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Abstract

Objectives—Diverticulitis is a common disease with high clinical burden. We evaluated the joint 

contribution of multiple lifestyle factors to risks of incident diverticulitis. We also estimated the 

proportion of diverticulitis preventable by lifestyle modifications.

Methods—We prospectively examined the association between lifestyle factors [red meat, 

dietary fiber intake, vigorous physical activity (activity with metabolic equivalent≥6), body mass 

index (BMI), and smoking] and risk of diverticulitis among participants in the Health 

Professionals Follow-Up Study.

Results—We documented 907 incident cases of diverticulitis during 757,791 person-years. High 

intake of red meat, low intake of dietary fiber, low vigorous physical activity, high BMI, and 

smoking were independently associated with increased risks of diverticulitis (all p<0.05). Low-risk 

lifestyle was defined as average red meat intake <51 grams/day, dietary fiber intake in the top 40% 

of the cohort (about 23 grams/day), vigorous physical activity in the highest 50% among 

participants with non-zero vigorous physical activity (roughly 2 hours of exercise weekly), normal 

BMI between 18.5–24.9 kg/m2, and never-smoker. There was an inverse linear relationship 

between number of low-risk lifestyle factors and diverticulitis incidence (p for trend<0.001). 

Compared to men with no low-risk lifestyle factors, the multivariable relative risks of diverticulitis 

were 0.71 [95% confidence interval (CI):0.59–0.87] for men with 1 low-risk lifestyle factor; 0.66 

(95% CI:0.55–0.81) for 2 low-risk factors; 0.50 (95% CI:0.40–0.62) for 3 low-risk factors; 0.47 

(95% CI:0.35–0.62) for 4 low-risk factors, and 0.27 (95% CI:0.15–0.48) for 5 low-risk factors. 

Adherence to a low-risk lifestyle could prevent 50% (95% CI:20–71%) of incident diverticulitis.

Conclusions—Adherence to a low-risk lifestyle is associated with reduced incidence of 

diverticulitis.

INTRODUCTION

Diverticular disease has been called a “disease of Western Civilization” and is a significant 

burden in industrialized societies (1, 2). The incidence of diverticulitis has risen drastically 

to become one of the most common indications for gastrointestinal admission in the US at a 

cost of more than 2 billion dollars annually (3, 4). Wide geographical and temporal 

variations in the prevalence of diverticular disease has led to the hypothesis that the 

increasing incidence may be attributed to modifiable diet and lifestyle factors (5). Given the 

high disease burden, prevention strategies at the population level are needed to reduce 

diverticulitis incidence.

Diet and other modifiable lifestyle factors play major roles in the development of 

diverticulitis (5, 6). Among lifestyle factors, dietary fiber intake is the most studied. Previous 

research from our group and the United Kingdom have shown that dietary fiber is inversely 

associated with diverticular diseases (7–9). Beyond dietary fiber, red meat consumption has 

also been associated with diverticulitis risk (9, 10). Non-dietary lifestyle factors also played 

important roles. Physical activity, particularly vigorous physical activity, was inversely 

correlated with diverticulitis incidence (11–13). Two large-scale prospective cohort studies 
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revealed a positive association between obesity and diverticulitis risk (14, 15). Finally, 

tobacco smoking had been related to diverticulitis (16, 17). Although each of these factors 

appears to contribute to diverticulitis incidence, their combined influence on overall risk of 

diverticulitis is unclear (18).

A low-risk lifestyle, defined by adherence to multiple modifiable risk factors associated with 

low diverticulitis incidence such as low red meat intake, high dietary fiber intake, regular 

exercise, maintenance of a healthy weight, and abstinence from tobacco smoking, may be an 

approach to prevent the disease. Currently, no study has examined the combination of 

multiple lifestyle factors and diverticulitis incidence. In this report, we evaluated the joint 

contribution of lifestyle risk factors to diverticulitis in the HPFS, a nationwide prospective 

cohort with detailed assessment on lifestyle factors. We also estimated the overall population 

burden of diverticulitis that may be attributed to adverse lifestyle.

METHODS

Study Population

The Health Professionals Follow-Up Study (HPFS) began in 1986 when 51,529 male health 

professionals aged 40–75 years provided detailed information on lifestyle and medical 

history. Participants are followed every 2 years since 1986 by self-administered 

questionnaires. The overall follow-up rate of the cohort is approximately 93% (19). The 

study was approved by the institutional review board at the Harvard T.H. Chan School of 

Public Health.

Participants who reported a diagnosis of diverticulosis or its complications, inflammatory 

bowel diseases, or malignancy of the gastrointestinal tract at baseline were excluded. Men 

who reported implausible energy intakes were also excluded. Participants who did not 

answer food frequency questionnaires (FFQ), questions regarding levels of physical activity, 

or anthropometric measurements at baseline were excluded, leaving 45,203 men in the 

current analysis (Supplementary Figure 1).

Assessment of Lifestyle Factors and Other Potential Risk Factors

Dietary information was assessed by a validated, semi-quantitative FFQ every four years 

from 1986 to 2010 (20). The FFQ assessed how often, on average, a participant consumed a 

particular food during the previous year. Frequencies of food consumption of a standard 

portion of 131 (in 1986) to 148 (in 2010) specified food items were recorded in 9 categories 

ranging from “never or less than once per month” to “6 or more times per day.” Unprocessed 

red meat items included food such as “beef or lamb as main dish” or “hamburger.” For 

processed red meat, the FFQ included questions such as “bacon” or “beef or pork hot dogs”. 

We calculated total red meat consumption by summing unprocessed and processed red meat 

intake.

Dietary fiber intake was computed by multiplying the fiber content of the specified food by 

its consumption frequency. Dietary fiber contents were derived from the Harvard Food 

Composition Database, which is based on US Department of Agriculture sources and from 

manufacturers derived by the Association of Official Analytical Chemists enzyme 
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gravimetric method (7, 21). Dietary variables were energy-adjusted by regression analysis. 

This approach allowed us to focus on the composition of diets independent of total energy 

intake (22).

Physical activity was self-reported using a validated, biennial questionnaire (23). 

Participants were asked to note the average time per week spent in recreational activity 

(walking, jogging, running, bicycling, lap swimming, tennis, squash or racquet ball, 

calisthenics, rowing, stair climber or ski machine) during the previous year. Each physical 

activity was assigned a metabolic equivalent of tasks (MET) score based on energy 

expenditure (24). Physical activity with a MET score of at least 6 were classified as 

vigorous, and those with MET score less than 6 was categorized as non-vigorous (11, 13). 

Height was recorded at baseline in 1986, and body weight was updated biennially. Body 

mass index (BMI) was calculated as weight in kilograms divided by height in meters 

squared (kg/m2).

Assessment of smoking habits had been reported previously (25). Participants provided 

information about past smoking habits in baseline questionnaire in 1986. Current smoking 

status and the number of cigarettes smoked daily were updated in the biennial questionnaire. 

Cumulative pack-years smoked was derived from this information. For participants who did 

not respond to questionnaire items on red meat intake, dietary fiber intake, physical activity, 

and weight, their responses from previous cycle were used. This carry-forward was limited 

to 4 years, which is the cycle length of the FFQ. Intervals with missing data after carry-

forward were excluded. We also assessed other factors that had been shown to be risk factors 

for diverticulitis (16, 26). These factors included the use of non-steroid anti-inflammatory 

drugs (NSAID), aspirin and acetaminophen which were assessed regularly in the biennial 

questionnaire.

Definition of Low-risk Lifestyle

Low-risk lifestyle was defined for calculation of population-attributable risk (PAR). Five 

lifestyle factors were considered based on their association with diverticulitis: total red meat 

intake, dietary fiber intake, vigorous physical activity, BMI, and smoking. For red meat 

intake, we defined low-risk as average daily red meat intake less than 51 grams per 2000 

kcal energy intake based on United States Department of Agriculture Food Pattern 

recommendation (27). This is roughly fewer than 4 servings of red meat weekly. The 

standard serving size was 140 grams (5 ounces) for beef or pork as main dish, 85 grams (3 

ounces) for other unprocessed red meat, and < 50 grams for processed red meat such as 

bacon (13 grams) or hot dogs (45 grams). Healthy dietary fiber intake was defined as daily 

fiber intake in the highest 40% of the cohort (approximately 23 grams of dietary fiber or 

more daily). For vigorous physical activity, we defined healthy lifestyle as having vigorous 

physical activity in the highest 50% of the cohort among participants with non-zero vigorous 

physical activity. This is roughly equivalent to at least two hours of jogging, running, biking, 

swimming, or playing tennis weekly. We defined optimal weight as a BMI between 18.5 and 

24.9 kg/m2, which is the normal BMI range defined by the World Health Organization (28). 

We also defined participants who never smoked as having low-risk lifestyle. We evaluated 

the association between number of low-risk lifestyle factors and diverticulitis risk. As a 
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sensitivity analysis, a more lenient low-risk lifestyle was defined as red meat intake fewer 

than 5 servings per week, dietary fiber intake in the highest 50% of the cohort, any vigorous 

physical activity, a BMI less than 27.5 kg/m2, and participants who were not smoking 

currently.

The dichotomized variables may not fully account for the risk gradients in diverticulitis at 

more extreme values. Therefore, we calculated an expanded lifestyle score by assigning 

scores of 1 (lowest risk) to 5 (highest risk, 3 for BMI) to the categories of lifestyle factors 

and summed the scores for every participant (score range, 5–23 points). For this analysis, 

lowest-risk was defined as red meat intake in the lowest quintile, dietary fiber intake in the 

highest quintile, vigorous physical activity in the highest quartile among participants with 

non-zero vigorous physical activity, BMI less than 24.9 kg/m2, and never smoker.

Ascertainment of Diverticulitis

Our primary endpoint was incident diverticulitis. Since 1990, participants who reported 

newly diagnosed diverticular disease were sent supplementary questionnaires to ascertain 

date of diagnosis, presenting symptoms, diagnosis procedures, and treatment. Beginning in 

2006, we administered a revised supplementary diverticular disease questionnaire to assess 

diverticulosis, diverticular bleeding, uncomplicated diverticulitis, and complications of 

diverticulitis including abscess, fistula, perforation, and obstruction. In this study, we 

focused on diverticulitis, which included uncomplicated diverticulitis and complications of 

diverticulitis.

Diverticulitis was defined as abdominal pain attributed to diverticular disease which fulfilled 

one of the following hierarchical criteria: 1) complicated by perforation, abscess, fistula, or 

obstruction; 2) required antibiotics, hospitalization, or surgical intervention; or 3) abdominal 

pain categorized as severe or acute; or pain presenting with fever, requiring medication, or 

evaluated using abdominal computed tomography. We have utilized these criteria in prior 

analyses, and documented the validity of self-reported diverticulitis in this population (6, 10, 

11, 15, 29).

Statistical Analysis

We evaluated the association between five lifestyle factors (total red meat consumption, 

dietary fiber consumption, vigorous physical activity, BMI, and smoking) and risk of 

incident diverticulitis. Participant follow-up time accrued from the return of the baseline 

questionnaire to the first of the following: date of diagnosis of diverticulitis, diverticulosis, 

diverticular bleeding, death, or the end of follow up (December 31st, 2012). We calculated 

age-adjusted and multivariable-adjusted hazards ratios to estimate relative risks (RR) and 

95% confidence intervals (CI) using stratified Cox proportional hazards models. Total 

energy intake (quintiles), current regular aspirin use (yes/no), current regular NSAID use 

(yes/no), and current regular acetaminophen use (yes/no) were adjusted in the multivariable 

model stratified by age (months) and study period (2-year intervals). Tests for linear trend 

were performed using the variables of interest as continuous variables. Tests of non-linearity 

were performed using the likelihood ratio test between models with and without quadratic 

terms of the variables of interest. We compared the final multivariable model with and 
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without interaction terms created with continuous variables by likelihood ratio tests to test 

for potential interactions between the five main lifestyle factors.

We calculated the proportion of diverticulitis that was attributable to non-adherence to each 

individual low-risk lifestyle factor as well as to all five low-risk lifestyle factors after 

keeping all other variables constant. The PAR was calculated by estimating the hazard ratio 

from the multivariable Cox proportional hazard model while controlling for other covariates 

(30, 31). The PAR can be interpreted as the proportion of diverticulitis that would have been 

prevented had all participants adhered to a healthy, low-risk lifestyle. Statistical analyses 

were conducted with SAS version 9.4 (SAS Institute Inc., NC). Significance was set as p 
value less than 0.05 in a two-sided test.

RESULTS

We identified 907 incident cases of diverticulitis over 757,791 person-years of follow-up. 

The age-standardized baseline characteristics according to categories of red meat intake, 

dietary fiber intake, vigorous physical activity, BMI, and smoking status are summarized in 

Table 1. Healthy behaviors, including vigorous physical activity, lower BMI, lower red meat, 

higher dietary fiber intake and less smoking tended to correlate with each other.

The five lifestyle factors were each independently associated with diverticulitis risk. Men in 

the highest quintile of red meat intake had a multivariable RR of 1.43 (95% CI: 1.10–1.85, p 
for trend = 0.026), after adjusting for dietary fiber intake, vigorous physical activity, BMI, 

smoking, and other potential confounders (Table 2). Men in the highest quintile of dietary 

fiber intake had a multivariable RR of 0.77 (95% CI: 0.60–0.98 p for trend = 0.005) 

compared with men in the lowest quintile of dietary fiber intake. Similarly, participants in 

the highest quartile of vigorous physical activity had a multivariable RR of 0.73 (95% CI: 

0.58–0.92, p for trend = 0.003) compared to men without vigorous physical activity. Obese 

men (BMI at least 30 kg/m2) had a multivariable RR of 1.21 (95% CI: 0.97–1.49, p for trend 

= 0.036) for diverticulitis. Finally, participants with a smoking history ≥ 40 pack-years had a 

RR of 1.27 (95% CI: 1.01–1.58, p for trend = 0.003) compared to never smoker. Regular 

NSAID user had a RR of 1.42 (95% CI: 1.20–1.67, p < 0.001) for diverticulitis compared to 

participants who did not use NSAID regularly. There were no interactions between these 

factors on diverticulitis incidence.

Overall, the number of low-risk lifestyle factors was inversely correlated with diverticulitis 

risk (Table 3, p for trend < 0.001). The age-standardized incidences of diverticulitis were 

183 cases/100,000 person-years among men with no low-risk or healthy factors, 131 cases/

100,000 person-years among men with one low-risk factor, 119 cases/100,000 person-years 

among men with two healthy factors, 91 cases/100,000 person-years among men with three 

healthy factors, 82 cases/100,000 person-years among men with four low-risk factors, and 

49 cases/100,000 person-years among participants with all 5 healthy factors. Compared with 

men with no healthy lifestyle factor (12% of the cohort), men with five healthy factors (3% 

of the cohort) had a multivariable-adjusted RR of 0.27 (95% CI: 0.15–0.48) for diverticulitis 

(Figure 1). We found no evidence of a non-linear association between number of low-risk 

lifestyle factors and diverticulitis incidence (p for non-linearity = 0.87). The effects of 

Liu et al. Page 6

Am J Gastroenterol. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



changing from high-risk lifestyle to each low-risk lifestyle factors, sub-grouped by smoking 

status, are summarized in Supplementary Figure 2.

The individual PAR for non-adherence to low-risk lifestyle factors ranged from 7% for 

smoking to 21% for vigorous physical activity (Table 4). In the entire cohort, the PAR for 

non-adherence to healthy lifestyle was 50% (95% CI: 20% to 71%), suggesting that 50% of 

diverticulitis could have been prevented had all men pursued a healthy lifestyle. When 

regular NSAID use was included in the model, the PAR for non-adherence to healthy 

lifestyle was 53% (95% CI: 23% to 74%). In a sensitivity analysis using a more lenient 

definition of low-risk lifestyle, the PAR for non-adherence to healthy lifestyle was 31% 

(95% CI: 8% to 51%, Supplementary Table 1). When we used an expanded lifestyle score to 

estimate PAR, the results were similar to the PAR estimation based on binary lifestyle 

factors (Supplementary Figure 3).

DISCUSSION

In this large, prospective study of men, dietary red meat intake, low dietary fiber intake, lack 

of vigorous physical activity, BMI ≥ 25 kg/m2, and smoking were independently associated 

with an increased risk of diverticulitis. Adherence to a low-risk lifestyle (average red meat 

intake less than 51 grams daily, dietary fiber intake in the highest 40% of the cohort, 

vigorous physical activity in the highest 50% of the cohort among participants with non-zero 

vigorous physical activity, BMI between 18.5 and 24.9 kg/m2, and never smoker) was 

linearly and inversely associated with diverticulitis risk. Men at low-risk for all 5 factors had 

a 73% decreased diverticulitis risk compared with men with no low-risk factor. Assuming 

these associations are causal, half of diverticulitis cases may have been prevented if all men 

adhered to a low-risk lifestyle. Our results support the enormous potential of lifestyle 

modification for the prevention of diverticulitis in addition to other potential health benefits.

Previous population-based studies have evaluated separately the association between various 

lifestyle factors and incidence of diverticulitis (8, 10–12, 14, 16, 17, 32). Evidence revealed 

that red meat intake, low dietary fiber intake, physical inactivity, obesity, and smoking, are 

associated with diverticulitis. Our work further examined the joint effects of lifestyle factors 

on the risk of incident diverticulitis. As far as we know, no prior study has examined the 

combined effects of lifestyle factors on diverticulitis. Our results indicate that lifestyle 

patterns may act jointly and independently to influence risk for diverticulitis.

The PAR estimate is population-specific. The generalizability of our results to women, a 

younger population, or other ethnic groups is limited. The HPFS is a unique population in 

that health professionals tend to pursue a healthier lifestyle. For example, fewer than 30% of 

US people aged 45 to 74 years maintain a BMI less than 25 kg/m2 (33). In contrast, 43% of 

HPFS participants maintain a normal BMI. US men in this age group consume roughly 19 

grams of dietary fiber per day, while HPFS participants consume more than 22 grams of 

dietary fiber daily (34). Finally, although we do not have data about prevalence of vigorous 

physical activity in the general population, only 45% of US people aged 45 to 74 years met 

the general physical activity goal of 7.5 MET-hour per week, while more than 75% of men 

in HPFS cohort met this target (33). Overall, the prevalence of low-risk lifestyle factors is 
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lower in the general population than in the HPFS. Hence, adherence to a low-risk lifestyle 

may have prevented an even larger absolute proportion of incident diverticulitis cases in a 

population that is more reflective of the general population. Finally, we did not employ a 

strict threshold for describing a low-risk profile to allow for more meaningful translation 

into public health actions. In a sensitivity analysis using an even more lenient threshold for 

low-risk lifestyle, more than one-fourth of diverticulitis cases could have been prevented 

with adherence to health lifestyle.

To our knowledge, there are no proven medical means to prevent either incident or recurrent 

diverticulitis. Six randomized, placebo controlled clinical trials of mesalamine, as well as a 

meta-analysis, failed to show a benefit of this medication in the prevention of recurrent 

diverticulitis (35). Small trials of probiotics and rifaximin for the prevention of recurrent 

diverticulitis have been inconclusive. Furthermore, the benefits of elective colonic resection 

for the prevention of recurrent uncomplicated diverticulitis are unclear, and recent guidelines 

have generally tended against recommending surgical prophylaxis based on the number of 

diverticulitis episodes (36). Finally, NSAID, while not one of lifestyle factors per se, 

appeared to increase the risk of diverticulitis (26, 32). In this study, regular NSAID user had 

a RR of 1.42 for diverticulitis compared to participants who did not use NSAID regularly. 

While participants may have been prescribed NSAID for a compelling indication, NSAID 

avoidance may be important for certain patients that are unable to adopt other healthy 

behaviors. Thus, given limited alternative options for prevention, our findings suggest that 

lifestyle modifications, smoking cessation, and NSAID avoidance may also play a 

particularly critical role in patients at risk for recurrent episodes of diverticulitis.

The strengths of our study include a large, well-characterized, prospective nationwide cohort 

that has been regularly assessed for more than 25 years. The repeated assessments allowed 

us to examine lifestyle factors throughout follow-up. The detailed lifestyle information 

allowed us to estimate the combined effects of distinct lifestyle factors to finely adjust for 

potential confounders and to calculate the proportion of diverticulitis that was attributable to 

non-adherence to a low-risk lifestyle. We were also able to distinguish diverticulitis from 

diverticular bleeding and uncomplicated diverticulosis, which appear to have distinct risk 

factors.

There are certain limitations in this study. First, the observational nature of the study 

precluded us from ruling out residual confounding. Second, the study relied on self-reported 

questionnaires, which may be subject to measurement error. However, the accuracy of self-

reported lifestyle factors and diverticulitis has been validated in this cohort (11, 15, 29). 

Misclassification bias, if present, tends to bias the association towards the null. Such bias is 

likely to be non-differential, and likely underestimates the true population effects (37). 

Third, we dichotomized each lifestyle factor for estimation of PAR, while the relationship 

between lifestyle factors and diverticulitis risk may be more complex. Nonetheless, 

classification of exposures into two levels yields an unbiased estimate of attributable risk 

when misclassification is non-differential, and the simplicity of dichotomized cut-points 

may help in forming discrete public health guidance (38). Furthermore, the estimated PAR 

was similar when we used an expanded lifestyle score to estimate PAR. Fourth, the cohort 

consisted only of White male health professionals. The generalizability to women, other 
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ethnic groups, and people with different socioeconomic status is limited. Finally, the PAR 

estimates assume a causal relationship between lifestyle factors and diverticulitis risk. 

Adequate clinical trials are required to establish the causal linkage between modifiable 

lifestyle factors and disease incidence. However, large-scale, long-term trials assessing the 

effects of various lifestyle factors on diverticulitis risk would be challenging to execute. In 

the absence of such trials, carefully performed observational studies provide a reasonable 

approach for evaluating the association between lifestyle factors and risk of diverticulitis.

CONCLUSION

In summary, we found that red meat intake, low dietary fiber intake, lack of vigorous 

physical activity, obesity, and smoking were jointly and independently associated with 

increased risk of diverticulitis. An overall low-risk lifestyle was associated with a 50% lower 

risk of diverticulitis. Adherence to a low-risk lifestyle may be an effective strategy for 

preventing diverticulitis. Given the high burden of diverticulitis on the US population and 

the lack of alternative preventive interventions, broader adoption of a healthy, low-risk 

lifestyle may have a substantial impact on the health care landscape.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STUDY HIGHLIGHTS

What is current knowledge

• Diverticulitis is a common disease with high clinical and economic burden.

• The combine effect of multiple lifestyle factors on incidence of diverticulitis 

incidence is underexplored.

What is new here

• Red meat, dietary fiber, vigorous physical activity, body mass index, and 

smoking appear to act jointly and independently to influence the incidence of 

diverticulitis.

• Adherence to low-risk lifestyle potentially prevents half of incidence 

diverticulitis.
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Figure 1. Number of low-risk factors and risk of diverticulitis
Low-risk lifestyle factors were defined as total red meat intake less than 51 grams daily, 

dietary fiber intake in the highest 40% of the cohort, vigorous physical activity in the highest 

50% of the cohort among participants with non-zero vigorous physical activity, normal body 

mass index between 18.5 and 24.9 kg/m2, and never smoker. Number of low-risk lifestyle 

factors were linearly and inversely associated with risk of diverticulitis. Error bars indicate 

95% confidence intervals.
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