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Most current article
Adiposity, type 2 diabetes, alcohol and coffee consumption, and smoking have been examined in
relation to diverticular disease in observational studies. We conducted a Mendelian randomi-
zation study to assess the causality of these associations.
METHODS:
 Independent genetic instruments associated with the studied exposures at genome-wide sig-
nificance were obtained from published genome-wide association studies. Summary-level data
for the exposure-associated single nucleotide polymorphisms with diverticular disease were
available in the FinnGen consortium (10,978 cases and 149,001 noncases) and the UK Biobank
study (12,662 cases and 348,532 noncases).
RESULTS:
 Higher genetically predicted body mass index and genetic liability to type 2 diabetes and
smoking initiation were associated with an increased risk of diverticular disease in meta-
analyses of results from the two studies. The combined odds ratio of diverticular disease was
1.23 (95% confidence interval [CI], 1.14–1.33; P < .001) for a 1-standard deviation (~4.8 kg/m2)
increase in body mass index, 1.04 (95% CI, 1.01–1.07; P ¼ .007) for a 1-unit increase in log-
transformed odds ratio of type 2 diabetes, and 1.21 (95% CI, 1.12–1.30; P < .001) for a 1-
standard deviation increase in prevalence of smoking initiation. Coffee consumption was not
associated with diverticular disease, whereas the association for alcohol consumption largely
differed between the 2 studies.
er: BMI, body mass index; CI, confidence
ization; OR, odds ratio; SD, standard de-
polymorphism.
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CONCLUSIONS:
 This study strengthens the causal associations of higher body mass index, type 2 diabetes, and
smoking with an increased risk of diverticular disease. Coffee consumption is not associated
with diverticular disease. Whether alcohol consumption affects the risk of diverticular disease
needs further investigation.
Keywords: Adiposity; Diabetes; Diverticulitis; Lifestyle Factor; Mendelian Randomization.
Diverticular disease is a common gastrointestinal
disease with an increasing prevalence and a great

economic burden.1–3 Epidemiological studies have
generated robust evidence that adiposity3–8 and smok-
ing7,9 increase the risk of diverticular disease. The role of
other potentially modifiable risk factors, such as type 2
diabetes,10–13 alcohol drinking,7,12,14–17 and coffee con-
sumption,15,18 in diverticular disease has been scarcely
investigated and the evidence is inconsistent, possibly
because of residual confounding and other biases. A clear
appraisal of the causality of these associations is of
importance in updating the primary prevention strategy
for diverticular disease.

Mendelian randomization (MR) analysis can
strengthen the causal inference by leveraging genetic
variants as instrumental variables for an exposure.19 The
approach can minimize the residual confounding because
genetic variants are randomly assorted at conception,
and thus unassociated with other factors.19 The method
can also diminish reverse causation bias, as the genetic
variants are unmodified by the onset or progression of
the disease.19 Here, we conducted an MR study to assess
the associations of body mass index (BMI), type 2 dia-
betes, alcohol and coffee consumption, and smoking
initiation with risk of diverticular disease.

Materials and Methods

Genetic Instrument Selection

Single nucleotide polymorphisms (SNPs) associated
with BMI,20 type 2 diabetes,21 alcohol22 and coffee con-
sumption,23 and smoking initiation22 at the genome-wide
significance threshold (P < 5 � 10–8) were identified
from the large genome-wide association studies. Detailed
information on used genome-wide association studies is
presented in Table 1. Linkage disequilibrium across SNPs
for each factor was estimated based on the 1000 Ge-
nomes European panel.24 SNPs without linkage disequi-
librium (defined by r2 < 0.01 and clump distance
>10,000 kb) were used as instrument variables.

Data Sources for Diverticular Disease

Summary-level data for the associations of exposure-
associated SNPs with diverticular disease were available
from the FinnGen consortium25 and the UK Biobank
study.26 In FinnGen, individuals with ambiguous gender,
high genotype missingness (>5%), excess heterozygos-
ity (�4 standard deviations [SDs]), and non-Finnish
ancestry had been excluded. We used the fourth
release of the results of genome-wide association anal-
ysis on diverticular disease, including 10,978 cases
(defined by the code 562 in International Classification
of Diseases–Eighth Revision and –Ninth Revisions and
the code K57 in International Classification of
Diseases–Tenth Revision) and 149,001 noncases. In the
UK Biobank study, individuals of non-European
ancestry, closely related individuals (or at least 1 of a
related pair of individuals), individuals with sex chro-
mosome aneuploidies, and individuals who had with-
drawn consent from the UK Biobank study were
excluded. We obtained the data from the second wave
of results of genome-wide association analysis on
diverticular disease, comprising 12,662 cases (defined
by the International Classification of Diseases–Tenth
Revision code K57) and 348,532 noncases, in the
Neale Lab (http://www.nealelab.is/uk-biobank). Asso-
ciation tests were adjusted for age, sex, and up to 10–20
genetic principal components in both data sources.
Cases in FinnGen and UK Biobank were defined by
hospital discharge diagnoses, which is more likely to
reflect clinically significant diverticular disease
requiring hospitalization. Diagnostic information was
obtained from national registries in both sources.
Statistical Analysis

We used the multiplicative random-effects inverse
variance–weighted model as the main statical method.
Estimates from the FinnGen consortium and the UK
Biobank study were combined using the fixed-effects
meta-analysis method. Four sensitivity analyses,
including the weighted median,27 MR-Egger,28 MR-
PRESSO,29 and contamination mixture30 methods, were
performed to examine the consistency of associations
and detect possible pleiotropy. The weighted median
method provides consistent causal estimates when more
than 50% of weight comes from the valid instruments.27

The MR-Egger regression can detect pleiotropy by its
intercept and provide estimates after the correction for
pleiotropy; however, it compromises statistical power.28

The MR-PRESSO method can detect outliers and provide
causal estimates after the removal of identified out-
liers.29 The distortion test embedded in the MR-PRESSO
analysis can distinguish the difference between estimates

http://www.nealelab.is/uk-biobank


What You Need To Know

Background
Obesity, type 2 diabetes, and lifestyle factors have
been associated with diverticular disease in obser-
vational studies, but whether these associations are
causal is unestablished.

Findings
Genetic predisposition to obesity, type 2 diabetes,
and smoking initiation was associated with an
increased risk of diverticular disease. There was
limited evidence in support of associations of
genetically predicted alcohol or coffee consumption
with diverticular disease.

Implications for patient care
Preventing obesity, diabetes, and smoking may act as
prevention strategies for diverticular disease.
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before and after outlier removing.29 The contamination
mixture method allows the presence of invalid SNPs and
can generate estimates in the analysis using hundreds of
Table 1. Detailed Information on Data Sources

Exposure or
Outcome Unit

Participants Inclu
Analysis

Body mass index SD (~4.8 kg/m2) 806,834 individuals
European ances

Type 2 diabetes 1 unit in log-
transformed odds

228,499 type 2 diab
cases and 1,178
noncases of
multiancestries

Alcohol drinkinga SD increase of log-
transformed
alcoholic drinks/
week

941,280 European-d
individuals

Coffee
consumptionb

50% change 375,833 European-d
individuals

Smoking initiation SD in prevalence of
smoking initiation

1,232,091 European
descent individu

Diverticular disease
(FinnGen)

— 10,978 diverticular d
cases and 149,0
noncases

Diverticular disease
(UK Biobank)

— 12,662 diverticular d
cases and 348,5
noncases

Unit for coffee consumption was rescaled to 50% increase based on 1% increas
SD, standard deviation; SNP, single-nucleotide polymorphism.
aAlcohol consumption was defined as the average number of drinks a participant
bCoffee consumption includes consumption of any type of coffee beverages (ie,
conducted based on 1% change of coffee consumption.
SNPs as instrumental variables.30 Cochrane’s Q value
was used to assess the heterogeneity among SNP esti-
mates in each analysis. Associations with a P value <.01
(.05/5 exposures) were deemed significant associations,
and associations with a P value �.01 and �.05 were
regarded as suggestive associations. All tests were 2-
sided and performed using the TwoSampleMR,31 MR-
PRESSO,29 and Mendelian randomization32 packages in
the R software (version 4.0.2; R Foundation for Statistical
Computing, Vienna, Austria).
Results

Genetic predisposition to higher BMI and smoking
initiation was associated with an increased risk of
diverticular disease (Figure 1). The combined odds ratio
(OR) and corresponding confidence interval (CI) of
diverticular disease were 1.23 (95% CI, 1.14–1.33; P <
.001) for a 1-SD (~4.8 kg/m2) increase in BMI and 1.21
(95% CI, 1.12–1.30; P < .001) for 1-SD increases in the
prevalence of smoking initiation. The associations
remained consistent in sensitivity analyses, albeit with
wider CIs in the weighted median and MR-Egger
ded in
Adjustments

Identified
SNPs

Instrument
Variables

of
try

Age, sex, and genetic 1–5
principal components

312 312

etes
,783

Age, sex, and the first 10
genetic principal
components

558 497

escent Age, sex, and the first 10
genetic principal
components

99 84

escent Age, sex, body mass
index, total energy,
proportion of typical
food intake, and 20
genetic principal
components

14 12

-
als

Age, sex, and the first 10
genetic principal
components

378 314

isease
01

Age, sex, and up to 20
genetic principal
components

— —

isease
32

Age, sex, 10 genetic
principal components,
and genotyping batch

— —

e reported in genome-wide association study.

reported drinking each week, aggregated across all types of alcohol.
regular/decaf or instant/ground). The genome-wide association analysis was



Figure 1. Associations of
body mass index, dia-
betes, and lifestyle factors
with diverticular disease in
the UK Biobank (UKBB)
study, FinnGen consortium
and meta-analysis.
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methods and stronger magnitude in the contamination
mixture model (Table 2). Three and 1 outliers were
detected in the MR-PRESSO analyses for BMI and
smoking initiation in the UK Biobank, respectively;
however, the associations persisted after the removal of
these outliers (Table 2).

Genetic liability to type 2 diabetes showed a suggestive
association with an increased risk of diverticular disease
in UK Biobank (Figure 1). The positive association was
borderline in the FinnGen consortium and became sig-
nificant in the meta-analysis of the 2 sources (Figure 1).
For each additional 1-unit increase in log-transformed OR
of type 2 diabetes, the combined OR of diverticular dis-
ease was 1.04 (95% CI, 1.01–1.07; P ¼ .007).

There were limited data supporting associations of
genetically predicted alcohol and coffee consumption
with diverticular disease (Figure 1). However, the re-
sults for genetically predicted alcohol consumption
were conflicting in the sensitivity analyses (Table 2).
Higher genetically predicted alcohol consumption was
inversely associated with diverticular disease risk in the
contamination mixture analysis in FinnGen but was
suggestively positively associated with diverticular dis-
ease risk in the MR-PRESSO analysis in UK Biobank
(Table 2). The intercept in the MR-Egger regression
indicated no pleiotropy in any analysis (all P values
>.05) (Table 2).
Discussion

This MR study found that genetic predisposition to a
high BMI, type 2 diabetes, and smoking initiation was
associated with an increased risk of diverticular disease.
There was limited support of a causal association of
genetically predicted coffee consumption with divertic-
ular disease. The association between genetically pre-
dicted alcohol consumption and diverticular disease was
inconsistent in 2 populations and thus remained
undetermined.

Increased adiposity has been consistently associated
with an elevated risk of diverticular disease in traditional
observational studies. A prospective cohort study of
47,228 men followed up for 18 years found that 3 in-
dicators of obesity, including BMI, waist circumference,
and waist-to-hip ratio, significantly increased the risk of
diverticulitis and diverticular bleeding.8 A meta-analysis
including 6 cohort studies found a linear positive asso-
ciation between BMI and diverticular disease risk, with a
28% increase in risk per 5-kg/m2 increment in BMI.4

Another meta-analysis based on 9 cross-sectional and 1
cohort study found a 40% higher of risk of diverticular
disease in obese individuals compared with nonobese
individuals.5 In a recent cohort study of 46,079 women,
the multivariable hazard ratio of diverticular disease was
1.35 in individuals with BMI >35 kg/m2 compared with



Table 2. Associations of Body Mass Index, Diabetes, and Lifestyle Factors With Diverticular Disease in Sensitivity Analyses

Source Exposure
Used
SNPs Cochrane’ Q Pintercept

Weighted Median MR-Egger

OR 95% CI P OR 95% CI P

FinnGen Body mass index 305 356 .753 1.24 1.03– 1.50 .024 1.14 0.85–1.53 .368

FinnGen Type 2 diabetes 472 593 .077 0.98 0.91–1.05 .511 0.96 0.88–1.05 .393

FinnGen Coffee consumption 12 10 .429 1.00 0.75–1.33 .990 1.08 0.70–1.68 .729

FinnGen Alcohol consumption 80 102 .494 0.64 0.38–1.07 .090 0.58 0.23–1.46 .250

FinnGen Smoking initiation 297 364 .855 1.11 0.95–1.29 .190 1.09 0.68–1.75 .727

UKBB Body mass index 312 422 .076 1.38 1.19–1.60 <.001 1.02 0.78–1.32 .907

UKBB Type 2 diabetes 491 695 .184 1.03 0.97–1.09 .383 1.00 0.92–1.08 .993

UKBB Coffee consumption 12 17 .633 0.94 0.74–1.20 .641 1.02 0.64–1.64 .926

UKBB Alcohol consumption 84 130 .938 1.23 0.78–1.95 .369 1.35 0.73–2.48 .339

UKBB Smoking initiation 312 428 .525 1.25 1.09–1.43 .002 1.12 0.74–1.68 .598

Source Exposure
Used
SNPs Outliers Pdistortion

MR-PRESSO Contamination Mixture

OR 95% CI P OR 95% CI P

FinnGen Body mass index 305 0 NA NA NA NA 1.34 1.12–1.52 .001

FinnGen Type 2 diabetes 472 1 .868 1.03 0.98–1.07 .227 1.00 0.96–1.05 .999

FinnGen Coffee consumption 12 0 NA NA NA NA 0.92 0.71–1.17 .501

FinnGen Alcohol consumption 80 1 .686 0.72 0.50–1.03 .076 0.54 0.34–0.84 .007

FinnGen Smoking initiation 297 0 NA NA NA NA 1.17 1.01–1.36 .044

UKBB Body mass index 312 3 .757 1.29 1.16–1.43 <.001 1.36 1.20–1.54 <.001

UKBB Type 2 diabetes 491 6 .714 1.06 1.02–1.09 .002 1.05 1.02–1.09 .005

UKBB Coffee consumption 12 0 NA NA NA NA 0.98 0.76–1.19 .850

UKBB Alcohol consumption 84 2 .682 1.41 1.06–1.88 .021 1.57 0.89–2.18 .092

UKBB Smoking initiation 312 1 .815 1.29 1.17–1.42 <.001 1.28 1.13–1.43 <.001

CI, confidence interval; NA, not available; OR, odds ratio; SNP, single nucleotide polymorphism; UKBB, UK Biobank.
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those with BMI <22.5 kg/m2.6 The present MR study
supported previous findings and strengthened the evi-
dence of causal association between adiposity and risk of
diverticular disease. Several underlying mechanisms
have been proposed to explain this positive associa-
tion.33 Obese and nonobese individuals have different
gut bacterial flora that may play a role in diverticular
disease.33,34 The increased intra-abdominal pressure
caused by excess visceral fat and chronic inflammation in
obese individuals may increase the risk of diverticular
disease.33

Smoking also shows a consistent association with an
increased risk of diverticular disease in previous studies.
A meta-analysis including 5 cohort studies found that the
risk of diverticular disease increased by 36% for current
smokers and 29% for ever smokers compared with
never smokers, and the risk increased with the number
of cigarettes smoked per day.9 In a retrospective analysis
of data from 43,772 Swedish men, smokers with
different numbers of cigarettes smoked had 37%–60%
higher of 2 of developing diverticular disease compared
with nonsmokers.7 Our study with data from 2 pop-
ulations confirmed the detrimental effect of smoking on
diverticular disease and supported the causality of this
association. Several mechanisms linking smoking to
diverticular disease have been postulated, such as
detrimental effects of smoking on intestinal microbiota,35

inflammation,36 and abdominal fatness.37 Furthermore,
smoking may increase intestinal motility and intra-
luminal pressure,38 thereby possibly facilitating the
onset of diverticular disease.

Data of the association of type 2 diabetes in relation
to diverticular disease are relatively limited and con-
flicting. In a meta-analysis of 6 studies, the OR of diver-
ticular disease was 1.25 in patients with diabetes
compared with those without diabetes.10 Meanwhile,
diabetes showed to be a risk factor for diverticular
bleeding.11 Nevertheless, the association of baseline self-
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reported diabetes with incident diverticular disease was
not observed in the Oxford cohort of European Pro-
spective Investigation into Cancer and Nutrition with
812 cases.12 In a retrospective case-control study
including 3175 individuals having diabetes mellitus was
associated with a decreased risk of colonic diverticu-
losis.13 This MR study observed a positive association
between type 2 diabetes and diverticular disease and
implied this association possibly to be causal. However,
we observed slight discrepancy in associations for dia-
betes in FinnGen and UK Biobank. The association was of
borderline statistical significance in FinnGen, which
might be caused by inadequate power (possibly a smaller
variance explained by used SNPs in FinnGen). In addi-
tion, differences in the prevalence of type 2 diabetes and
diabetes treatments between the 2 populations might
explain this inconsistency.39

Alcohol consumption was inconsistently associated
with diverticular disease risk in previous studies. A re-
view study based on 5 cross-sectional studies and 1
cohort study found a borderline positive association
between alcohol consumption and risk of diverticulosis;
however, the heterogeneity across included studies was
substantial.16 A null finding was reported for moderate
alcohol consumption in relation to diverticular disease in
two large-scale cohort studies.7,12 Nonetheless, heavy
alcohol consumption (or risky alcohol consumption) and
alcohol abuse were revealed to increase the risk of
diverticular disease.7,15,17 The present MR study found
an unclear pattern of association between moderate
alcohol consumption and risk of diverticular disease and
a largely different tendency of this association in 2
populations. Given that alcohol consumption was an
aggregated measure of intake of all types of alcoholic
beverages, the observed discrepancy in associations be-
tween FinnGen and UK Biobank might be caused by
differences in alcohol behaviors (eg, type of alcoholic
beverages, frequency of consumption, the quantity on
each occasion) between the 2 countries. A cohort study
of 47,678 U.S. men found that consumption of liquor, but
not of beer or wine, increased the risk of symptomatic
diverticular disease.18 Thus, the causal impact of alcohol
consumption on diverticular disease remained undeter-
mined and warrants more study.

Few studies have reported results on the association
between coffee consumption and risk of diverticular
disease.15,18 Our study suggested no causal effect of
coffee consumption on the development of diverticular
disease, which was in line with findings from previous
studies.15,18

There are several strengths of the present study. MR
design strengthened the causal inference by diminishing
residual confounding and other biases. The associations
were examined in 2 independent populations and
remained consistent for all studied exposures, with an
exception for alcohol consumption. In addition, consis-
tent results from several sensitivity analyses guaranteed
the robustness of our findings. The meta-analysis of 2
data sources also increased the power to detect weak
associations. Data were derived from genome-wide as-
sociation studies with the adjustment for genetic prin-
cipal components. Our analysis was confined to
individuals of European ancestry. Thus, observed asso-
ciations were unlikely to be biased by population struc-
ture. On the other side, the population confinement
might limit the generalizability of these findings to other
populations.

Limitations need consideration when interpreting our
results. An important constraint in any MR study is
pleiotropy. However, several aspects of our results
indicated a minimal probability that pleiotropy would
bias our results, including no indication from the inter-
cept of the MR-Egger analysis, few outliers detected in
the MR-PRESSO analysis and consistent results from
sensitivity models. Nonlinear associations could not be
assessed in this study based on summary-level data. In
addition, we were unable to examine possible sex dif-
ferences40 in associations of studied exposures with
diverticular disease due to lack of sex-specific data. In
the present study, we studied diverticular disease as a
whole, which includes diverticulosis, diverticulitis, and
diverticular hemorrhage with different pathologies.
Separate analyses for each of these diverticular diseases
would help clarify the difference in their associations
with adiposity, diabetes, and studied lifestyle factors.
Diverticular disease in this study was defined by hospital
discharge diagnoses. Given that most people with
diverticulosis are less likely to be hospitalized and that
<5% of patients with diverticulosis present with diver-
ticular bleeding,1 our findings are likely applicable pri-
marily to diverticulitis. Finally, diagnostic information
was obtained from national registries in both FinnGen
and UK Biobank. It is therefore conceivable that some
cases with diverticular disease were misclassified as
controls, which might attenuate the associations in a
conservative way.

In conclusion, this study strengthens the causal
inference that higher BMI, type 2 diabetes, and smoking
are risk factors for diverticular disease. Coffee con-
sumption is not associated with diverticular disease.
Given the different associations for alcohol consumption
in the 2 data sources, the causal association of alcohol
consumption with diverticular disease needs further
investigations.
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