed-

ing from a diverticulum have to be treated separately. As an exam-

ple, dietary fiber as a risk factor or protective factor in diverticulosis 

and associated diseases has attracted a lot of attention. Recent stud-

ies questioned the long-held hypothesis that a diet rich in fiber pro-

tects against the development of diverticula. In the discussion that 

ensued, the fact that there is very strong evidence that a fiber-rich 

diet protects against the development of diverticular disease was 

 almost forgotten. There are risk factors which cannot be influenced, 

such as age, sex, and genetics; however, with regard to eating, drink-

ing, and physical activity, lifestyle choices can be made. More im-

portantly, comorbidities and particularly drugs are also powerful 

risk factors for the development of diverticulitis, perforation, or 

bleeding. Careful history taking allows to reduce a patient’s risks by 

e.g. selecting less harmful medication, and may guide therapeutic 

decisions based on certain comorbidities. 
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Summary
Background: Diverticulosis is a very common condition. 
Around 20% of diverticula carriers are believed to suffer 
from diverticular disease during their lifetime. This 
makes diverticular disease one of the clinically and eco-
nomically most significant conditions in gastroenterol-
ogy. The etiopathogenesis of diverticulosis and diver-
ticular disease is not well understood. Epidemiological 
studies allowed to define risk factors for the develop-
ment of diverticulosis and the different disease entities 
associated with it, in particular diverticulitis, perforation, 
and diverticular bleeding. Methods: A comprehensive lit-
erature search was performed, and the current knowl-
edge about risk factors for diverticulosis and associated 
conditions reviewed. Results: Non-controllable risk fac-
tors like age, sex, and genetics, and controllable risk fac-
tors like foods, drinks, and physical activity were identi-
fied, as well as comorbidities and drugs which increase 
or decrease the risk of developing diverticula or of suf-
fering from complications. In naming risk factors, it is of 
utmost importance to differentiate between diverticulo-
sis and the different disease entities. Conclusion: Risk 
factors for diverticulosis and diverticular disease may 
give a clue towards the possible etiopathogenesis of the 
conditions. More importantly, knowledge of comorbidi-
ties and particularly drugs conferring a risk for develop-
ment of complicated disease is crucial for patient man-
agement. 
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This review summarizes the current literature regarding the risk 

factors for diverticulosis and diverticular disease including non-con-

trollable and controllable factors, comorbidities, and medication. 

Non-Controllable Risk Factors: Age, Sex, and  
Genetics

Age

Since diverticulosis not necessarily causes symptoms, its preva-

lence is difficult to estimate. On the basis of colon double contrast 

enema and autopsy studies that both overestimate the prevalence 

of diverticulosis, the numbers for Western industrialized nations 

are approximately 13% for persons under 50 years of age, 30% for 

persons 50–70 years of age, 50% for persons 70–85 years of age, 

and 66% for persons older than 85 years [3–6]. 

The incidence of diverticular disease also demonstrates a clear age 

dependency, although a slight increase in younger patients was ob-

served during the last decade [7]. In a study from the USA based on a 

nationwide inpatient registry performed between 1998 and 2005, the 

number of patients treated for diverticular disease increased by 26% 

while the average age dropped from 64.6 to 61.8 years during that 

time period. The incidence in 1998 was highest for patients aged 75 

years and older with 2,447/1  million, and decreased rapidly in the 

younger age groups with 1,360/1  million for patients aged 65–74 

years, 659/1 million for the age group 45–64 years, and 151/1 million 

for patients aged 18–44 years [8]. The incidence rose strongest in the 

time interval applying to the age group 18–44 years (to 251/1  mil-

lion) followed by the group aged 45–64 years (to 777/1 million); in 

comparison, the incidence remained stable in the age group 65–74 

years and dropped in the group of patients 75 years and older [8]. In 

a similar analysis covering the period from 2002 to 2007, 29.6% of 

patients admitted for diverticulitis were 49 years and younger, 40.2% 

were aged between 50 and 70 years, and 30.2% were older than 70 

years. Similarly, in that more recent period, admissions dropped in 

the over 75s by 4.8%, while they  increased by 1.3% in the group aged 

49 years and younger and by 3.5% in the group aged 50–70 years [9]. 

In a recent paper, 2,127 persons with colonoscopically detected 

 diverticulosis were followed over a median of almost 7 years. The 

 cumulative probability to  develop diverticulitis over 10.8 years was 

4.3%; it was highest for the age group 40–49 years with 11%, and 

dropped for each further  decade by 24% [10]. A more aggressive clin-

ical course in younger  patients described by some authors [11, 12] 

was not confirmed in more recent studies [13–15].

Sex

The data regarding a preference for either sex are inhomogene-

ous [4, 7]. While early studies demonstrated a male preponderance 

for diverticular disease [7], studies from the USA in 1998/1999 

found a female share of 60.7% for diverticular disease-associated 

hospital admissions, which declined to 57.8% until 2007 [8, 9]. 

Genetics

Some rare syndromes demonstrate a strong predisposition for 

formation of colonic diverticula. Among those are Marfan syn-

drome, Ehlers-Danlos syndrome, Williams-Beuren syndrome, 

Coffin-Lowry syndrome, and polycystic kidney disease (PKD) [7, 

16–18]. Affected persons develop colonic diverticula from a young 

age [4, 19, 20]. These syndromes have in common a defect in extra-

cellular matrix components or connective tissue fibers, which sug-

gests also a role for these structures in the pathogenesis of sponta-

neous diverticulosis. Case reports have hinted at familial risk fac-

tors for the development of diverticulosis and diverticular disease 

in the general population [6]. A recent study using the Swedish 

Twin Registry comprising 104,552 twins demonstrated that genetic 

susceptibility is an important component in diverticular disease of 

the colon with an odds ratio (OR) of 7.15 for developing the dis-

ease if one’s monocygotic twin is affected, and an OR of 3.20 for 

same-gender dizygotic twins. Heritability was estimated at 40%, 

and non-shared environmental effects at 60% [17].

Controllable Risk Factors: Food, Drink, and Tobacco

Dietary Fiber

Since the papers by Painter and Burkitt in the 1960s and 1970s 

[21], a lack of dietary fiber is firmly anchored in the literature as the 

most important lifestyle-associated risk factor for the development 

of diverticulosis as well as diverticular disease [18, 22]. Their hy-

pothesis was based on striking geographical and time differences in 

the prevalence of diverticulosis and diverticular disease. In contrast 

to Western industrial nations, the authors barely found persons af-

fected by diverticulosis in Africa and Asia where a diet rich in die-

tary fiber is traditionally consumed. Furthermore, since the onset of 

industrialization, the prevalence of diverticular disease has strongly 

risen in Europe and the USA, and it was observed that Afro-Ameri-

can and Japanese immigrants developed diverticular disease after 

adaptation to Western dietary habits [21]. The dietary fiber hypoth-

esis as a basis for the formation of diverticula receives further sup-

port from animal research data in rats and rabbits [23, 24]. 

However, lately, the possible link between the intake of dietary 

fiber and the development of diverticulosis or diverticular disease 

has become an increasingly controversial topic. For this discussion, 

it is especially important to distinguish between the different disease 

manifestations as defined in classification systems (e.g. the novel 

Classification of Diverticulitis/Diverticular Disease (CDD)) [25]. 

The link between diet and diverticulosis (CDD type 0) is scien-

tifically difficult to prove for the long latency of diverticula forma-

tion, the lack of symptoms of diverticulosis, and the difficult and 

complex methodology of monitoring dietary habits. A study found 

with 12% a lower prevalence for diverticulosis in 56 long-term veg-

etarians compared to 33% in 264 non-vegetarians. The fiber intake 

in the vegetarians was with 41.5 g/day double that of the non-vege-

tarians (21.4 g/day) [26]. However, the fiber intake was identical in 
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diverticula-carrying and diverticula-free vegetarians, and divertic-

ula-carrying vegetarians consumed with 33.7  g/day significantly 

more dietary fiber than diverticula-free non-vegetarians (22.1  g/

day) [26]. This study therefore points to additional factors besides 

dietary fiber intake. Two case-control studies [27, 28] and three re-

cently published cross-sectional studies [29–31] found either no 

effect of dietary fiber intake or an even positive correlation between 

fiber intake and diverticulosis. In the Korean study [29], however, 

85% had right-sided diverticulosis, which may differ in terms of 

pathogenesis from left-sided diverticulosis. Furthermore, this study 

used a quite simple instrument to measure fiber intake, and did not 

report the time period of dietary habit monitoring [29]. The two 

well published back-to-back US American colonoscopy-based 

cross-sectional studies of dietary risk factors for diverticulosis also 

challenged the dietary fiber hypothesis [30, 31]. These studies gen-

erated a lot of attention and sparked a welcome discussion [22, 

32–36]. However, their significance in challenging the dietary fiber 

hypothesis should not be overrated due to their cross-sectional 

study design and the recording of only the most recent fiber intake. 

Diverticulosis takes decades to develop, and the recording of life-

long dietary and bowel habits would be necessary for more mean-

ingful conclusions. For the time being, there is agreement that 

there are considerable benefits of fiber for the management of 

other diseases and overall health; we therefore should continue to 

recommend fiber as part of a healthy diet [33, 34]. 

Regarding the influence of a fiber-rich diet on mild diverticular 

disease (mostly CDD type 1 and CDD type 3a), there are some un-

controlled studies [37–39] as well as at least five small randomized 

controlled studies [40–44]. All but one study [40] found a positive 

effect of dietary intervention on symptoms or on surrogate param-

eters like reduced colon transit time, higher stool weight, or nor-

malization of sigma muscle activity. The only negative study was 

criticized for the low amount of dietary fiber consumed [22, 40, 

45]. More recent reviews have emphasized the low quality of avail-

able data (evidence level II and III) [46, 47]. 

Several studies, among them three big prospective cohort stud-

ies, have suggested that a diet rich in dietary fiber results in a risk 

reduction for the development of both acute uncomplicated (CDD 

type 1) and acute complicated diverticulitis (CDD type 2). In the 

Health Professionals Follow-Up Study (HPFS) encompassing 

48,000 men, individuals with the highest fiber intake (>32 g/day) 

had a risk reduction of 42% for development of diverticulitis com-

pared to those with the lowest fiber intake [48]. The protective ef-

fect is thought to be mediated by insoluble fiber found in fruit and 

vegetables [49]. Comparable data have been reported from a cohort 

encompassing 47,033 men and women from England and Scotland 

(EPIC) [50]. Individuals with the highest intake of dietary fiber 

( 25.5 g/day for women and 26.1 g/day for men) had a risk re-

duction of 42% for hospital admission and inpatient treatment 

compared to individuals with the lowest intake of dietary fiber 

(<14 g/day for men and women) [50]. In the Million Women co-

hort encompassing 690,075 middle-aged women, participants with 

the highest fiber intake (>17.6  g/day) had a relative risk (RR) of 

0.75 for admission or death from diverticular disease. The strong-

est effect was noted for cereal and fruit fiber [51]. A case-control 

study [52] as well as a retrospective cohort study [53] have also re-

ported a protective effect of a diet rich in fiber. 

Nuts, Grains, Corn, Popcorn

Because of the notion that undigested particles of nuts, grains, 

corn, or popcorn remain lodged in portions of the diverticulum 

and can lead to an accumulation of complications, people with di-

verticula and other patients have long been advised to avoid these 

foods. However, an analysis of the HPFS cohort indicated that con-

sumption of nuts and grains does not elevate the risk of diverticuli-

tis or diverticular hemorrhage. In contrast, consumption of nuts or 

popcorn at least 2×/week was found to reduce the risk by 20% for 

nuts and 27% for popcorn [54]. 

Red Meat

A recently published cross-sectional colonoscopy-supported 

study of 2,104 subjects found no relationship between the con-

sumption of red meat and the prevalence of diverticulosis [30]. 

However, a Taiwanese case-control study examined 86 patients 

with right-sided diverticulosis and 106 matched controls; this study 

found that individuals who consumed red meat at least once per 

day had 25 times the risk of developing diverticulosis compared to 

those who ate red meat less than once a week [28]. 

A case-control study and two large-scale prospective cohort 

studies revealed that frequent consumption of red meat is a risk 

factor for diverticular disease or for hospitalization as a result of 

diverticular disease [48, 49, 52]. The study by Manousos et al. [52] 

showed that among individuals who ate beef or lamb at least twice 

a week, the risk of hospitalization was 1.89 times or 3.86 times 

higher, respectively, compared to individuals who ate these meats 

only once per week. In the HPFS cohort, frequent consumption of 

red meat led to an increased risk of diverticular disease, although 

there was no dose effect. Similarly, consumption of 39.4, 65.9, 97.4, 

or 144.4 g of red meat/day compared to consumption of 16.0 g/day 

resulted in a 1.5 times higher risk [48]. When the frequency of con-

sumption of red meat (beef, pork, lamb) as the principle meal was 

analyzed, the risk was 3.23 times greater for people who ate at least 

one meat meal per day compared to people who have a meat meal 

less than once per month [48]. Likewise, in the EPIC cohort, indi-

viduals who eat meat had a higher risk of hospitalization due to di-

verticular disease compared to vegetarians [50]. 

Other Food Ingredients/Combinations

A South Korean study found that a diet high in fats was associ-

ated with a 1.7 times higher risk of diverticulosis [28]. The work of 

Peery et al. [30] found no difference in fat consumption between 

people with diverticula and those without (70.2 vs. 69.2  g/day). 
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There are no data on symptomatic uncomplicated diverticular 

disease.

Aldoori et al. [48], in the HPFS cohort, found no elevated risk 

for the development of diverticular disease associated with fat con-

sumption. However, the combination of higher fat intake (>81 g/

day) and low fiber (<17  g/day) led to a risk that was 2.35 times 

greater than with a diet lower in fat (<47 g/day) and higher in fiber 

(>29 g/day). The combination of low-fiber diet and significant con-

sumption of red meat (>116.6 g/day) increased the risk for diver-

ticular disease to 3.22 times that of diets with high fiber (29 g/day) 

and little red meat (<28.5 g/day). A multivariate analysis indicated 

no association between potassium, β-carotene, vitamin C and mag-

nesium, and diverticular disease [48]. 

Smoking

One cross-sectional study found that the probability of diver-

ticulosis was 30% greater among smokers, although this effect was 

not statistically significant [29]. However, several case-control 

studies and a large-scale prospective cohort study found an in-

creased risk of diverticular disease. A Swedish cohort consisting of 

37,000 women found the risk of hospitalization due to diverticular 

disease to be 24% higher among women who smoke [55]. Cessa-

tion of smoking only showed an effect after more than 10 years, 

and was then most pronounced for perforation [55]. In a cohort of 

7,500 Swedish men, there was a 60% higher risk of hospitalization 

due to diverticular disease among smokers [56], and in the EPIC 

cohort a dose effect was seen with a 34 or 86% increased risk for 

hospitalization when <15 or >15 cigarettes were smoked per day, 

respectively [50]. In the HPFS cohort, which not only considers 

hospitalized patients, smoking had no significant effect on the risk 

of diverticular disease [57]. A variety of other studies have sug-

gested a relationship between smoking and severe complicated 

forms of diverticular disease such as perforation [58–61]. In con-

trast, three small case-control studies found no relationship be-

tween smoking and cumulative diverticular hemorrhage [62–64]. 

Alcohol

The South Korean cross-sectional study by Song et al. [29] 

noted that individuals who consumed alcohol have a risk of diver-

ticulosis that is 2.2 times greater than the risk of people who do 

not. However, the study does not present data on the type, quan-

tity, and duration of alcohol consumption. The large-scale pro-

spective HPFS cohort study found a higher risk (36%) of diverticu-

lar disease among men who consumed >30  g alcohol/day com-

pared to men who abstained from alcohol, but the difference was 

not significant [57]. However, the difference was significant when 

the type of alcohol was considered. There was no relationship be-

tween diverticular disease and beer or wine, but consumption of 

spirits or liqueurs revealed a relationship in which consumption of 

1–3 measures/month led to a 50% increase in risk and 2–3 drinks/

day led to a 65% increase, which does not suggest dose depend-

ency. In the EPIC cohort, an effect of alcohol consumption on hos-

pitalization due to diverticular disease was no longer significant 

after correction for smoking habits [50]. A Danish study found that 

patients who were admitted to hospital for alcoholism were also 2.9 

times more likely to be hospitalized for diverticulitis than the gen-

eral population. This work suggests that severe alcohol abuse may 

have an effect, but did not correct for other confounding factors 

[65]. Another study of 80 patients recorded similar levels of alcohol 

consumption in patients with mild to severe forms of diverticular 

disease [60]. Small-scale case-control studies have documented no 

relationship between alcohol consumption and frequent diverticu-

lar hemorrhage [62–64]. 

Coffee

In the HPFS cohort, no relationship between consumption of 

coffee and diverticular disease has been observed [57].

Controllable Risk Factors: Body Weight, Physical  
Activity, and Insolation

Body Weight

A cross-sectional study [29] and a prospective cohort study [66] 

found no relationship between body mass index (BMI) and asymp-

tomatic diverticulosis [22]. In contrast, an Israeli colonoscopy-

based retrospective case-control study involving 3,175 people 

found that obesity with a BMI > 30 was associated with a 1.4 times 

higher risk of diverticulosis [67].

Smaller case series and case-control studies have documented a 

relationship between being overweight, particularly for younger 

people, and a frequent occurrence of diverticulitis [11, 68–70]. 

Three large-scale prospective cohort studies confirm this associa-

tion: The Swedish study involving 7,500 males found a risk of com-

plicated diverticular disease in men with a BMI >  30 that was 4 

times higher than that of men with a BMI of 20–22.5 [56]. An 

American study followed 47,000 men over the age of 18, and found 

that the risk of diverticulitis was 78% higher for men with a BMI 

> 30 compared to men with a BMI < 21, and the risk of diverticular 

hemorrhage was 3 times higher [71]. Moreover, after correcting for 

BMI, the waist-to-hip ratio remained an independent risk factor 

for complications; this has led to speculation that central adiposity 

is particularly relevant for the occurrence of diverticular disease 

due to the release of pro-inflammatory cytokines from the visceral 

fat [22, 72]. The third study followed 36,592 Swedish women over a 

period of 12 years. Women with a BMI between 25 and 29.99 had a 

29% higher risk and women with a BMI  30 a 33% higher risk of 

diverticular disease compared to women with a BMI of 20–24.99. 

The risk of abscess or perforation was 2 times higher in women 

with a BMI  30 [72].
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Physical Activity

A recently published cross-sectional study of 2,104 participants 

who evaluated their diet and physical activity using a questionnaire 

found no relationship between diverticulosis and physical activity 

[30]. Nevertheless, men who sit for at least 52  h/week had a 30% 

higher risk of diverticulosis than men who sit for less than 16  h/

week [71]. In contrast, several large-scale prospective cohort studies 

have indicated a reduced risk of complicated diverticular disease, 

including diverticular hemorrhage, as a result of physical activity, 

although several studies document this effect only for high activity 

levels and not for mild exertion such as walking [71–74]. In one 

study, the effect of intense physical activity led to a 25% reduction 

in the risk of diverticulitis and a 46% reduction in the risk of diver-

ticular hemorrhage compared to men who exercised less intensely 

[71]. The Swedish study found a 42% higher risk of diverticular dis-

ease in women who trained 30 min/day compared to women who 

exercised >30 min/day [72]. Another study found no effect of phys-

ical activity on hospitalizations due to diverticular disease [56].

Insolation

Recent studies in the USA have observed geographical and sea-

sonal variation in hospitalizations for diverticulitis [75, 76]. Based 

on that observation, the risk for diverticulitis has been putatively 

linked to exposure to ultraviolet (UV) radiation and vitamin D 

serum levels. Observational retrospective studies demonstrated a 

lower rate of diverticulitis in the winter, a statistically significant 

higher rate of admissions for diverticulitis in low-UV areas com-

pared to high-UV areas (751.8 vs. 668.1 per 100,000 admissions), 

and an inverse relationship between 25-hydroxyvitamin D serum 

levels and risk of hospitalization for diverticulitis. Compared to pa-

tients in the lowest quintile of vitamin D serum levels, patients in 

the highest quintile had a multivariate-adjusted RR for diverticuli-

tis-related hospitalization of 0.49 [77, 78]. 

Risk Factor Comorbidity

Comorbidity and Diverticulosis

Hypothyroidism
An Israeli retrospective case-control study involving 3,175 pa-

tients described a risk of diverticulosis that was 2.4 times higher if 

there was a diagnosis of hypothyroidism in the case history [67].

Diabetes Mellitus
The same Israeli study found that a diagnosis of diabetes melli-

tus is a protective factor for the presence of diverticulosis with an 

OR of 0.49 [67]. In contrast, in a Japanese cross-sectional study in-

volving 954 patients, the prevalence of diabetes mellitus type II in 

people with a diverticulum (more right-sided) was significantly 

higher than in people with no diverticulum (21.6 vs. 14.0%) [79]. 

Arterial Hypertension
The Japanese study found that the prevalence of arterial hyper-

tension among people with a diverticulum was significantly higher 

than in people with no diverticulum (30.9 vs. 19.8%) [79]. In 

 contrast, the Israeli study found no relationship between arterial 

hypertension and diverticulosis [67].

Polycystic Kidney Disease
Of six case series involving a total of 186 patients with PKD 

[80–85], three made statements about the prevalence of diverticu-

losis. Scheff et al. [80] documented a prevalence of 10/12 (83%), 

Dominguez Fernandez et al. [82] of 15/28 (53.5%), and Sharp et al. 

[83] of 28/59 (47%). In a group of patients with kidney failure but 

no PKD, Scheff et al. [80] documented a diverticular prevalence of 

10/31 (32%). In an age-matched comparative group without kid-

ney disease they found a similar diverticular prevalence of 45/120 

(38%). Sharp et al. [83] reported a diverticular prevalence of 35/59 

(59%) in their control group with no PKD and no kidney failure, 

and concluded that patients with PKD have no higher risk of diver-

ticulosis or diverticular disease than the general population. 

Comorbidity and Acute Uncomplicated and Complicated  
Diverticular Disease

Arterial Hypertension
A Swedish prospective cohort study involving 7,500 men re-

ported that a univariate analysis revealed a risk of complicated di-

verticular disease that was 1.8 times higher in men with a systolic 

blood pressure of 146–162 mm Hg or >162 mm Hg compared to 

men with a systolic blood pressure of <133 mm Hg. The univariate 

analysis also demonstrated a risk that was 2.2 times higher in pa-

tients with a diastolic blood pressure of >102 mm Hg compared to 

patients with a diastolic blood pressure of <88 mm Hg. Only dias-

tolic blood pressure remained a significant risk factor in multivari-

ate analysis, with a hazard ratio (HR) of 1.02 for each mm Hg [56]. 

This study also considered hemorrhages but did not account for 

these separately.

Kidney Disease
A retrospective study from the UK included 202 patients with 

perforated diverticular disease. Mortality was 24.3%. One risk fac-

tor for death was pre-existing kidney disease with an OR of 18.7 

[86]. Of six case series including a total of 186 patients [80–85], 

four made statements about the incidence of diverticular disease. 

Scheff et al. [80], Lederman et al. [84], and Pourfarziani et al. [85] 

reported high incidence of severe cases in particular, at 4/12 (33%), 

12/59 (20%), and 3/18 (17%), respectively. Only Lederman et al. 

[84] quantified incidence of diverticular disease in a comparative 

group with kidney failure but no PKD at 4/125 (3%). Dominguez 

Fernandez et al. [82] found no increased risk of diverticular disease 

(1/28 or 4%) even in patients with PKD. No special management of 

the disease is recommended for patients with PKD compared to 

the normal patient population [87].
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Immunosuppression
A number of different studies hint towards a more severe course 

of diverticular disease in patients who are immunosuppressed 

[85–91].

Hwang et al. [92] reviewed the literature, and identified 25 stud-

ies of diverticulitis among immunosuppressed patients. All were 

retrospective cohort studies. 21 studies involved patients who had 

undergone an organ transplant, of which 13 where kidney trans-

plants and the remaining involved heart, lung, or combined heart 

and lung transplants. Four studies involved patients undergoing 

chronic corticosteroid therapy. Overall, 12,729 patients were in-

cluded in these studies [92]. The incidence of acute diverticulitis 

among these immunosuppressed patients was 1% with variable 

follow-up between 1 month and 17.3 years, and is therefore higher 

than in the general population. A direct comparison of the inci-

dences in immunosuppressed people and the general population 

was provided by only one study (0.94 vs. 0.02%) [93]. When only 

patients who had known diverticulosis prior to beginning immu-

nosuppression are considered, the incidence of diverticulitis was 

15.1% with variable follow-up [92]. Mortality for all patients with 

diverticulitis who were treated either conservatively or surgically 

was 25%, while this number for surgically treated patients was 23% 

and hence significantly higher than for the general population, 

which is reported at 1–5% [8, 94]. 

There are few data on immunosuppressed patients who did not 

undergo transplant [92]; hence, no statement can be made about 

the effects of various immunosuppressive regimens. Similarly, 

there are no studies involving patients undergoing chemotherapy 

or patients with human immunodeficiency virus (HIV)/acquired 

immunodeficiency syndrome (AIDS) [92]. Sachar [95] summa-

rized 15 studies on emergency abdominal surgery in HIV-positive 

patients. He documented that diverticular disease among HIV/

AIDS patients did not occur more frequently and does not differ in 

severity from the general population, as long as the CD4 cell count 

does not drop below 50–200/μl or the viral load does not exceed 

10,000–30,000 copies/ml [95]. 

As a consequence of the higher incidence and mortality of diver-

ticular disease among immunosuppressed patients, screening for 

diverticulosis prior to beginning immunosuppression has been dis-

cussed [92]. However, McCune et al. [81] reported that colonos-

copy screening of patients over the age of 50 to detect colon compli-

cations post-transplant is not effective. Screening or even prophy-

lactic sigmoid or colon resection are not recommended [87, 92].

Allergic Predisposition
One research group performed surgery on 101 consecutive pa-

tients for either complicated (occult perforation, free perforation, 

phlegmonous diverticulitis; n = 57) or non-complicated (chronic 

recurrent diverticulitis, elective due to comorbidities; n = 44) di-

verticular disease. This group reported that 39% of patients had a 

history of an allergic predisposition to grasses, pollen, food items, 

medications, pets, or other substances. Patients with an allergic 

predisposition had an OR of 3.2 for surgery due to a complicated 

diverticulitis [96].

Comorbidity and Diverticular Hemorrhage

Arterial Hypertension
Four studies addressed the role of arterial hypertension in di-

verticular hemorrhage. Yamada et al. [64] carried out a case-con-

trol study and found that 44 of 1,753 patients with diverticulosis 

had diverticular hemorrhage. The OR for diverticular hemorrhage 

among patients with arterial hypertension was 6.6. In another 

case-control study from Japan, 45 of 254 patients with diverticulo-

sis had diverticular hemorrhage. The OR for diverticular hemor-

rhage among patients with arterial hypertension was 2.2 [97]. A 

third Japanese case-control study analyzed 51 lower gastrointesti-

nal hemorrhages caused by diverticula, and found a significant 

risk for patients <65 years of age with arterial hypertension [62]. 

Jansen et al. [63] identified 30 patients with diverticular hemor-

rhage out of 140 with diverticular disease in a retrospective case 

series. In this analysis, arterial hypertension was not an independ-

ent risk factor for hemorrhage, although medication including 

 calcium antagonists used to treat arterial hypertension may have 

been a factor. 

Hyperlipidemia
The Japanese case-control study by Tsuruoka et al. [62] re-

ported an OR of 2.2 for diverticular hemorrhage in patients with 

hyperlipidemia. 

Coronary Heart Disease
The Japanese case-control studies by Tsuruoka et al. [62] and 

Niikura et al. [97] reported an OR of 1.9 and 2.4, respectively, for 

diverticular hemorrhage in patients with coronary heart disease.

Chronic Kidney Failure
The Japanese case-control study by Niikura et al. [97] reported 

an OR of 6.4 for diverticular hemorrhage in patients with chronic 

kidney failure. 

Hyperuricemia
Jansen et al. [63] documented an increased risk of diverticular 

hemorrhage in patients with uricemia. 6 (20%) of 30 patients with 

diverticular hemorrhage suffered from hyperuricemia or were tak-

ing allopurinol. Of the 110 patients who did not suffer from hem-

orrhage, either hyperuricemia or uric acid-lowering drug usage 

were documented in only 8 (7.3%) patients.

Comorbidity and Indication for Elective Prophylactic Resection

The following comorbidities and conditions, the majority of 

which showed a relationship with elevated morbidity or mortality 

in elective or emergency procedures for diverticular disease in case 

series, have been described: diabetes mellitus [98, 99], cardiac in-

sufficiency [100], chronic obstructive pulmonary disease [100, 

101], renal insufficiency [102], autoimmune disorders/vasculitis 

[99, 102], gouty arthritis [98], immunosuppression [99, 102], hy-
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poalbuminemia [101], use of steroids [99, 101], and American So-

ciety of Anesthesiologists (ASA) category III/IV [103]. Some au-

thors therefore recommend that a prophylactic sigmoid resection 

is considered for these risk groups [98, 99, 102]. However, a study 

by Chapman et al. [99] found that 89.5% of patients who died of 

diverticular perforation did not have a history of diverticulosis or 

diverticular disease, so prophylactic intervention should not be 

performed on this group. Sheer et al. [100] concluded that the high 

morbidity and mortality of the risk groups can outweigh the poten-

tial benefit of elective surgery. There are insufficient data to define 

risk groups that should in general receive a prophylactic elective 

resection of the portion of the colon containing the diverticulum 

[99].

Colon Cancer and Diverticular Disease

The hypothesis that patients with diverticular disease have a 

higher risk of colon cancer was proposed in the 1970s by Burkitt 

[104, 105], and was supported by a study in which 20/65 (31%) pa-

tients with diverticular disease had a neoplastic lesion [106] as well 

as a case-control study in which 36/150 (24%) patients with diver-

ticular disease had a neoplastic lesion and therefore a 3 times 

greater risk than the control group [107]. A retrospective Swedish 

cohort study reported that people with diverticulosis had a risk of 

developing colon cancer that was 1.8 times higher than people who 

did not [108]. A series of new studies involving a large collective no 

longer found a relationship between diverticulosis or diverticular 

disease and an elevated risk of adenoma or colorectal cancer [109–

111]. The authors of this study explain the discrepancy in the data 

as the result of overdiagnosis of neoplastic lesions associated with 

an attack of diverticular disease [111, 112]. Based on a 31 times 

higher risk of a colon cancer diagnosis especially in the first 6 

months after a diverticulitis attack, they recommend no special 

screening interval for people with diverticulosis; instead, a one-

time screening after the first attack of diverticulitis is suggested [18, 

105, 111, 112].

Risk Factor Medication

Medications and Acute Uncomplicated and Complicated  
Diverticular Disease

NSAIDs and Aspirin
Reports of the negative effects of non-steroidal anti-inflamma-

tory drugs (NSAIDs) on the course of diverticular disease have 

been around for almost 30 years. Case study collections and case-

control studies report an up to 4.85 times higher risk of severe 

symptomatic diverticular disease in individuals taking NSAIDs 

[113–115], and a 1.8–3.56 times higher risk of perforation [116–

120]. Morris et al. [121] reported a risk of death due to perforated 

diverticulitis that was 3.1 times higher in people taking NSAIDs. 

The large-scale HPFS cohort was prospectively studied twice for 

the effects of aspirin and NSAIDs on complications due to diver-

ticular disease. In the 1998 study by Aldoori et al. [122], regular use 

of NSAIDs, but not aspirin, led to symptomatic diverticular disease 

with an RR of 2.2. The second analysis involved significantly more 

data. In that analysis, there was now a risk of developing diverticu-

litis that was 1.72 or 1.25 times higher among patients who regu-

larly took NSAIDs or aspirin compared to those who took neither 

of these drugs [123]. NSAIDs were more strongly associated with 

complicated diverticulitis (HR 2.55) than with uncomplicated di-

verticulitis (HR 1.65). There was no difference in this regard with 

aspirin [123]. 

In the analysis of the risk associated with aspirin, the lack of 

data on dose and frequency of use in most studies poses a particu-

lar problem. Strate et al. [123] attempted to standardize the data 

and found no strictly linear dependency on the quantity taken. 

Hence, people who took 2–5.9 aspirin tablets (325 mg) per week 

had a greater risk of diverticulitis with an HR of 1.26 compared to 

people who took 6 tablets (HR 1.11). On the other hand, daily use 

of aspirin of unknown dose carried a greater risk of diverticulitis 

(HR 1.46) than use 4–6 times per week (HR 1.24) [123]. In case-

control studies by Piekarek et al. [120] and Humes et al. [124], in-

volving 54 and 899 patients, respectively, with diverticular perfora-

tions, the use of aspirin was not associated with increased risk. In 

Humes’ study [124], current use of NSAIDs was not associated 

with a significantly higher risk (OR 1.51), although a history of 

NSAID use was associated with a significantly greater risk of perfo-

ration (OR 1.62).

Acetaminophen
The first analysis of the HPFS cohort in 1998 found that people 

who regularly took acetaminophen had a risk of symptomatic di-

verticular disease that was 1.81 times higher [120]. 

Coxibs
In their population-based case-control study involving 899 pa-

tients with diverticular perforation and 8,980 controls, Humes et 

al. [124] found use of coxibs to be infrequent. 7.8% of the cases and 

3.0% of the controls had taken these substances at some point. For 

comparison, 66% of the cases and 52% of the controls reported 

having taken NSAIDs at some point. After correcting for con-

founding variables, current use of a coxib was no longer associated 

with an increased risk of perforation. 

Corticosteroids
Case collections and small-scale hospital-based case-control 

studies since the 1970s have reported a risk of primarily diverticu-

lar perforations that was 13–32 times greater among people taking 

corticosteroids [113, 119–121, 125, 126]. The population-based 

case-control study by Humes et al. [124] reported a risk of diver-

ticular perforation that was 2.74 times greater among people cur-

rently taking corticosteroids and 1.69 times greater among people 

who took steroids at some point in their medical history. There is a 

particularly high risk among patients with a lack of severe comor-

bidities (OR 6.45).
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Opioids
The hospital-based case control studies by Morris et al. [121] and 

Piekarek et al. [120] reported a risk of diverticular perforation that 

was 1.8–4.5 times higher among people taking opioids. The popula-

tion-based case-control study of Humes et al. [124] found a risk of 

diverticular perforation that was 2.16 times greater among people 

currently taking opioid analgesics, and 1.88 times greater among 

people who took opoids at some point in their medical history.

Calcium Antagonists
The hospital-based case-control studies by Morris et al. [127] 

and Piekarek et al. [120] reported a protective effect of calcium an-

tagonists against diverticular perforation with an OR between 0.14 

and 0.41. Likewise, the population-based case-control study of 

Humes et al. [124] documented a potential protective role against 

diverticular perforation. 

Statins
The population-based case-control study by Humes et al. [124] 

found a risk reduction (OR 0.44) for diverticular perforation 

among people currently taking statins, but no effect was seen if 

statins had been used earlier in the medical history.

Medication and Diverticular Hemorrhage

NSAIDs and Aspirin
Since the report by Langman et al. [116] about the potential role 

of NSAIDs as a risk factor for diverticular hemorrhage, two Japa-

nese case-control studies have reported a risk of diverticular bleed-

ing that was 7.5–15.6 times higher [62, 64]. The first analysis of the 

HPFS cohort by Aldoori et al. [122] found a risk that was 4.64 

times higher for people taking NSAIDs [122]. In the update to the 

prospective cohort study by Strate et al. [123], the risk of diverticu-

lar hemorrhage for regular use of NSAIDs alone was 1.74 times 

higher, for aspirin alone 1.70 times higher, and for the combina-

tion of NSAIDs and aspirin 2.02 times higher [123]. Surprisingly, 

for aspirin, there appears to be no linear dose-effect relationship, 

with the highest risk among people taking 2–5.9 tablets (325 mg) 

per week (HR 2.32), while taking 0.1–1.9 or 6 tablets had a lower 

risk of a similar magnitude, with an HR of 1.58 or 1.65, respec-

tively. In terms of the frequency of aspirin use, people who used the 

drug 4–6 times per week (HR 3.13) had a significantly higher risk 

of hemorrhage compared to people who used the drug daily (HR 

1.57) or 2–3.9 times per week (HR 1.21) [123]. 

Acetaminophen
In the first analysis of the HPFS cohort, Aldoori et al. [122] re-

ported a 13.63 times increased risk of diverticular hemorrhage in 

patients using acetaminophen.

Aspirin (Low-Dose) and Other Anticoagulants
Only one study has investigated the risk of diverticular hemor-

rhage among people taking the currently most common dose of 

100 mg of aspirin. In their hospital-based case-control study, Yam-

ada et al. [64] reported an OR of 3.7 from a univariate analysis. 

Other thrombocyte aggregation inhibitors such as cilostazol, sarpo-

gelate, and dipyridamole had an OR of 2.3 in univariate analyses. 

ASA100 and other thrombocyte aggregation inhibitors were pooled 

in the multivariate analysis, and the result was an OR of 3.0 [64]. A 

Spanish population-based study identified 2,130 diverticular hem-

orrhages. Concomitant medication was examined in 189 cases. The 

study indicated that ‘low-dose’ aspirin was the most common con-

comitant medication at 21.7%, while NSAIDs and anticoagulants 

were approximately the same at 14.8 and 14.3%, respectively [128].

Corticosteroids
In the hospital-based case-control study by Jansen et al. [63] of 

140 patients with diverticular disease, 30 were identified as having 

diverticular hemorrhage. 4/30 (13.3%) patients with diverticular 

hemorrhage were taking steroids compared to 4/110 (2.7%) in the 

group of patients with no diverticular hemorrhage. A multivariate 

analysis revealed that taking steroids is an independent risk factor 

for diverticular hemorrhage. 

Calcium Antagonists
In the study by Jansen et al. [63], 10/30 (33.3%) patients with 

diverticular hemorrhage were taking calcium antagonists com-

pared to 23/110 (20.9%) in the group of patients with no diverticu-

lar hemorrhage. A multivariate analysis revealed that taking cal-

cium antagonists is an independent risk factor for diverticular 

hemorrhage.

Conclusion

In summary, the epidemiological studies reviewed here teach 

us:

– that the risk for development of diverticulosis and diverticular 

disease is age-dependent and that both genetic and environ-

mental factors play an important role;

– that there are very robust data that dietary fiber has a strong 

protective effect against development of diverticular disease; a 

diet rich in fiber therefore should be recommended to all those 

carrying colonic diverticula; while the data supporting the fiber 

hypothesis (a lack of dietary fiber is a risk factor for the devel-

opment of diverticula) may be less solid, there is general agree-

ment that there are considerable benefits of fiber for the man-

agement of other diseases and overall health so that we should 

continue to recommend fiber as part of a healthy diet; while 

nuts, grains, corn, and popcorn are shown in big cohort studies 

to be protective against the development of diverticular disease, 

red meat and smoking are risk factors;

– that being overweight is a risk factor for developing diverticular 

disease while physical activity is protective;

– that there is solid evidence that arterial hypertension and im-

munosuppression are conditions enhancing the risk of devel-

oping diverticular disease;
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– that NSAIDs, aspirin, acetaminophen, corticosteroids, and opi-

oids enhance the risk for both development of diverticular dis-

ease and diverticular hemorrhage;

– that therefore the history of persons with diverticula should in-

clude an array of lifestyle factors, comorbidities, and current 

medication;

– and finally that the information gained should result in com-

prehensive recommendations; for example protective lifestyle 

factors should be encouraged, comorbidities like arterial hyper-

tension treated, and medication that increases the risk for di-

verticulosis complications avoided whenever possible; careful 

history taking is therefore of utmost importance for the man-

agement of persons with diverticula. 
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