
Vol.:(0123456789)1 3

Eur J Nutr (2017) 56:2423–2438 
DOI 10.1007/s00394-017-1443-x

REVIEW

Body mass index and physical activity and the risk of diverticular 
disease: a systematic review and meta-analysis of prospective 
studies

Dagfinn Aune1,2,3 · Abhijit Sen2 · Michael F. Leitzmann4 · Teresa Norat1 · 
Serena Tonstad5 · Lars J. Vatten2 

Received: 28 November 2016 / Accepted: 14 March 2017 / Published online: 9 April 2017 
© The Author(s) 2017. This article is an open access publication

1.18–1.40, I2 = 77%, n = 6) for diverticular disease, 1.31 
(95% CI: 1.09–1.56, I2 = 74%, n = 2) for diverticulitis, and 
1.20 (95% CI: 1.04–1.40, I2 = 56%, n = 3) for diverticular 
disease complications. There was no evidence of a nonlin-
ear association between BMI and diverticular disease risk 
(pnonlinearity = 0.22), and risk increased even within the nor-
mal weight range. Compared to a BMI of 20, the summary 
RR for a BMI of 22.5, 25.0, 27.5, 30.0, 32.5, 35.0, 37.5, and 
40.0 was 1.15 (1.07–1.23), 1.31 (1.17–1.47), 1.50 (1.31–
1.71), 1.71 (1.52–1.94), 1.96 (1.77–2.18), 2.26 (2.00–2.54), 
2.60 (2.11–3.21), and 3.01 (2.06–4.39), respectively. The 
summary RR was 0.76 (95% CI: 0.63–0.93, I2 = 54%, n = 5) 
for high vs. low physical activity and 0.74 (95% CI: 0.57–
0.97, I2 = 39.5%, pheterogeneity = 0.20, n = 2) for high vs. low 
vigorous physical activity.
Conclusions These results suggest that even moderate 
increases in BMI may increase the risk of diverticular dis-
ease as well as diverticular disease complications and that a 
higher level of physical activity may reduce the risk.

Keywords Body mass index · Physical activity · 
Diverticular disease · Systematic review · Meta-analysis

Introduction

Diverticular disease is a common disease of high-income 
countries and has been called a “disease of the Western civ-
ilisation” [1]. This is due to the fact that the incidence and 
prevalence of diverticular disease ranges more than 20- to 
40-fold between high- and low-risk populations and tends 
to be more common in high-income countries where west-
ernized lifestyles are prevalent [2, 3]. Secular trend stud-
ies have found that the incidence of diverticular disease has 
increased rapidly within countries. For example, in just 12 

Abstract 
Purpose We conducted a systematic review and meta-
analysis of prospective studies of the association between 
body mass index (BMI) and physical activity and diverticu-
lar disease risk.
Methods PubMed and Embase databases were searched 
up to February 7, 2017. Summary relative risks and 95% 
confidence intervals (95% CIs) were calculated using a ran-
dom effects model and nonlinear associations were mod-
eled using fractional polynomial models.
Results Six cohort studies of BMI and diverticular dis-
ease risk (28,915 cases, 1,636,777 participants) and five 
cohort studies of physical activity and diverticular disease 
risk (2080 cases, 147,869 participants) were included. 
The summary relative risk (RR) of incident diverticu-
lar disease for a 5 unit BMI increment was 1.28 (95% CI: 
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years between 1974 and 1986 there was a two to fourfold 
increase in diverticular disease incidence in Japan [4]. In 
addition, an autopsy study reported a prevalence of 1% 
among Japanese in Japan, but a prevalence of 50% among 
Japanese in the US [5], and other migration studies have 
suggested an increased risk with a longer duration since 
settlement [6]. In the US, 65% of adults will develop diver-
ticulosis by age 80 years [7, 8]. These observations suggest 
that modifiable risk factors are of major importance for the 
development of diverticular disease.

A diet low in fiber and high in red meat has been asso-
ciated with increased risk of diverticular disease [9–11]. 
Overweight and obesity have been associated with 
increased risk of diverticular disease as well [12]. Several 
case–control [13–15] and cohort studies [11, 16–21], but 
not all [22] have reported increased risk of diverticular dis-
ease with greater body mass index. However, studies have 
differed with regard to the strength of the reported asso-
ciations with risk estimates ranging between 33 and 340% 
increases in the relative risk among obese persons [11, 
16–20]. On the other hand, some studies have suggested an 
inverse association between physical activity and diverticu-
lar disease [18, 22–24], however, not all studies found a sig-
nificant association [11, 16, 21]. Because relatively few risk 
factors for diverticular disease have been firmly established 
and because clarification of potential preventive measures 
that could modify the risk of the disease is important, we 
conducted a systematic review and meta-analysis of pro-
spective studies of body mass index, physical activity, and 
the risk of diverticular disease. Our specific aims were to 
examine the strength of the association and the shape of the 
dose–response relationship between increasing adiposity 
and physical activity and diverticular disease risk.

Methods

Search strategy

We searched PubMed and Embase databases for relevant 
studies up to February 19, 2016 using the following search 
terms as part of a larger project on diverticular disease 
risk factors (“body mass index” OR BMI OR overweight 
OR obesity OR anthropometry OR fatness OR “body fat-
ness” OR “abdominal fatness” OR “abdominal obesity” 
OR “waist circumference” OR “waist-to-hip ratio” OR 
“waist-to-height ratio” OR “hip circumference” OR adipos-
ity OR weight OR “weight gain” OR “weight change” OR 
“weight loss” OR “body size” OR “physical activity” OR 
exercise OR sports OR walking OR biking OR running OR 
fitness OR “exercise test” OR inactivity OR sedentary OR 
fiber OR fibre OR diet OR meat OR “red meat” OR “pro-
cessed meat” OR beef OR pork OR lamb OR smoking OR 

tobacco OR risk factor OR risk factors) AND (“diverticu-
lar disease” OR diverticulitis OR “diverticular bleeding” 
OR diverticula OR diverticulosis) AND (“case-control” 
OR retrospective OR cohort OR cohorts OR prospective 
OR longitudinal OR “follow-up” OR “cross-sectional” OR 
trial OR “odds ratio” OR “relative risk” OR “hazard ratio” 
OR “incidence rate ratio” OR “risk ratio”). In addition, we 
searched the reference lists of all studies included in the 
analysis. We followed the PRISMA criteria for reporting of 
systematic reviews and meta-analyses [25].

Study selection

Prospective studies of the association between BMI or 
other adiposity measures and physical activity and diver-
ticular disease risk were included. Adjusted relative risk 
estimates (hazard ratio, risk ratio, odds ratio) with their 
95% confidence intervals had to be available in the publica-
tion, and for the dose–response analysis, the exposure had 
to be quantified for at least three categories and the total 
number of cases and person-years had to be available. We 
identified nine relevant full-text publications. A list of the 
excluded studies and the exclusion reasons is provided in 
Supplementary Table 1.

Data extraction

We extracted from each study the following: the first 
author’s last name, publication year, country where the 
study was conducted, study name, follow-up period, sample 
size, gender, age, number of cases, assessment method of 
anthropometric factors (measured vs. self-reported), assess-
ment method of the outcome, adiposity measure, physical 
activity type, RRs and 95% CIs, and variables adjusted for 
in the analysis. Data were extracted by one reviewer (DA) 
and checked for accuracy by a second reviewer (AS). Any 
disagreements were resolved by discussion.

Statistical analysis

Summary RRs and 95% CIs for a 5 unit increment in BMI 
and for a high vs. low physical activity level were estimated 
using a random effects model [26]. The average of the natu-
ral logarithm of the RRs was estimated and the RR from 
each study was weighted using random effects weights. A 
two-tailed p < 0.05 was considered statistically significant.

We used the method described by Greenland and Long-
necker [27] for the dose–response analysis and study-spe-
cific slopes (linear trends), and 95% CIs were computed 
from the natural logs of the RRs and CIs across catego-
ries of BMI. The mean or median BMI level in each cat-
egory was assigned to the corresponding relative risk for 
each study, and for studies that reported these measures 
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by ranges we estimated the midpoint for each category 
by calculating the average of the upper and lower cut-off 
points for each category. When extreme categories were 
open-ended, we used the width of the adjacent interval to 
calculate an upper or a lower cut-off point. We examined 
a potential nonlinear dose–response relationship between 
BMI and diverticular disease using fractional polynomial 
models [28]. We determined the best fitting second-order 
fractional polynomial regression model, defined as the 
one with the lowest deviance. A likelihood ratio test was 
used to assess the difference between the nonlinear and lin-
ear models to test for nonlinearity [28]. Study quality was 
assessed using the Newcastle-Ottawa scale which rates 
studies according to selection, comparability, and outcome 
assessment with a score from 0 to 9 [29].

Subgroup and meta-regression analyses were conducted 
to investigate potential sources of heterogeneity and hetero-
geneity between studies was quantitatively assessed by the 
Q test and I2 [30]. Small-study effects, such as publication 
bias, were assessed by inspecting the funnel plots for asym-
metry and with Egger’s test [31] and Begg’s test [32], with 
the results considered to indicate small-study effects when 
p < 0.10. Sensitivity analyses excluding one study at a time 
were conducted to clarify whether the results were robust 
to the influence of individual studies.

Results

Out of 2433 records identified by the search, we included 
eleven publications (nine studies) in total [11, 14, 16–24], 
six prospective studies [11, 16, 18–20, 22] in the analyses 
of BMI and diverticular disease incidence, two studies in 
the analysis of BMI and diverticulitis [17, 21], and three 
studies [14, 17, 18] on BMI and diverticular disease com-
plications and five studies [11, 16, 18, 22, 24] on physical 
activity and diverticular disease incidence and two stud-
ies on vigorous physical activity and diverticulitis [21, 23] 
(Tables 1, 2; Fig. 1). Characteristics of the included stud-
ies are provided in Tables 1 and 2. Of the studies on BMI, 
five were from Europe, one from the US, and one from 
Australia, and of the studies on physical activity, four were 
from Europe and two were from the US (Table 1).

BMI

Six studies [11, 16, 18–20, 22] were included in the anal-
ysis of BMI and diverticular disease risk and included 
28,915 cases and 1,636,777 participants. The summary 
RR for the highest vs. the lowest BMI was 1.78 (95% 
CI: 1.48–2.14, I2 = 66.0%, pheterogeneity = 0.01). In the 
dose–response analysis, the summary RR for a 5 unit 

increase in BMI was 1.28 (95% CI: 1.18–1.40, I2 = 77%, 
pheterogeneity=0.001) (Fig.  2a). There was no evidence of 
small-study bias (Egger’s test, p = 0.21 or with Begg’s 
test, p = 0.71). There was no evidence of nonlinearity or 
threshold levels between BMI and diverticular disease 
(pnonlinearity = 0.22), and the risk increased monotonically 
with increasing BMI even within the normal BMI range 
(Fig. 2b, Supplementary Table 2).

Two studies were included in the analysis of BMI and 
diverticulitis [17, 21] and included 1159 cases and 89,798 
participants. The summary RR for the highest vs. low-
est BMI category was 2.09 (95% CI: 1.63–2.68, I2 = 0%, 
pheterogeneity = 0.47). In the dose–response analysis, the 
summary RR for a 5 unit increase in BMI was 1.31 (95% 
CI: 1.09–1.56, I2 = 74%, pheterogeneity = 0.05) (Fig.  2c). 
There was no evidence of nonlinearity or threshold lev-
els between BMI and diverticulitis (pnonlinearity = 0.25) 
(Fig. 2d, Supplementary Table 2).

Three studies [14, 17, 18] were included in the anal-
ysis of BMI and risk of diverticular disease complica-
tions (bleeding, perforation, or abscess) and included 
2326 cases and 93,699 participants. The summary RR for 
a 5 unit increase in BMI was 1.20 (95% CI: 1.04–1.40, 
I2 = 56%, pheterogeneity = 0.10) (Fig.  2e). There was evi-
dence of a nonlinear association between BMI and diver-
ticular disease complications (pnonlinearity < 0.0001), with 
the lowest risk being observed at a BMI of 22 (Fig.  2f, 
Supplementary Table  2). Because only one study [17] 
reported data regarding waist circumference, waist-to-
hip ratio, and diverticular disease incidence, we were not 
able to conduct a meta-analysis of these measures.

Physical activity

Five cohort studies [11, 16, 18, 22, 24] were included in 
the analysis of physical activity and diverticular disease 
risk and included 2080 cases and 147,869 participants. 
The summary RR for high vs. low activity was 0.76 (95% 
CI: 0.63–0.93, I2 = 54%, pheterogeneity = 0.07) (Fig.  3a). 
The heterogeneity was slightly reduced when exclud-
ing one study [11], but the overall estimate was simi-
lar (summary RR = 0.72, 95% CI: 0.56–0.91, I2 = 42%, 
pheterogeneity = 0.16). Because of differences in the way the 
studies reported the data, it was not possible to conduct a 
dose–response analysis for physical activity.

Two cohort studies [21, 23] reported on vigorous 
physical activity and diverticulitis and included 1158 
cases and 89,798 participants. The summary RR for high 
vs. low vigorous physical activity was 0.74 (95% CI: 
0.57–0.97, I2 = 39.5%, pheterogeneity = 0.20) (Fig. 3b).
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Subgroup analyses, sensitivity analyses, and study 
quality

The association between BMI and diverticular disease per-
sisted in most, but not all subgroup analyses defined by sex, 
duration of follow-up, assessment of weight and height, 
outcome assessment, geographic location, study quality, 
and adjustment for confounding factors, and there was lit-
tle evidence of heterogeneity between any of these sub-
groups (Table  3). Only in the subgroup analysis stratified 
by adjustment for physical activity was there evidence of 
heterogeneity, with a weaker, but still statistically signifi-
cant association among studies with adjustment for physi-
cal activity compared to studies without such adjustment. 
The association between physical activity and diverticular 
disease also persisted in most subgroup analyses, and there 
was no evidence of heterogeneity between any of these sub-
groups (Table 4). Mean (median) study quality scores were 
7.2 (7.0) for the studies on BMI and diverticular disease 

64 reporting on BMI or physical activity and 
diverticular disease

2370 excluded based on title or 
abstract

53 articles excluded:
20 case only studies
14 cross-sectional studies
8 case-control studies
7 abstracts
3 not relevant exposure
1 review

11 publications (9 studies) included
9 publications (8 studies) on BMI
7 publications (6 studies) on physical activity

2433 records identified in total:
1095 records identified in PubMed
1337 records identified in Embase

1 record from other searches

Fig. 1  Flow-chart of study selection of BMI and physical activity in 
relation to diverticular disease



2432 Eur J Nutr (2017) 56:2423–2438

1 3

A B
BM

I a
nd

 di
ve

rti
cu

lar
dis

ea
se

, n
on

lin
ea

r d
os

e-
re

sp
on

se
 an

aly
sis

BM
I a

nd
 di

ve
rti

cu
lar

dis
ea

se
, li

ne
ar

 do
se

-re
sp

on
se

 , 
pe

r 5
 B

MI
 un

its

.811.523

RR

15
20

25
30

35
BM

I (u
nit

s)

Be
st 

fitt
ing

 fra
cti

on
al 

po
lyn

om
ial

95
% 

co
nfi

de
nc

e i
nte

rva
l

 R
ela

tiv
e R

isk
 .5

 .7
5

 1
 1.

5
 2

 3

 St
ud

y
 R

ela
tiv

e R
isk

 (9
5%

 C
I)

 R
ee

ve
s, 

20
14

  1
.20

 ( 1
.18

, 1
.22

)

 H
jer

n, 
20

12
  1

.16
 ( 1

.05
, 1

.28
)

 Ko
rda

, 2
01

2
  1

.38
 ( 1

.26
, 1

.50
)

 C
row

e, 
20

11
  1

.51
 ( 1

.29
, 1

.77
)

 R
os

em
ar,

 20
08

  1
.63

 ( 1
.18

, 2
.25

)

 Al
do

ori
, 1

99
4

  1
.12

 ( 0
.91

, 1
.38

)

 O
ve

ral
l

  1
.28

 ( 1
.18

, 1
.40

)

C D

BM
I a

nd
 di

ve
rtic

uli
tis

, li
ne

ar 
do

se
-re

sp
on

se
 , p

er 
5 B

MI
 un

its

.811.523

RR

15
20

25
30

35
BM

I (u
nit

s)

Be
st 

fitt
ing

 fra
ctio

na
l p

oly
no

mi
al

95
% 

co
nfi

de
nc

e i
nte

rva
l

BM
I a

nd
 di

ve
rtic

uli
tis

, n
on

lin
ea

r d
os

e-r
es

po
ns

e a
na

lys
is

 Re
lat

ive
 Ri

sk
 .5

 .7
5

 1
 1.

5
 2

 3

 St
ud

y

 Re
lat

ive
 Ri

sk

 (9
5%

 CI
)

 Ta
lab

an
i, 2

01
6

  1
.44

 ( 1
.26

, 1
.64

)

 St
rat

e, 
20

09
  1

.20
 ( 1

.06
, 1

.35
)

 O
ve

ral
l

  1
.31

 ( 1
.09

, 1
.56

)

E F

BM
I a

nd
 di

ve
rti

cu
lar

dis
ea

se
 co

mp
lic

ati
on

s, 
lin

ea
r d

os
e-

res
po

ns
e ,

 pe
r 5

 B
MI

 un
its

BM
I a

nd
 di

ve
rti

cu
lar

dis
ea

se
 co

mp
lic

ati
on

s, 
no

nli
ne

ar 
do

se
-

res
po

ns
e a

na
lys

is

.811.523

RR

15
20

25
30

35
BM

I (u
nit

s)

Be
st 

fitt
ing

 fra
cti

on
al 

po
lyn

om
ial

95
% 

co
nfi

de
nc

e i
nte

rva
l

 R
ela

tiv
e R

isk
 .5

 .7
5

 1
 1.

5
 2

 3

 St
ud

y

 R
ela

tiv
e R

isk

 (9
5%

 C
I)

 H
jer

n, 
20

12
  1

.14
 ( 0

.86
, 1

.51
)

 H
um

es
, 2

01
1

  1
.11

 ( 1
.00

, 1
.24

)

 St
rat

e, 
20

09
  1

.38
 ( 1

.16
, 1

.63
)

 O
ve

ral
l

  1
.20

 ( 1
.04

, 1
.40

)

Fi
g.

 2
  B

M
I a

nd
 d

iv
er

tic
ul

ar
 d

is
ea

se
, d

iv
er

tic
ul

iti
s, 

an
d 

di
ve

rti
cu

la
r d

is
ea

se
 c

om
pl

ic
at

io
ns

, l
in

ea
r d

os
e–

re
sp

on
se

 a
na

ly
se

s (
pe

r 5
 B

M
I u

ni
ts

), 
an

d 
no

nl
in

ea
r d

os
e–

re
sp

on
se

 a
na

ly
se

s



2433Eur J Nutr (2017) 56:2423–2438 

1 3

and 7.2 (7.0) for the studies on physical activity and diver-
ticular disease.

Discussion

To our knowledge, this is the first meta-analysis of BMI and 
physical activity in relation to risk of diverticular disease. 
There was a 28% increase in the relative risk of diverticular 
disease, a 31% increase in the relative risk of diverticuli-
tis, and a 20% increase in the relative risk of diverticular 
disease complications for each 5 unit increase in BMI. In 
addition, there was a 24% reduction in risk of diverticular 
disease incidence for the highest vs. lowest level of physi-
cal activity and a 26% reduction in the risk of diverticulitis 
for the highest vs. lowest level of vigorous physical activ-
ity. The association between BMI and diverticular disease 
incidence appeared to be linear with a 15% increase in risk 
with a BMI of 22.5  kg/m2 compared to 20  kg/m2, a 50% 
increase in risk among overweight subjects, and an approx-
imately 2- to 3-fold increase in risk in obese and severely 
obese subjects, respectively, while for diverticular disease 
complications there was an indication of nonlinearity and 
the lowest risk was observed at a BMI of 22  kg/m2, and 
a slight increase in risk was observed in the underweight 
BMI category. It is unclear whether the increased risk at 
low BMI represents reverse causation or simply is a chance 
finding as the number of studies in that analysis was small 
and because there was only one study which suggested an 
increased risk with a low BMI.

Our meta-analysis has some limitations, which may 
affect the interpretation of the results. It is possible that 
the positive association between BMI and diverticular 
disease could be due to unmeasured or residual confound-
ing by other lifestyle factors, such as higher intakes of red 
meat, higher prevalence of smoking, or lower intake of 
dietary fiber. The results for BMI and physical activity 
persisted when stratified by adjustment for dietary fiber, 
meat, and smoking, and also persisted when mutually 
adjusted. Although there was evidence of heterogeneity 
in the analyses of BMI and physical activity in relation 
to diverticular disease risk, for BMI the heterogeneity 
appeared to be due to differences in the magnitude of the 
association rather than to differences in the presence or 
absence of an association, as all studies found increased 
risk, while for physical activity there was a moderate 
heterogeneity, which was partly explained by one outly-
ing study. Most studies relied on self-reported height and 
weight, and although there may be some under-report-
ing of weight and over-reporting of height, most studies 
have found a high correlation between self-reported and 
measured height and weight [33]. Differences between 
studies in the identification and diagnosis of diverticular 

disease cases may also be a limitation as some cases may 
be asymptomatic or may only have mild symptoms. It 
is possible that detection bias could have influenced the 
findings because individuals with a greater BMI are gen-
erally more likely to be admitted to hospital and might 
also be more likely to undergo examinations that could 
lead to the diagnosis of diverticular disease. Most of the 
diverticular disease cases in the studies included in this 
meta-analysis would most likely have been symptomatic 
because the studies identified cases through record link-
ages to databases on hospitalization or death from diver-
ticular disease [11, 16, 18–20], and one study identified 
cases by self-report of symptomatic diverticular disease 
[22]. In addition, we found similar associations between 
BMI and diverticular disease as with diverticulitis and 
diverticular disease complications. Although we can-
not exclude the possibility that the association between 
BMI and asymptomatic diverticular disease might differ 
from the current findings, establishing the association 

A

B

Physical activity and diverticular disease, high vs. low analysis

 Relative Risk
 .25  .5  .75  1  1.5  2  3

 Study

 Relative Risk

 (95% CI)

 Talabani, 2016   0.87 ( 0.63, 1.22)

 Strate, 2009   0.66 ( 0.51, 0.86)

 Overall   0.74 ( 0.57, 0.97)

Vigorous physical activity and diverticulitis, high vs. low analysis

 Relative Risk
 .25  .5  .75  1  1.5  2  3

 Study

 Relative Risk

 (95% CI)

 Hjern, 2012   0.70 ( 0.59, 0.85)

 Crowe, 2011   0.87 ( 0.74, 1.02)

 Williams, 2009   0.52 ( 0.27, 1.00)

 Rosemar, 2008   1.20 ( 0.70, 2.00)

 Aldoori, 1994   0.63 ( 0.45, 0.88)

 Overall   0.76 ( 0.63, 0.93)

Fig. 3  High vs. low analysis of physical activity and diverticular dis-
ease and of vigorous physical activity and diverticulitis
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Table 3  Subgroup analyses of 
BMI and diverticular disease

BMI

n RR (95% CI) I2 (%) Ph
a Ph

b

All studies 6 1.28 (1.18–1.40) 77.0 0.001
Sex
 Men 2 1.14 (0.94–1.39) 0 0.53 0.02/NCc

 Women 2 1.20 (1.18–1.22) 0 0.48
 Men and women 2 1.41 (1.30–1.52) 4.9 0.31

Assessment of weight/height
 Measured 1 1.63 (1.18–2.25) 0.80
 Self-reported 4 1.23 (1.14–1.32) 70.9 0.02
 Measured and self-reported 1 1.51 (1.29–1.77)

Assessment of the diverticular disease
 Linkage to medical records/hos-

pitalizations
5 1.31 (1.19–1.44) 81.1 <0.0001 0.39

 Self-report (validated) 1 1.12 (0.91–1.38)
Duration of follow-up
 <10 years of follow-up 3 1.25 (1.12–1.39) 79.4 0.008 0.48
 ≥10 years of follow-up 3 1.38 (1.10–1.73) 80.7 0.006

Geographic location
 Europe 4 1.28 (1.15–1.43) 75.4 0.007 0.48
 America 1 1.12 (0.91–1.38)
 Asia 1 1.38 (1.26–1.50)

Number of cases
 Cases < 250 1 1.40 (0.73–2.67) 0.64
 Cases 250 < 500 1 1.12 (0.91–1.38)
 Cases ≥ 500 4 1.28 (1.17–1.41) 83.2 <0.0001

Study quality
 0–3 points 0 0.61
 4–6 1 1.38 (1.26–1.50)
 7–9 5 1.26 (1.14–1.38) 68.4 0.01

Adjustment for confounders
Age
 Yes 6 1.28 (1.18–1.40) 77.0 0.001 NC
 No 0

Education
 Yes 1 1.16 (1.05–1.28) 0.39
 No 5 1.32 (1.18–1.48) 81.0 <0.0001

Alcohol
 Yes 3 1.24 (1.14–1.35) 79.7 0.007 0.40
 No 3 1.39 (1.11–1.73) 67.8 0.05

Smoking
 Yes 5 1.31 (1.19–1.44) 81.1 <0.0001 0.39
 No 1 1.20 (1.06–1.35)

Diabetes
 Yes 1 1.16 (1.05–1.28) 0.39
 No 5 1.32 (1.18–1.48) 81.0 <0.0001

Aspirin use
 Yes 1 1.16 (1.05–1.28) 0.39
 No 5 1.32 (1.18–1.48) 81.0 <0.0001

NSAID use
 Yes 1 1.16 (1.05–1.28) 0.39
 No 5 1.32 (1.18–1.48) 81.0 <0.0001



2435Eur J Nutr (2017) 56:2423–2438 

1 3

with more “advanced” disease might be more relevant 
in terms of preventing severe complications from diver-
ticular disease. Two studies which conducted validation 
studies of the diagnosis found that 95–96% of cases were 
correctly identified by self-report or linkage to patient 
registers [9, 18], and we found no heterogeneity when 
studies were stratified by the assessment of the outcome. 
Because of the prospective design of the included studies, 
any misclassification of the outcome would likely lead to 
an underestimation of the association between BMI and 
physical activity and diverticular disease risk. Although 
meta-analyses of published literature may be susceptible 
to small-study effects, we found no evidence of small-
study effects with either Egger’s test or Begg’s test or 
when visually inspecting the funnel plots; however, the 
modest number of available studies is a limitation.

The studies on physical activity and diverticular dis-
ease reported the data using different underlying measures 
(MET-hours per week, or in <3 categories or without quan-
tifying the physical activity level in each category), and 
for this reason we were not able to conduct dose–response 
analyses of physical activity. This appears to be a common 
problem in studies on physical activity and health out-
comes [34–37] and emphasizes the need for a more thor-
ough and standardized approach to analyses and reporting 
of data on physical activity and different health outcomes. 
Further studies are therefore needed to characterize the 
dose–response relationship between physical activity and 
specific subtypes and intensities of physical activity in rela-
tion to diverticular disease, preferably using an underlying 

metric that could be combined with other published stud-
ies, for example using MET-hours per week and/or hours 
per week of activity.

Our meta-analysis also has several strengths, including 
increased statistical power due to a large sample size, the 
detailed search strategy, comprehensive analyses includ-
ing both linear and nonlinear dose–response analyses for 
BMI, and several sensitivity analyses.

Little is known about the biological mechanisms that 
could explain an association between adiposity and diver-
ticular disease risk. Adipose tissue secretes cytokines that 
may contribute to diverticular inflammation. The bacte-
rial flora of obese and lean subjects may differ [38], and 
some evidence suggests that the bacterial flora may be 
important for the development of diverticular disease 
[39]. Physical activity could reduce the risk of diver-
ticular disease by preventing overweight and obesity, 
by maintaining gastrointestinal motor function, decreas-
ing intra-colonic pressure, reducing the transit time, and 
through neuroendocrine changes [40]. Nevertheless, 
further research is clearly needed to firmly establish the 
underlying biological mechanisms.

In conclusion, the current meta-analysis suggests that 
excess weight and low physical activity are risk factors 
for diverticular disease. The current findings have impor-
tant public health implications as they add diverticular 
disease to the list of conditions that appear to be associ-
ated with adiposity and low physical activity. The find-
ings support recommendations for overall health to avoid 
excess weight and to be physically active. Further studies 

N denotes the number of risk estimates, NC not calculable
a P for heterogeneity within each subgroup
b P for heterogeneity between subgroups
c P for heterogeneity between men and women (excluding studies with both genders combined)

Table 3  (continued) BMI

n RR (95% CI) I2 (%) Ph
a Ph

b

Acetaminophen
 Yes 0 NC
 No 6 1.28 (1.18–1.40) 77.0 0.001

Physical activity
 Yes 3 1.20 (1.18–1.22) 0 0.63 0.01
 No 3 1.42 (1.32–1.53) 0 0.40

Meat
 Yes 0 NC
 No 6 1.28 (1.18–1.40) 77.0 0.001

Fiber
 Yes 2 1.15 (1.05–1.26) 0 0.78 0.17
 No 4 1.37 (1.20–1.56) 85.4 <0.0001
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Table 4  Subgroup analyses 
of physical activity and 
diverticular disease

Physical activity

n RR (95% CI) I2 (%) Ph
a Ph

b

All studies 5 0.76 (0.63–0.93) 54.3 0.07
Sex
 Men 2 0.84 (0.45–1.58) 75.7 0.04 0.86/0.78c

 Women 1 0.70 (0.59–0.85)
 Men and women 2 0.74 (0.47–1.18) 55.3 0.14

Duration of follow-up
 <10 years of follow-up 2 0.61 (0.45–0.82) 0 0.61 0.35
 ≥10 years of follow-up 3 0.83 (0.66–1.04) 62.8 0.07

Geographic location
 Europe 3 0.83 (0.66–1.04) 62.8 0.07 0.46
 America 2 0.61 (0.45–0.82) 0 0.61
 Asia 0

Number of cases
 Cases < 250 2 0.81 (0.36–1.83) 73.8 0.05 0.76
 Cases 250 < 500 1 0.63 (0.45–0.88)
 Cases ≥ 500 2 0.78 (0.63–0.97) 67.5 0.08

Study quality
 0–3 points
 4–6 1 0.52 (0.27–1.00)
 7–9 4 0.79 (0.64–0.96) 58.6 0.06

Adjustment for confounders
Age
 Yes 5 0.76 (0.63–0.93) 54.3 0.07 NC
 No 0

Education
 Yes 2 0.78 (0.63–0.97) 67.5 0.08 0.98
 No 3 0.74 (0.47–1.16) 61.5 0.07

Alcohol
 Yes 2 0.69 (0.57–0.82) 0 0.39 0.17
 No 3 0.84 (0.63–1.11) 58.2 0.09

Smoking
 Yes 4 0.80 (0.64–0.99) 57.5 0.07 0.83
 No 1 0.63 (0.45–0.88)

Diabetes
 Yes 1 0.70 (0.59–0.85) 0.32
 No 4 0.79 (0.60–1.04) 55.7 0.08

Aspirin use
 Yes 1 0.70 (0.59–0.85) 0.32
 No 4 0.79 (0.60–1.04) 55.7 0.08

NSAID use
 Yes 1 0.70 (0.59–0.85) 0.22
 No 4 0.79 (0.60–1.04) 55.7 0.08

Acetaminophen
 Yes 0 NC
 No 5 0.76 (0.63–0.93) 54.3 0.07

BMI
 Yes 1 0.70 (0.59–0.85) 0.22
 No 4 0.79 (0.60–1.04) 55.7 0.08
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are needed to assess the association between different 
measures of adiposity as well as subtypes and intensi-
ties of physical activity in relation to diverticular disease, 
diverticulitis, and the associated complications, and any 
further studies should report data on physical activity 
using a measure (MET-hours/week or hours/week) that 
can be combined with other published studies for future 
dose–response analyses.
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