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IVERTICULAR DISEASE IS A COM-~

mon and costly digestive dis-

order in Western countries.

One-third of the US popula-
tion will develop diverticulosis by the age
of 60 years and two-thirds by the age of
85 years.!? Complications, including di-
verticulitis and diverticular bleeding, oc-
cur in an estimated 10% to 35% of per-
sons with diverticulosis.*” Treatment of
these complications frequently necessi-
tates hospitalization and invasive pro-
cedures, including surgery. At least $2.4
billion in direct health care costs and
3400 deaths are attributed to diverticu-
lar disease in the United States each
year,®” and the medical and economic
impact of this disorder is likely to in-
crease substantially as the population
ages.

Historically, physicians have ad-
vised individuals with diverticular dis-
ease to avoid nuts, seeds, popcorn, corn,
and other high-residue foods.”®? This
recommendation stems from the theory
that luminal trauma is a causal mecha-
nism for both diverticulitis and diver-
ticular bleeding.'®!* Stool may lodge
within a diverticulum, obstruct the
neck, or abrade the mucosa and pre-
cipitate inflammation or bleeding.""
Nuts, seeds, popcorn, and corn are pre-
sumed to be particularly likely to abrade
the mucosa or to lodge within small di-
verticula.” However, the biological
mechanisms responsible for diverticu-
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Context Patients with diverticular disease are frequently advised to avoid eating nuts,
corn, popcorn, and seeds to reduce the risk of complications. However, there is little
evidence to support this recommendation.

Objective To determine whether nut, corn, or popcorn consumption is associated
with diverticulitis and diverticular bleeding.

Design and Setting The Health Professionals Follow-up Study is a cohort of US men
followed up prospectively from 1986 to 2004 via self-administered questionnaires about
medical (biennial) and dietary (every 4 years) information. Men reporting newly diag-
nosed diverticulosis or diverticulitis were mailed supplemental questionnaires.

Participants The study included 47 228 men aged 40 to 75 years who at baseline
were free of diverticulosis or its complications, cancer, and inflammatory bowel dis-
ease and returned a food-frequency questionnaire.

Main Outcome Measures Incident diverticulitis and diverticular bleeding.

Results During 18 years of follow-up, there were 801 incident cases of diverticulitis
and 383 incident cases of diverticular bleeding. We found inverse associations be-
tween nut and popcorn consumption and the risk of diverticulitis. The multivariate haz-
ard ratios for men with the highest intake of each food (at least twice per week) com-
pared with men with the lowest intake (less than once per month) were 0.80 (95%
confidence interval, 0.63-1.01; P for trend=.04) for nuts and 0.72 (95% confidence
interval, 0.56-0.92; P for trend=.007) for popcorn. No associations were seen be-
tween corn consumption and diverticulitis or between nut, corn, or popcorn consump-
tion and diverticular bleeding or uncomplicated diverticulosis.

Conclusions In this large, prospective study of men without known diverticular dis-
ease, nut, corn, and popcorn consumption did not increase the risk of diverticulosis or
diverticular complications. The recommendation to avoid these foods to prevent di-
verticular complications should be reconsidered.
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lar complications remain poorly un-
derstood. Aside from luminal trauma,
potential inciting factors include el-
evated colonic pressures, compro-
mised colon wall integrity, and al-
tered bacterial flora.'*?° To our
knowledge, there is no evidence to sup-
port consumption of nuts, corn, pop-
corn, or seeds as a risk factor.
Compelling evidence suggests that
nuts are an important part of a healthy
diet. Nuts are high in protein, unsat-
urated fats, fiber, vitamins, minerals,
and other micronutrients. A diet high
in nuts may protect against many com-

mon diseases, including cardiovascu-
lar disease, diabetes, cancer of the co-
lon and prostate, and cholelithiasis.?*2

Author Affiliations: University of Washington School of
Medicine, Seattle (Dr Strate); Division of Gastroenterol-
ogy, Department of Medicine, Harborview Medical Cen-
ter, Seattle (Dr Strate); Departments of Nutrition (Ms Liu
and Dr Giovannucci) and Epidemiology (Dr Giovannucci),
Harvard School of Public Health, Boston, Massachusetts;
Harvard Medical School, Boston (Drs Syngal and Giovan-
nucci); Division of Gastroenterology (Dr Syngal) and Chan-
ning Laboratory (Dr Giovannucci), Department of Medi-
cine, Brigham and Women's Hospital, Boston; Division
of Population Sciences, Dana Farber Cancer Institute, Bos-
ton (Dr Syngal); and Wyeth Consumer Healthcare Inc,
Mississauga, Ontario, Canada (Dr Aldoori).
Corresponding Author: Lisa L. Strate, MD, MPH, Har-
borview Medical Center, 325 Ninth Ave, Box 359773,
Seattle, WA 98104 (Istrate@u.washington.edu).

(Reprinted) JAMA, August 27, 2008—Vol 300, No. 8 907

Downloaded from jama.ama-assn.org by guest on February 13, 2012


http://jama.ama-assn.org/

NUTS, CORN, AND POPCORN AND DIVERTICULAR DISEASE

The potential health benefits of nut
consumption paired with the large num-
ber of individuals with diverticulosis
makes it timely and important to study
the long-held belief that eating nuts and
other high-residue foods is associated
with diverticular complications. We ex-
amined the association between nut,
corn, and popcorn consumption and
complicated diverticular disease in a large
prospective cohort.

METHODS
Study Population

The Health Professionals Follow-up Study
isaprospective cohort study initiated in
1986 when 51 529 male dentists, veteri-
narians, pharmacists, optometrists, osteo-
pathic physicians, and podiatrists aged 40
to 75 years returned a self-administered
questionnaire covering diet, lifestyle, and
medical history. Follow-up questionnaires
have been mailed biennially to update in-
formation on newly diagnosed conditions
and potential risk factors for disease and
every 4 years to assess diet viaa semiquan-
titative, validated food-frequency ques-
tionnaire. The mean follow-up rate is
greater than 90%.

Men who reported a diagnosis of di-
verticulosis or its complications (n=224),
cancer other than nonmelanoma skin
cancer (n=2000), or inflammatory bowel
disease (n=475) at baseline in 1986 were
excluded from the analysis. In addi-
tion, we excluded men with mean daily
intakes of food outside the range of 800
to 4200 kcal (n=6) and men who failed
to return the food-frequency question-
naire (n=1596). After these baseline ex-
clusions, the study cohort consisted of
47 228 men who were followed up from
1986 to 2004.

Assessment of Diverticular
Complications

The primary end points were incident
diverticulitis and diverticular bleed-
ing. Beginning in 1990, biennial fol-
low-up questionnaires assessed whether
diverticulosis or diverticulitis had been
diagnosed in the preceding 2 years.
Supplemental questionnaires were sent
to all participants reporting diverticu-
lar disease. Response rates have been
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84% or greater. Five questions pertain-
ing to the diagnosis of diverticular dis-
ease were addressed: month and year
of diagnosis; procedures done to con-
firm the diagnosis; symptoms leading
to the detection of diverticular dis-
ease; diet modification prior to the date
of diagnosis as a result of symptoms;
and treatment received. Trained ab-
stractors entered data, including infor-
mation contained in any free text. All
questions arising during data abstrac-
tion, particularly those pertaining to free
text, were reviewed with a study inves-
tigator (L.L.S.) who was blinded to ex-
posure status.

End point definitions were based on
responses to the supplemental question-
naire and were used to refine the self-
report of diverticular complications. Di-
verticulitis was defined as abdominal pain
attributed to diverticular disease and 1
of the following criteria: (1) compli-
cated by fistula, abscess, perforation, or
obstruction; (2) treated with antibiot-
ics, hospitalization, or surgery; or (3) de-
scribed as severe or acute or presenting
with fever, requiring medication, or
evaluated with computed tomography.
Diverticular bleeding was defined as rec-
tal bleeding attributed to diverticular dis-
ease and 1 of the following criteria: (1)
requiring hospitalization, intravenous
fluids, blood transfusion, angiography,
nuclear medicine scanning, or surgery;
(2) described as profuse; or (3) without
other potential gastrointestinal, rectal, or
anal sources in men whose bleeding was
not evaluated as part of a routine endos-
copy or barium study. The first 2 crite-
ria for diverticulitis and diverticular
bleeding were considered the most strin-
gent and were used in sensitivity analy-
ses for the end point definitions. These
definitions were intended to identify the
spectrum of patients with diverticular
complications, including those man-
aged in the outpatient setting (which
make up a majority of patients with un-
complicated diverticulitis).® Men who re-
ported asymptomatic diverticulosis or
nonspecific symptoms such as pain or
change in bowel habits but did not meet
these criteria were categorized as un-
complicated diverticulosis.

A total of 179 medical records from
men reporting diverticular disease on the
1990 and 1992 questionnaires were re-
viewed (by L.L.S.) to assess the validity
of self-reporting. The record review was
blinded to self-report. Diverticular dis-
ease (complicated or uncomplicated)
was confirmed in 97%. The diagnosis in
the medical record matched the study
end point definition in 85% of charts re-
viewed. Fifty percent of the uncorrobo-
rated cases had diverticulitis or diver-
ticular bleeding on chart review but were
classified as uncomplicated disease based
on self-report.

Assessment of Nut, Corn,
and Popcorn Consumption

Dietary information was ascertained from
asemiquantitative food-frequency ques-
tionnaire that was validated in this co-
hort.” Participants were asked to indicate
how frequently on average they consumed
astandard portion of 131 specified food
items during the previous year according
to 9 response categories (never or less than
onceamonth, 1-3 times per month, once
per week, 2-4 times per week, 5-6 times
per week, once aday, 2-3 times daily, 4-5
times daily, more than 6 timesa day). Nut
consumption was ascertained via ques-
tions regarding the average frequency of
consumption of a 1-ounce serving of pea-
nuts, walnuts, or other nuts. Walnuts were
added as a distinct category of nuts in
1998. The food questionnaire also sepa-
rately assessed consumption of fat-free or
light popcornand regular popcorn (1 stan-
dard unit was equivalent to 3 cups). Corn
consumption was documented inasingle
question (a typical serving was equal to
1 ear or one-half cup of kernels). Simple
updating was used to assess dietary infor-
mation such that the food questionnaire
immediately preceding the follow-up in-
terval of interest was used in the analy-
sis. The mean time interval between di-
etary assessiment and study end point was
28.4months. Total nutand popcorn con-
sumption were calculated as the sum of
the nut and popcorn items, respectively.
Frequency categories for total nut, corn,
and popcorm consumption were collapsed
into4 categories: less than once per month,
1 to 3 times per month, once per week,
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and 2 or more times per week. Categories
were created for missing nut, corn, and
popcorn data. Data on consumption was
missing at baseline for 412 participants
(0.9%) for nuts, 767 participants (1.6%)
for corn, and 758 participants (1.6%) for
popcorn.

Assessment of Other Potential
Risk Factors

We also assessed a number of dietary,
lifestyle, and medical factors that have
been implicated as risk factors for com-
plicated or symptomatic diverticular
disease in this cohort and/or in other
studies.?®?** These included red meat
and total dietary fiber and fat intake,
which were assessed on the semiquan-
titative food-frequency question-
naires. Dietary fat and fiber amounts
were calculated by multiplying the con-
sumption frequency of a specified serv-
ing size by the corresponding nutrient
content derived from food composi-
tion tables. Total fat and fiber consump-
tion were adjusted for total energy in-
take using regression analysis.

We also considered physical activ-
ity as a potential risk factor. On bien-
nial questionnaires, men were asked to
indicate the average time spent each
week engaged in any of 10 moderate to
vigorous activities in addition to the
number of flights of stairs climbed each
day. Physical activity was summed and
expressed in metabolic equivalent
(MET) hours per week. (One MET is
equivalent to 1 kcal of energy ex-
pended per kilogram of body weight per
hour while at rest.) Current weight as
reported on biennial questionnaires and
height reported at baseline were used
to calculate body mass index (weight
in kilograms divided by height in me-
ters squared). Current, regular use of
nonsteroidal anti-inflammatory drugs
including aspirin and acetaminophen
was also assessed and updated every 2
years, as was cigarette smoking.

Statistical Analysis

Person-years of follow-up accrued from
the date of return of the 1986 baseline
questionnaire to the month of the first
diagnosis of diverticular disease (di-
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verticulosis or a complication), death,
or the end of follow-up (December 31,
2004). Men who reported a new diag-
nosis of diverticulitis, diverticular bleed-
ing, uncomplicated diverticulosis, gas-
trointestinal cancer, or inflammatory
bowel disease were censored at the date
of diagnosis.

Cox proportional hazards models
were employed to estimate the hazard
ratio (HR) and 95% confidence inter-
val (CI) for each study end point (di-
verticulitis and diverticular bleeding)
adjusted for age (1-year intervals) and
study period (2-year intervals)." Men
in the highest intake category of nuts,
corn, and popcorn were compared with
men in the lowest category. Multivar-
iate models were also developed to ad-
just for other known or potential risk
factors for diverticular complications.
Covariates included in the models in-
cluded age, study period, total energy-
adjusted fat intake (quintiles), total en-
ergy-adjusted fiber intake (quintiles),
red meat intake (quintiles), physical ac-
tivity level (quintiles), body mass in-
dex (6 categories), current use of non-
steroidal anti-inflammatory drugs (yes/
no), current use of acetaminophen (yes/
no), and current cigarette smoking
(never, past, <15 cigarettes/d, =15
cigarettes/d). The Wald test was used
to test for linear trend using the me-
dian value of each of the 4 intake cat-
egories as a continuous variable. The
proportional hazards assumption was
tested for nut, corn, and popcorn in-
take by creating interaction terms be-
tween the exposure and the time pe-
riod and participant age; there were no
significant departures (P>.05 for all in-
teraction terms).

All analyses were performed using
SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina). All analyses were
2-sided, and a P value of less than .05
was considered statistically signifi-
cant. Return of the self-administered
study questionnaire was regarded as in-
formed consent. The institutional re-
view boards of the Harvard School of
Public Health and the Brigham and
Women’s Hospital approved the study
protocol.

RESULTS

We identified 801 incident cases of di-
verticulitis and 383 incident cases of di-
verticular bleeding during 730 446 per-
son-years of follow-up. Baseline
characteristics of the cohort catego-
rized by nut, corn, and popcorn con-
sumption and standardized for age are
shown in TABLE 1. Twenty-seven per-
cent of participants reported eating nuts
at least twice per week. Corn and pop-
corn each were consumed at least twice
aweek in 15%. Consumption of less than
1 serving per month of nuts, corn, and
popcorn was noted in 25%, 12%, and
36% of men, respectively. Participants in
the highest category of nut consump-
tion tended to be older and to consume
more alcohol but were slightly more
physically active than those in the low-
est category. Compared with men with
the lowest intake of corn, men with the
highest intake generally consumed more
fiber and red meat but less alcohol. Men
who ate popcorn at least twice per week
were, in general, younger, more likely to
use analgesics, and more likely to be non-
smokers than those who ate popcorn less
than once per month.

Nut, corn, and popcorn consump-
tion was not associated with an in-
creased risk of complicated diverticular
disease. Instead, we observed inverse re-
lationships between nut and popcorn
consumption and the risk of diverticu-
litis (TABLE 2). After adjustment for other
known and potential risk factors for di-
verticular complications, the multivari-
ate HRs for men with the highest intake
of each food (at least twice per week)
compared with men with the lowest in-
take (less than once per month) were
0.80 (95% CI,0.63-1.01; P for trend=.04)
for nuts and 0.72 (95% CI, 0.56-0.92; P
for trend=.007) for popcorn. The popu-
lation-attributable risks of developing in-
cident diverticulitis associated with low
consumption (less than 2 times per week
compared with more than 2 times per
week) were 6005 per 100 000 men for
nuts and 6558 per 100 000 men for pop-
corn. Although the P for trends for the
associations between increasing con-
sumption of nuts and popcorn and the
risk of diverticulitis were significant, the

(Reprinted) JAMA, August 27, 2008—Vol 300, No. 8 909

Downloaded from jama.ama-assn.org by guest on February 13, 2012


http://jama.ama-assn.org/

NUTS, CORN, AND POPCORN AND DIVERTICULAR DISEASE

patterns of the HRs across consump-
tion categories did not indicate dose-
response relationships (Table 2). No
association was seen between corn con-
sumption and diverticulitis. For diver-
ticular bleeding, there were no signifi-
cant associations observed for nut, corn,
or popcorn consumption (TABLE 3).
Compared with men with the lowest in-
take, the multivariate HRs for men with
the highest intake were 1.08 for nuts

(95% CI, 0.77-1.49; P for trend=.89),
1.07 for corn (95% CI, 0.67-1.71; P for
trend=.97), and 0.82 for popcorn (95%
CI, 0.59-1.15; P for trend=.63).

To account for the possibility that
symptoms of undiagnosed diverticu-
lar disease may have led to a reduction
in nut, corn, or popcorn consump-
tion, we performed a 2-year time lag
analysis with respect to ascertainment
of diet and diagnosis of diverticular

complications (eg, data from the 1986
food-frequency questionnaire were used
for the 1990-1992 disease follow-up).
The inverse association between fre-
quent nut consumption and the risk of
diverticulitis was strengthened (mul-
tivariate HR, 0.76; 95% CI, 0.61-0.96;
P for trend=.03 in a high/low compari-
son), and the association for popcorn
was attenuated (multivariate HR, 0.89;
95% CI,0.70-1.13; P for trend=.21). No

- _____________________________________________________________________________________________]
Table 1. Baseline Characteristics According to Nut, Corn, and Popcorn Consumption?

Servings, No.

Nuts Corn Popcorn
<1 per mo =2 per wkI I <1 per mo =2 per wkI I <1 per mo =2 per wkI

No. of individuals 11860 12928 5784 6973 16958 72783
Age, mean (SD), y 54 (10.0) 60 (9.6) 56 (9.7) 53(9.8) 57 (9.8) 51 (9.0)
BMI, mean (SD)P 25.0 (8.5) 24.8 (3.9 24.9 (3.5) 25.0 (3.7) 24.7 (3.4) 25.3 (3.4)
Physical activity, mean (SD), MET h/wk 25 (28.0) 27 (31.0) 27 (29.1) 27 (31.7) 26 (30.6) 26 (31.1)
Current smoking, % 10.1 9.9 9.9 9.8 11.2 7.6
Current use of NSAIDs, % 32 34 33 32 31 36
Daily intake, mean (SD)

Alcohol, g 8(15.0) 133(166) 120(165) 7 (14.6) 11.5 (16.1) 11.2 (15.1)

Total fat, g© 69 (15.9) 74 (15.2) 71(15.6) 9 (13.8) 71(14.6) 72 (13.9)

Total fiber, g© 21(7.7) 22 (7.4) 20 (7.9) 4 (7.3) 20 (7.3) 23(7.2)

Red meat servings, No. 4.0 (8.1) 4.4 (3.3) 3.3(2.8) 3(3.6) 4.0 (8.0 4.6 (3.4)

Abbreviations: BMI, body mass index; MET, metabolic equivalents; NSAIDs, nonsteroidal anti-inflammatory drugs.
aAll characteristics except for age were age standardized. The total number of individuals differs from the total study population because of missing values for consumption of nuts
(n=412), comn (n = 767), and popcorn (n = 758) at baseline.
bCa\cuIated as weight in kilograms divided by height in meters squared.
CTotal fat and fiber were adjusted for total energy intake (kilocalorie).

- ____________________________________________________________________________________]
Table 2. Risks for Diverticulitis According to the Frequency of Nut, Corn, and Popcorn Consumption

Frequency of Consumption, No. of Servings

I ] P Value
Variable <1 per mo 1-3 per mo 1 per wk =2 per wk for Trend
Nuts
No. of cases? 199 138 221 133
Person-years 167 825 116892 171950 149354
Age-adjusted HR (95% CI)P 1 [Reference] 1.00 (0.80-1.24) 1.10(0.91-1.34) 0.77 (0.61-0.95) .006
Multivariate HR (95% CI)°© 1 [Reference] 0.97 (0.78-1.21) 1.10 (0.90-1.34) 0.80 (0.63-1.01) .04
Corn
No. of cases? 85 295 207 94
Person-years 75620 241893 197 299 85639
Age-adjusted HR (95% CI)P 1 [Reference] 1.09 (0.86-1.39) 0.95 (0.74-1.23) 1.00 (0.75-1.35) .64
Multivariate HR (95% CI)°© 1 [Reference] 1.08 (0.85-1.38) 0.98 (0.76-1.27) 1.13 (0.83-1.54) 44
Popcorn
No. of cases? 242 223 126 92
Person-years 198936 179739 117 400 105201
Age-adjusted HR (95% CI)P 1 [Reference] 1.01 (0.84-1.22) 0.88 (0.71-1.09) 0.71 (0.56-0.91) .004
Multivariate HR (95% ClI)© 1 [Reference] 0.98 (0.82-1.19) 0.87 (0.70-1.09) 0.72 (0.56-0.92) .007

Abbreviations: Cl, confidence interval; HR, hazard ratio.
aThe total number of cases varies slightly between nut, corn, and popcorn consumption because of missing information for individual food items. For diverticulitis, information on
recent intake (simple updating) was missing for nuts in 110 cases, for corn in 120 cases, and for popcorn in 118 cases. Dietary information was updated every 4 years; age, body
mass index, physical activity level, medication use, and cigarette smoking were updated every 2 years.
Values adjusted for age and study time period.
CValues adjusted for age; study time period; body mass index; physical activity level; total daily caloric intake; intake of nuts, corn, popcorn, total fat, total fiber, and red meat; current
use of nonsteroidal anti-inflammatory drugs; current use of acetaminophen; and current cigarette smoking.
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significant associations were observed
between nut, corn, or popcorn con-
sumption and diverticular bleeding in
the time lag analysis.

In addition, we performed several
analyses to explore the possibility that
nut, corn, and popcorn consumption in-
fluences the development of diverticu-
losis. We examined the relationship be-
tween consumption of these foods and
uncomplicated diverticulosis (restrict-
ing the analysis to men who had under-
gone prior lower endoscopy to mini-
mize detection bias) and found no
significant associations. The multivari-
ate HR for nuts was 0.91 (95% CI, 0.78-
1.07; P for trend =.26), for corn was 0.98
(95% CI,0.78-1.23; P for trend = .83), and
for popcorn was 0.93 (95% CI, 0.78-
1.10; P for trend=.38). To better isolate
the independent effect of very recent diet
from the long-term effect of past diet, we
added baseline consumption of nuts,
corn, and popcorn to the multivariate
models. The associations between re-
cent intake of these foods and diverticu-
litis and diverticular bleeding remained
unchanged. No significant associations
were seen for baseline consumption of
nuts, corn, or popcorn and diverticuli-
tis or diverticular bleeding. For diver-
ticulitis, the multivariate HRs for base-

NUTS, CORN, AND POPCORN AND DIVERTICULAR DISEASE

line consumption were 0.95 for nuts
(95% CI, 0.77-1.16; P for trend=.52),
1.02 for corn (95% CI, 0.75-1.38; P for
trend=.44), and 0.92 for popcorn (95%
CI, 0.73-1.15; P for trend=.40) in high
to low comparisons. The multivariate
HRs for baseline consumption and di-
verticular bleeding were 0.85 for nuts
(95% CI, 0.61-1.18; P for trend=.18),
0.97 for corn (95% CI, 0.62-1.52; P for
trend=.64), and 1.30 for popcorn (95%
CI, 0.89-1.92; P for trend= .73).

A sensitivity analysis for each end
point was performed by including only
men with the strongest evidence of di-
verticular complications. The study end
points were restricted to men meeting
either of the first 2 end point criteria.
For diverticulitis, this included men re-
porting an abscess, fistula, perfora-
tion, obstruction, hospitalization, sur-
gery, or antibiotics (n=235), and for
diverticular bleeding men reporting
profuse bleeding or bleeding requir-
ing hospitalization, intravenous flu-
ids, blood transfusions, angiography,
nuclear medicine scanning, or sur-
gery (n=70). In this analysis, the in-
verse relationship between frequent vs
infrequent nut consumption and di-
verticulitis was all but lost (multivari-
ate HR, 0.97; 95% CI, 0.63-1.47; P for

trend=.88) while that for popcorn was
strengthened (multivariate HR, 0.55;
95% CI, 0.34-0.90; P for trend=.01). In
the sensitivity analyses for diverticu-
lar bleeding, there were no significant
associations seen for nut, corn, or pop-
corn consumption.

Finally, although we were unable to
assess total seed intake, we did examine
the relationship between combined
strawberry and blueberry consumption
and diverticular complications and found
no significant association. (The small
seeds found in berries have been impli-
cated in diverticular complications.) The
multivariate HRs for consumption of ber-
ries at least twice per week compared
with less than once a month were 0.87
for diverticulitis (95% CI, 0.65-1.16; P
for trend=.37) and 0.86 for diverticular
bleeding (95% CI, 0.57-1.30; P for
trend=.54).

COMMENT

Data from this large prospective cohort
of men followed up for 18 years indi-
cate that frequent nut, corn, and pop-
corn consumption is not associated with
an increased risk of diverticular compli-
cations. Indeed, nut and popcorn con-
sumption appears to be inversely asso-
ciated with the risk of diverticulitis

]
Table 3. Risks for Diverticular Bleeding According to the Frequency of Nut, Corn, and Popcorn Consumption

Frequency of Consumption, No. of Servings

I ] P Value
Variable <1 per mo 1-3 per mo 1 per wk =2 per wk for Trend
Nuts
No. of cases? 92 64 90 75
Person-years 167825 116892 171950 149354
Age-adjusted HR (95% ClI) 1 [Reference] 1.02 (0.74-1.40) 1.00 (0.75-1.33) 0.93 (0.68-1.26) .56
Multivariate HR (95% CI)P 1 [Reference] 1.05 (0.76-1.45) 1.08 (0.80-1.45) 1.08 (0.77-1.49) .89
Corn
No. of cases?® 38 127 116 38
Person-years 75620 241893 197299 85639
Age-adjusted HR (95% ClI) 1 [Reference] 1.09 (0.76-1.57) 1.27 (0.88-1.83) 0.95 (0.61-1.49) .64
Multivariate HR (95% CI)P 1 [Reference] 1.16 (0.80-1.67) 1.40 (0.96-2.04) 1.07 (0.67-1.71) .97
Popcorn
No. of cases? 130 85 50 53
Person-years 198936 179739 117 400 105201
Age-adjusted HR (95% Cl) 1 [Reference] 0.79 (0.60-1.04) 0.73(0.53-1.02) 0.86 (0.62-1.19) 52
Multivariate HR (95% CI)P 1 [Reference] 0.75 (0.57-1.00) 0.70 (0.50-0.98) 0.82 (0.59-1.15) .63

Abbreviations: Cl, confidence interval; HR, hazard ratio.

aThe total number of cases varies slightly between nut, corn, and popcorn consumption because of missing information for individual food items. For diverticular bleeding, infor-
mation on recent intake (simple updating) was missing for nuts in 62 cases, for corn in 64 cases, and for popcorn in 65 cases. Dietary information was updated every 4 years; age,
body mass index, physical activity level, medication use, and cigarette smoking were updated every 2 years.

Pvalues adjusted for age; study time period; body mass index; physical activity level; total daily caloric intake; intake of nuts, corn, popcorn, total fat, total fiber, and red meat;
current use of nonsteroidal anti-inflammatory drugs; current use of acetaminophen; and current cigarette smoking.
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independent of other known or poten-
tial risk factors, including age; body mass
index; dietary fat, fiber, and red meat con-
sumption; physical activity; cigarette
smoking; and the use of nonsteroidal
anti-inflammatory drugs and acetami-
nophen. No associations were found be-
tween nut, corn, or popcorn consump-
tion and diverticular bleeding.

To our knowledge, no prior study has
examined the association between nut,
corn, or popcorn consumption and di-
verticular complications. Nonethe-
less, in a recent survey of colorectal sur-
geons, 47% felt that patients with
diverticular disease should avoid these
foods.® The commonly held belief that
these foods can incite complications of
diverticulosis and the recommenda-
tion that individuals with this condi-
tion avoid them apparently evolved
from the theory that luminal trauma is
a causal mechanism.’ In this model, in-
flammation or bleeding is precipitated
when a fecalith or particulate fecal ma-
terial lodges within a diverticulum and
erodes the mucosa.m'’> Foods with
poorly digested particles, such as nuts,
corn, and seeds, are presumed to be par-
ticularly abrasive or apt to lodge within
diverticula. Although fecal matter is
commonly found within wide-necked
diverticula, the relationship between the
ingestion of a particular food and sub-
sequent trauma to a diverticulum is
largely speculative, and the exact
mechanisms leading to diverticular
complications are not known.

The differences in our results with
respect to diverticulitis and diverticu-
lar bleeding may be explained by po-
tentially distinct mechanisms underly-
ing these complications. A histological
study of bleeding colonic diverticula
found an absence of mucosal inflam-
mation or evidence of diverticulitis at
the bleeding sites.*** Abnormalities
were confined to the vasa rectum and
included eccentric intimal thickening
near the site of bleeding and asymmet-
ric rupture toward the lumen, find-
ings consistent with a nonspecific vas-
cular response to injury.

There are several plausible mecha-
nisms by which nut intake may pro-
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tect against diverticulitis, although our
data did not enable us to make causal
inferences. Nuts are rich in nutrients
with anti-inflammatory properties such
as vitamin E, a-linolenic acid and other
unsaturated fatty acids, and phyto-
chemicals. Nut consumption is in-
versely correlated with levels of inflam-
matory markers including C-reactive
protein and IL-6** and is protective
against certain inflammatory disease
states.?**"* The high mineral content
in nuts, including zinc and magne-
sium, may also favorably influence the
colon. Alterations in the structure and
content of collagen in the colon have
been noted in diverticular disease,
which may in part be due to decreased
expression of zinc-containing endo-
peptidases.*** Magnesium may re-
duce oxidative stress in the colon, a
mechanism that is also postulated for
the inverse association seen between
magnesium intake and colon can-
cer.”®* Popcorn is less nutrient dense
than nuts but does contain lutein, a mi-
cronutrient with anti-inflammatory and
chemoprotective properties that is also
found in nuts, as well as modest
amounts of magnesium.

The high fiber content of nuts and
popcorn does not appear to provide ad-
equate explanation for the observed in-
verse associations between nuts and
popcorn and diverticulitis. The multi-
variate analyses adjusted for total di-
etary fiber intake, and the consistency
between the age-adjusted and multi-
variate models does not imply signifi-
cant confounding by fiber or the other
covariates. Nor do nuts and popcorn ap-
pear to be markers for generally healthy
habits because the data on other life-
style and dietary factors such as physi-
cal activity and red meat consumption
do not suggest a health-conscious pat-
tern in men with frequent nut and pop-
corn consumption. Notably, the ma-
jority of our data were acquired during
a time period when nuts were not per-
ceived as a healthy food. Nonetheless,
given the observational nature of the
study, we cannot exclude the possibil-
ity of residual confounding by a life-
style or other unmeasured factor.

We were unable to specifically study
the effect of nut, corn, and popcorn con-
sumption in men with established diver-
ticulosis because the presence of diver-
ticulosis was not known at baseline in all
individuals. Men with known asymptom-
atic diverticulosis likely represent a bi-
ased subset of men who have undergone
lower endoscopy or colon imaging, and
men with known diverticulosis are likely
toalter their behaviors, including decreas-
ing the consumption of nuts, corn, and
popcorn. However, the prevalence of un-
diagnosed asymptomatic diverticulosis
was presumably quite high in this cohort
of middle-aged and elderly men, and
therefore, our findings likely apply to pa-
tients with established diverticular dis-
ease.

A long-term influence of nut and
popcorn consumption on the develop-
ment of diverticulosis does not appear
to account for the inverse associations
with diverticulitis observed in this
study. We did not find significant as-
sociations between nut and popcorn
consumption and incident uncompli-
cated diverticulosis. Furthermore, our
results remained unchanged after ad-
justment for baseline consumption. The
later analysis aims to distinguish the in-
dependent effect of very recent diet (rel-
evant to the risk of diverticular com-
plications) from past diet (relevant to
the development of diverticulosis).

In the 2-year time lag analysis, the in-
verse relationship between nuts and di-
verticulitis was strengthened, but the re-
sults for popcorn were attenuated. Some
men may have reduced their consump-
tion of popcorn in response to symp-
toms of undiagnosed diverticulitis un-
der the assumption that popcorn is
harmful. However, if recent popcorn
consumption is protective, their subse-
quent risk of diverticulitis would in-
crease. This would enhance the inverse
relationship seen between popcorn con-
sumption and diverticulitis in the stan-
dard analysis and attenuate it in the time
lag analysis. Overall, there was no evi-
dence from the time lag analysis that
consumption of nuts, popcorn, or corn
was positively associated with diverticu-
lar complications. Lastly, we had not hy-
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pothesized that these foods would de-
crease the incidence of diverticular
complications, and it is possible that this
finding is the result of chance alone.

Our study has certain limitations. As
noted earlier, it is possible that the as-
sociations found between nuts and pop-
corn were the result of residual con-
founding. In addition, diverticular
complications and dietary intake were
based on self-report. However, several
factors limit the possibility of misclas-
sification bias. Study participants were
health professionals, review of 179
medical records endorsed the validity
of self-report, and secondary analyses
supported our findings. Food consump-
tion was assessed prior to the develop-
ment of diverticular complications
using a validated food-frequency ques-
tionnaire. On the whole, any misclas-
sification bias would likely be random
and thus would weaken any true asso-
ciation. The generalizability of our re-
sults to younger patients and women
may be limited. However, diverticulo-
sis is rare before the age of 40 years,!
and there are no clear sex differences
in diverticular disease."* Lastly, we
were unable to directly examine the re-
lationship between seed consumption
and diverticular complications. How-
ever, consumption of strawberries and
blueberries (fruits with small seeds) was
not associated with diverticular com-
plications.

In conclusion, our results suggest
that nut, corn, and popcorn consump-
tion is not associated with an in-
creased risk of incident diverticulitis or
diverticular bleeding and may be pro-
tective for the former. These findings
refute the pervasive but unproven be-
lief that these foods are associated with
diverticular complications and sug-
gest that the recommendation to avoid
these foods in diverticular disease
should be reconsidered.
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We want the facts to fit the preconceptions. When they

don't, it is easier to ignore the facts than to change

the preconceptions.
—TJessamyn West (1902-1984)

914 JAMA, August 27, 2008—Vol 300, No. 8 (Reprinted)

©2008 American Medical Association. All rights reserved.

Downloaded from jama.ama-assn.org by guest on February 13, 2012


http://jama.ama-assn.org/

