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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% ClIs) 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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1.18-1.40, I2=77%, n=6) for diverticular disease, 1.31
(95% CI: 1.09-1.56, >=74%, n=2) for diverticulitis, and
1.20 (95% CIL: 1.04-1.40, ?=56%, n=3) for diverticular
disease complications. There was no evidence of a nonlin-
ear association between BMI and diverticular disease risk
(Pnontinearity = 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, I>=54%, n=5)
for high vs. low physical activity and 0.74 (95% CI: 0.57—
0.97, =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
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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
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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 /7 [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%
CL: 1.48-2.14, I’=66.0%, Pheterogeneity = 0-01). In  the
dose-response analysis, the summary RR for a 5 unit

@ Springer

increase in BMI was 1.28 (95% CI: 1.18-1.40, ’=77%,
Pheterogencity=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
(Prontinearity = 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, P=0%,
Pheterogencity = 0-47). In the dose-response analysis, the
summary RR for a 5 unit increase in BMI was 1.31 (95%
CL: 1.09-1.56, I’=74%, Pheterogeneity = 0-05) - (Fig. 2¢).
There was no evidence of nonlinearity or threshold lev-
els between BMI and diverticulitis (p =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,
P=56%, Pheterogencity=0-10) (Fig. 2e). There was evi-
dence of a nonlinear association between BMI and diver-
ticular disease complications (p,epjinearity <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.

nonlinearity

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%
CL: 0.63-0.93, I’=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, FP=42%,
Pheterogencity = 0-10). 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, I’=39.5%, Pheterogeneity = 0-20) (Fig. 3b).



2429

Eur J Nutr (2017) 56:2423-2438

A310u9 1210}

‘uondwnsuod uroodod/uioo
/ANU PAUTqUIOD ‘JeaW PAI ‘IoqLy
ey A1e391p ‘uoydourwrejode
9sn QIVSN ‘TINE “I0tABYaq

(98°0-15°0) 99°0
(01'1-2L°0) 68°0
(TT1-18°0) 660
@U'1-$L0) 160

001
(S6'0-85°0) SL'0
(€T’ 1-8L°0) 86°0
(ITT-LL'0) L6°0
(FE€'1-L8°0) 801

0'8c<
0'8¢-1°01
00I-I'v
0v-10

M /SLHIN O
¥'LE<
£LG9°EE
geelel
061-¢8

Kyanoe
[eo1sAyd sno1oJIp

SOI[MONISAID
‘Kyanoe TeorsAyd

sased JuIpasqq
TB[NONIGAIP €8¢
SOSED SNI[NONISAIP

008 :s1eak G/~0f

dn
-MO[[OJ JO s1eak

Apms

dn-mofiog s;e VSN ‘600t ‘[c1]

Kreyuapas ‘porrad Apnys 03y 00'T eom/SIHIN T8> QWIN-INSIYf [BI0], L 93e ‘uowr {77 LY 81 ‘Y00T—986] -UOISS9J0Id YI[eoH ‘e 39 T 93ens
e d e (oo 1 1o SOSED 9SBASIP
INg + 80°0=4¢¥6'0 /Uy [ Iod TRNOLISATP 1Z/LT]
[oyoore %vl :s189K ()¢ < 98¢ dn-morjog Jo
N0y “Ysy yeswr ‘uryows $00=d'T¢0  /uAT>$A8R ‘UdWoM $997 183k £/ “700T ApmS WESH VSN ‘6002 ‘[+Z]
anare3o Jo sreak-yoed ‘xas o3y +0°0=d ‘8€6°0 Kep/uy | 194 Joue)sIp Juruunyy S PUBUSW Z/06 —6661-F661—-1661 .Siouuny [euoneN Te 19 Ld SWEeIIAM
oy " suonezipeydsoy
OTLoet MY OSBOSIP JB[NOTIIOAIP dn-morjoy [e11], uon uopams
amssoxd #'1-90) 60 SIBISPOIN Ayanoe [eo TIT :s1eak GG—1y josreak g7 -uoaald Arewtid ‘8002 ‘[91]
pooiq orjoiserp ‘Suryows ‘a8y 01 Krejuopag  -1sAyd own-aInsIo| 8 oFe ‘usW yeyL  ‘866T-SL61—0L6] IOPRMNA QYL T8 10 V JeWasoy
(L8'0-11'0) 09°0 01y
(ST'1-L9'0) 88°0 0°¢I
(2T0'1-09'0) 8L°0 ge
00T  YOOM/U-LHINO  KNADOE SnOIOSIA
(69'1-L9'0) €6'0 8°0C
(6¥'1-6L°0) 601 9L
(T1'1-95°0) 6L°0 e
(8S'T-¥8°0) ST'1 ! A
00'T JOoM/U-IHIN I'0 -ATO® SNOIOSTAUON
(88°0-S+'0) €9°0 891
(10 1-¥5°0) ¥L'0 9ce
o . . sased
(L6'0-TS0) 110 el OSBASIP JR[NOILIAAID dn-moroy Apms
(I7'1-89°0) 160 8 Ananoe reorskyd T8¢ sTeak L/ ~Tp jo sk dn-mofog s vSn ‘s661 ‘[czl
1eg [e30) ‘1oqy Kresorp o8y 00'T  oM/Y-LHIN 6°0 wn-aInsIaf [e10L L o3e ‘uowr 8/ 9°Lt ‘T661-8861 -UOISSJoId Y[BIH ‘I8 19 HAA 1HOOPY
(TeAzoyur $OsEO JO Joqunu Anunoo
0UIPYUOD %G6) arnsodxa Kyrenb ‘a3e ‘1opuagd ‘syued ‘reak uoneorqnd
SIOPUNOJUOD IO} Jusunsnipy NSII QATIB[Y Amuend) Kyianoe 1estsAyq Apmis -1onred jo requuinn potrad Apms wreu Apni§ ‘SQOURIRJY

9SBASIP Ie[NONISAIP pue A)1Anoe [ed1sAyd jo saipms 7 dqe,

pringer

a's



Eur J Nutr (2017) 56:2423-2438

2430

unjows ‘9oudpISAI JO UOIFAT
U} INIOAI JO POYIOW ‘X3S a3y

(TO'1-¥L'0) L8O AATPOY

001 QATIORU]

(LO'T=SS°0) LLO 00e<

(€€'1-0L°0) 960 6'6C091

(€T 1-¥9°0) 68°0 6G1-0'8

(ST'1-69°0) 060 6'L-0¢
Yoom

00T /SLTHN 60

(06'0-1'0) 190 0'8¢<
(01'1-65°0) 18°0 08¢-1°01
(L60-15°0) 0L'0 00I-I'v
(LET=6L0) ¥O'T 0v-10

00T M /SLHIN O
(LL'0-8€°0) ¥S°0 ¥'LS<
(26'0-81°0) 99°0 £LG9°EE
(86'0-¢S°0) IL0 geelel
(TT'1-89'0) 160 061-¢8

00'T oM/SLHIN T8>

SosBD
OSBISIP JB[NOILIAAID
718 18k )z < o5

‘UswIoM pue

Kanoe 1edrsAyq L usw €60 Ly

K)1ATIOR [RD
-15Ayd sno1oT1AuoON

Kyanoe
eorsAyd sno1oSip

Surposyq

Te[nONIdAIP ‘A1

-Anoe TedrsAyd
QWIN-aINSIa T8I0,

dn-morjojy
Joseak 91|
‘6007—6661-€661

wopSurs] parufy
‘110z ‘[11]
‘Te 19 T amox)

Apmis
PI0JXO-DIdd

(IT'1-9L°0) 96°0 0'0€<

(ET'T-1L'0) 060 6'6C091

(ST'TI-€L'0) 160 6'S1-0'8

(81°1-6L°0) ¥6°0 6'L70¢

Yoom Kjanoe [ed
00T /SLHN 6'7—0  -1sAyd snorograuoN

(TeATour SOsEO JO Joquunu Anunoo
0UIPYUOD %G6) amsodxa Kyrenb ‘o3e ‘Jopuad ‘syued ‘reak uoneosrqnd
SIOPUNOJUOD 10 Juawisn(py JSLI QATIR[OY Anuend) Ananoe 1edrsAyg Apmg -1on1ed Jo requunN pourad Apmg wreu Apmig ‘SQOURIAJY

(ponunuod) g dqel,

pringer

Qs



Eur J Nutr (2017) 56:2423-2438

2431

Table 2 (continued)

Adjustment for confounders

Quantity Relative risk

Physical activity
exposure

Study

Study name Study period Number of partici-

References,

(95% confidence

interval)

quality

pants, gender, age,
number of cases

publication year,

country

Age, dietary fiber, diabetes mel-

1.42 (1.18-1.69)

1.00

<30 min/d

Physical activity,

36,592 women, mean 9

1997-2009,

Swedish Mam-

Hjern F et al. [18],

litus, hypertension, acetylsali-

> 30 min/d
<30 min/d

hospital requir-

age 61.8 years: 626
diverticular disease

cases

12 years of
follow-up

mography
Cohort

2012, Sweden

cylic acid, NSAID use, steroid
medication, alcohol, smoking

status, BMI, education

ing diverticular

disease
Physical activity,

0.77 (0.47-1.27)

1.00

> 30 min/d

diverticular dis-

ease with abscess/

perforation

Age, BMI, smoking status,

1.00

Hard physical activ- <1 h/week

42,570 men and 7

1995-1997-1998-

Jamal Talabani A  The North-Tronde-

problems with breathlessness,

0.67 (0.39-1.15)

1.00

ity, women
Hard physical activ-

women, age >20
years: 358 acute

2012, ~14 years

of follow-up

lag Health Study

et al. [21], 2016,

Norway

problems with constipation,

<1 h/week

type of bread, education, living

area

1.03 (0.67-1.57)

ity, men

diverticulitis cases

NSAID nonsteroidal anti-inflammatory drugs

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

2433 records identified in total:

1095 records identified in PubMed

1337 records identified in Embase
1 record from other searches

2370 excluded based on title or
abstract

64 reporting on BMI or physical activity and
diverticular disease

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

Fig. 1 Flow-chart of study selection of BMI and physical activity in
relation to diverticular disease
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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/m? compared to 20 kg/m% 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/m?, 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 BMIL.

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 ‘ Physical activity and diverticular disease, high vs. low analysis

Relative Risk
Study (95% Cl)
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 4.‘* 0.63 ( 0.45, 0.88)
Overall 0.76 ( 0.63, 0.93)
T T T T T T
.25 5 75 1 15 2 3

Relative Risk

B ‘ Vigorous physical activity and diverticulitis, high vs. low analysis

Relative Risk
Study (95% CI)
Talabani, 2016 l 0.87 (0.63, 1.22)
Strate, 2009 . 0.66 (0.51, 0.86)
Overall <> 0.74 (0.57, 0.97)
T T T T T T
25 5 75 1 15 2 3

Relative Risk

Fig. 3 High vs. low analysis of physical activity and diverticular dis-
ease and of vigorous physical activity and diverticulitis
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BMI
n RR (95% CI) P (%) P;? PP
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/NC*
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- 5 1.31 (1.19-1.44) 81.1 <0.0001 0.39
pitalizations
Self-report (validated) 1 1.12 (0.91-1.38)
Duration of follow-up
<10 years of follow-up 1.25 (1.12-1.39) 79.4 0.008 0.48
>10 years of follow-up 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 1.24 (1.14-1.35) 79.7 0.007 0.40
No 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
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Table 3 (continued)

BMI
n RR (95% CI) P (%) P;? PP
Acetaminophen
Yes 0 NC
No 6 1.28 (1.18-1.40) 71.0 0.001
Physical activity
Yes 3 1.20 (1.18-1.22) 0 0.63 0.01
No 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 1.37 (1.20-1.56) 85.4 <0.0001

N denotes the number of risk estimates, NC not calculable

4P for heterogeneity within each subgroup

PP for heterogeneity between subgroups

P for heterogeneity between men and women (excluding studies with both genders combined)

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
BMLI, 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
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Table 4 Subgroup analyses

of physical activity and
diverticular disease
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Physical activity

n RR (95% CI) P (%) P,? P,°
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 0.86/0.78°
Women 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 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 0.61 (0.45-0.82) 0 0.61
Asia
Number of cases
Cases <250 2 0.81 (0.36-1.83) 73.8 0.05 0.76
Cases 250 <500 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 0.76 (0.63-0.93) 54.3 0.07 NC
No
Education
Yes 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 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 0.70 (0.59-0.85) 0.32
No 4 0.79 (0.60-1.04) 55.7 0.08
Aspirin use
Yes 0.70 (0.59-0.85) 0.32
No 4 0.79 (0.60-1.04) 55.7 0.08
NSAID use
Yes 0.70 (0.59-0.85) 0.22
No 4 0.79 (0.60-1.04) 55.7 0.08
Acetaminophen
Yes NC
No 5 0.76 (0.63-0.93) 54.3 0.07
BMI
Yes 0.70 (0.59-0.85) 0.22
No 4 0.79 (0.60-1.04) 55.7 0.08
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Table 4 (continued)

Physical activity

n RR (95% CI) P (%) P,? P,°
Meat
Yes 1 0.52 (0.27-1.00) 0.46
No 4 0.79 (0.64-0.96) 58.6 0.06
Fiber
Yes 0.68 (0.58-0.80) 0 0.59 0.22
No 3 0.86 (0.61-1.19) 47.6 0.15

N denotes the number of risk estimates, NC not calculable

4P for heterogeneity within each subgroup

bP for heterogeneity between subgroups

¢P for heterogeneity between men and women (excluding studies with both genders combined)

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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