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Introduction
Diverticulosis is the formation of single or multi-
ple diverticula in the colon. It is believed that 
diverticula are caused by increased pressure on the 
weak side of the bowel wall, as occurs when strain-
ing during a bowel movement,1 although a recent 
cross-sectional study did not confirm this theory.2 
Due to ageing of the population, the prevalence of 
diverticular disease has increased significantly in 
Japan and China.3–5 The vast majority of patients 

with diverticula are asymptomatic. During a 
patient’s lifetime, however, diverticula may be 
associated with clinical illness, such as diverticuli-
tis, complications of abscess, fistula, obstruction, 
and lower intestinal hemorrhage.6,7 Although only 
1–4% of diverticulosis patients develop diverticu-
litis,8 diverticular disease constitutes the eighth 
most common outpatient digestive disease in the 
United States, accounting for 2.7 million health-
care-related visits each year.9
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Abstract
Background: The prevalence of diverticulosis has increased in our aging population, but the 
risk factors for diverticulosis are not fully understood. The role of hypertension in the risk of 
diverticulosis remains uncertain. This study investigated whether hypertension is associated 
with asymptomatic colorectal diverticulosis.
Methods: This study enrolled asymptomatic patients who received a colonoscopy as part 
of a health check. Hypertension was defined by actual measured blood pressure. Logistic 
regression models were used to examine the relationship between hypertension and 
diverticulosis. In addition, we established three logistic regression models for covariate 
adjustment, and further stratified patients with hypertension into three subgroups based on 
their type of hypertension.
Results: The study group consisted of 2748 participants, including 141 participants with 
diverticulosis and 2607 participants without diverticulosis. After adjustments for potential 
covariates, the odds ratio (OR) for having diverticulosis was 1.83 (95% confidence interval, 
1.21–2.75, p = 0.004) in the hypertension group compared with the group without hypertension. 
In subgroup analyses, hypertension without antihypertensive medication use, and 
hypertension despite the use of antihypertensive medication were also significantly associated 
with the occurrence of asymptomatic diverticulosis (OR = 1.73, p = 0.028; OR = 2.07, p = 0.013, 
respectively). Current normal blood pressure under antihypertensive drug therapy was not 
associated with diverticulosis (OR = 1.74, p = 0.092).
Conclusions: Our findings suggest a positive association between hypertension and 
diverticulosis. Participants with poorly controlled blood pressure were found to have a higher 
risk of asymptomatic diverticulosis. Our study presents epidemiologic evidence for future 
prevention strategies against diverticulosis.
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Currently, the etiopathogenesis and risk factors of 
colonic diverticulosis are not completely under-
stood. Previous studies have indicated that some 
factors increase the risk of developing diverticulo-
sis. As examples, an unhealthy lifestyle, western 
dietary patterns, and obesity have been reported 
to be associated with a higher risk of diverticulo-
sis.10,11 All of these factors are also associated with 
hypertension.12 In addition, prior studies have 
shown a dramatic increase in the prevalence of 
diverticula among elderly people.13 The preva-
lence of diverticula is as high as 60% in patients 
older than 70 years but is only 25% among patients 
less than 40 years old. Although hypertension is 
prevalent in the older population, it has often been 
neglected outside the diverticulosis field.

One Danish nationwide study revealed that diver-
ticular disease is a risk factor for stroke and acute 
myocardial infarction.14 Another study in Italy 
showed an association between the presence of 
diverticulosis and cardiovascular disease.15 A few 
studies have focused on the possible relationship 
between hypertension and diverticulosis; how-
ever, the results are conflicting and based mainly 
on univariable analyses in which potential con-
founders were not considered.16,17 One study 
showed that a prevalence of hypertension of 30% 
among participants with diverticulosis and 20% 
among participants without diverticulosis.18 On 
the other hand, some studies found no significant 
relationship between hypertension and diverticu-
losis.3,19,20 In addition, in the studies cited, the 
definition of hypertension was not sufficiently 
elucidated.

A better understanding of the potential effects of 
hypertension on diverticulosis is urgently needed 
to inform appropriate management. The aim of 
the present study was to analyze the associations 
between different subgroups of patients with 
hypertension and diverticulosis, and to shed 
light on potential risk factors related to colonic 
diverticulosis.

Methods

Study population
This study enrolled asymptomatic patients who 
received a colonoscopy as part of a health check 
at the Tri-Service General Hospital (TSGH) 
health promotion center between 2010 and 2017. 
These patients can easily schedule a health check 

for any type of examination annually if it is eco-
nomically feasible. Colonoscopies were per-
formed by skilled endoscopy specialists after the 
participants had fasted overnight (except medi-
cations). An oral cathartic was prescribed for 
bowel preparation according to the protocol for 
diagnostic colonoscopy. The patients underwent 
a detailed examined for colorectal mucosal 
lesions. Patients with evidence of colitis, familial 
polyposis syndrome, previous colon resection, or 
previous colon cancer were excluded. The study 
was approved by the Institutional Review Board 
(IRB) of TSGH, National Defense Medical 
Center in Taiwan (#2_106_05_144) in accord-
ance with the Declaration of Helsinki. Since the 
study used deidentified past health check records, 
the IRB granted a waiver of informed consent for 
the study.

Definition of hypertension
Based on the guidelines for management of hyper-
tension from the Taiwan Society of Cardiology 
and the Taiwan Hypertension Society,21 partici-
pants were considered to have hypertension if 
their blood pressure was ⩾140/90 mmHg or if 
they were using antihypertensive medication. To 
prevent elevated blood pressure due to nervous-
ness, the patient’s blood pressure was measured 
2 h before the colonoscopy. Blood pressure was 
measured using a digital sphygmomanometer with 
automatic cuff inflation after the participants had 
rested in a chair for at least 10 min. The partici-
pants were required to be seated quietly with their 
elbows at heart level, their forearms comfortably 
on the table and their palms facing up to ensure an 
accurate reading. The average of two readings was 
recorded for analysis.

We also divided the participants with hyperten-
sion into three subgroups. Group A was defined as 
those who had normal blood pressure under anti-
hypertensive medication therapy, group B was 
defined as those who had hypertension and were 
not using antihypertensive medication, and group 
C was defined as those who still had hypertension 
despite antihypertensive medication therapy. In 
addition, we classified participants with measured 
values ⩾120 mmHg for systolic blood pressure 
(SBP) or ⩾80 mmHg for diastolic blood pressure 
(DBP) into three categories according to the stag-
ing of the Taiwan Society of Cardiology and the 
Taiwan Hypertension Society.21 Prehypertension 
was defined as SBP values between 120 mmHg 
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and 139 mmHg, or DBP values between 80 mmHg 
and 89 mmHg. Measured SBP values between 
140 mmHg and 159 mmHg, or DBP values 
between 90 mmHg and 99 mmHg, were stratified 
as stage 1 hypertension. We defined an SBP higher 
than 160 mmHg or a DBP higher than 100 mmHg 
as stage 2 hypertension.

Study variables
Age, gender, exercise habits, smoking status, 
alcohol consumption, and medical history were 
collected from a self-completed questionnaire 
and identity card. Smoking status was divided 
into three types: never smoker, former smoker, 
and current smoker. Exercise habits and alcohol 
consumption were classified according to the fre-
quency per week. Measurements of body weight 
and height were completed with a digital scale. 
Body mass index (BMI) was calculated by divid-
ing a participant’s weight in kilograms by the 
square of the participant’s height in meters (kg/
m2). After fasting for 8 h, blood samples were col-
lected. Total cholesterol, triglycerides, uric acid, 
creatinine, and fasting glucose were analyzed.

Statistical analysis
Age, BMI, serum total cholesterol, triglycerides, 
uric acid, creatinine, and fasting glucose were 
defined as continuous variables. We used 
Student’s t tests to compare the mean values of 
continuous variables with a normal distribution. 
We used Mann–Whitney U tests to compare the 
mean values of continuous variables without a 
normal distribution. The other covariates, includ-
ing gender, exercise habits, smoking status, alco-
hol consumption, and hypertension, were 
regarded as categorical variables. Chi-square tests 
were used to compare these categorical variables 
according to the baseline characteristics. The 
effects of hypertension on the risk of diverticulosis 
were examined using logistic regression models. 
Three extended models were used for covariate 
adjustment. Model 1 is the unadjusted model. We 
adjusted for age, sex, BMI, total cholesterol, tri-
glycerides, uric acid, creatinine, and fasting glu-
cose in Model 2. We further adjusted for the 
factors in Model 2 plus exercise habits, smoking 
status, and alcohol consumption in Model 3. 
Furthermore, we divided the participants with 
hypertension into group A, group B, and group 
C, and covariate adjustments were designed as 
logistic regression models. To further strengthen 

our results, we also analyzed the data using pro-
pensity score matching (matched for age, gender, 
and BMI). We also classified blood pressure as 
prehypertension, stage 1 hypertension, and stage 
2 hypertension, and designed covariate adjust-
ments as logistic regression models. In addition, 
we classified the participants into five groups 
according to their blood pressure values. We 
compared those higher blood pressure groups 
with the lowest blood pressure group using logis-
tic regression analysis. Moreover, because age is a 
substantial risk factor for diverticulosis, we fur-
ther analyzed the data categories by age.

Furthermore, several sensitivity analyses, includ-
ing restricting analyses to participants without 
self-reported cardiovascular disease or without a 
history of diverticulitis, were performed. 
Significant differences were indicated when two-
sided p values were less than 0.05. All statistical 
analyses were conducted using SPSS (version 
18.0, SPSS Inc., Chicago, IL).

Results

Characteristics of the study population
The study group consisted of 2748 asymptomatic 
participants, including 141 participants with 
diverticulosis and 2607 participants without 
diverticulosis, with 1672 men and 1076 women. 
The clinical characteristics of the study group 
were classified as shown in Table 1. Among the 
participants, 60.8% were men, and the mean age 
was 53.21 (±11.56) years (range 18–89 years). 
An increase in the prevalence of diverticulosis was 
observed with increasing age (see Figure 1). Older 
age, the presence of hypertension, a higher BMI, 
and higher triglyceride, uric acid, fasting glucose, 
and creatinine levels were more prominent in the 
diverticulosis group compared with the nondiver-
ticulosis group (see Supplementary data, Tables 
S1–S2).

Association between hypertension and 
asymptomatic diverticulosis
The results of the logistic regression analyses are 
presented in Table 2. In Model 1 with all partici-
pants, the unadjusted odds ratio (OR) was 2.95 
[95% confidence interval (CI), 2.08–4.19, 
p <0.001]. After adjustments for further covariates 
in Model 2, the OR was 1.73 (95% CI, 1.16–2.51, 
p = 0.009). In Model 3, additional adjustments for 
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Table 1. Characteristics of the study participants according to diverticulosis status.

Baseline characteristics Diverticulosis group
(n = 141)

Nondiverticulosis group 
(n = 2607)

p value

Continuous variables*  

 Age (years) 59.04 ± 10.28 52.90 ± 11.55 <0.001

 Body mass index (kg/m2) 26.21 ± 4.18 24.52 ± 3.79 <0.001

 Total cholesterol (mg/dl) 194.67 ± 36.77 194.41 ± 36.86 0.936

 Triglyceride (mg/dl) 165.67 ± 102.52 144.81 ± 90.60 0.001

 Uric acid (mg/dl) 6.34 ± 1.41 5.80 ± 1.45 <0.001

 Creatinine (mg/dl) 1.00 ± 0.83 0.85 ± 0.29 <0.001

 Fasting glucose (mg/dl) 104.21 ± 26.68 98.04 ± 27.26 0.010

Categorical variables$  

 Sex <0.001

  Male 106 (75.2) 1566 (60.1)  

  Female 35 (24.8) 1041 (39.9)  

 Hypertension‡ <0.001

  No 54 (38.3) 1687 (64.7)  

  Yes 87 (61.7) 920 (35.3)  

 Exercise 0.305

  No exercise 18 (13.5) 338 (13.7)  

  <1 times/week 52 (39.1) 1015 (41.2)  

  1–2 times/week 26 (19.5) 585 (23.8)  

  3–5 times/week 37 (27.8) 523 (21.3)  

 Smoking 0.089

  Never smoker 72 (53.3) 1542 (62.7)  

  Former smoker 20 (14.8) 309 (12.6)  

  Current smoker 43 (31.9) 610 (24.8)  

 Alcohol consumption 0.169

  Never drinking 60 (48.0) 1138 (50.0)  

  1–2 times/week 54 (43.2) 1024 (45.0)  

  3–7 times/week 11 (8.8) 113 (5.0)  

*Values were expressed as mean (standard deviation).
$Values in the categorical variables were expressed as number (%).
‡Hypertension = blood pressure ⩾140/90 mmHg, or if they were using antihypertensive medication.
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smoking status, exercise, and alcohol consumption 
did not affect the statistical significance in our 
study (OR = 1.83, p = 0.004). In addition, after 

propensity score matching (see Supplementary 
data, Table S3), the OR for having diverticulosis 
was 1.76 (95% CI, 1.07–2.90, p = 0.025) in the 
hypertension group compared with the group 
without hypertension.

Sensitivity analysis
We further examined the effect of hypertension 
on the occurrence of colonic diverticulosis by sep-
arating the participants with hypertension into 
three groups based on the definition of hyperten-
sion (see Table 2). After multivariable analysis in 
the fully adjusted model, group B and group C 
were significantly associated with the presence of 
asymptomatic diverticulosis. The OR was 1.73 
(p = 0.028) for group B and 2.07 (p = 0.013) for 

Table 2. Risks of diverticulosis in the hypertension group.

Hypertension group Odds ratio
(95% confidence interval)

p value

Total (n = 1007)*  

 Model 1$ 2.95 (2.08–4.19) <0.001

 Model 2 1.71 (1.16–2.52) 0.009

 Model 3 1.83 (1.21–2.75) 0.004

Group A (n = 255)  

 Model 1 2.66 (1.56–4.52) <0.001

 Model 2 1.60 (0.88–2.93) 0.125

 Model 3 1.74 (0.91–3.31) 0.092

Group B (n = 516)  

 Model 1 2.48 (1.62–3.81) <0.001

 Model 2 1.51 (0.94–2.43) 0.087

 Model 3 1.73 (1.06–2.83) 0.028

Group C (n = 236)  

 Model 1 4.38 (2.73–7.03) <0.001

 Model 2 2.20 (1.28–3.76) 0.004

 Model 3 2.07 (1.17–3.67) 0.013

* Total = blood pressure ⩾140/90 mmHg, or if they were using antihypertensive medication; Group A = current normal 
blood pressure under antihypertensive drugs therapy; Group B = hypertension without antihypertensive medication 
control; Group C = current hypertension under antihypertensive medication control.

$ Adjusted covariates: Model 1 = unadjusted; Model 2 = age, sex, BMI, total cholesterol, triglyceride, uric acid, creatinine, 
fasting glucose; Model 3 = Model 2+ (exercise, smoking, alcohol consumption).

Figure 1. Prevalence of diverticulosis stratified by age.
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Group C. Group C showed the highest OR 
among the three groups; however, in group A, in 
which blood pressure was well controlled by anti-
hypertensive drug treatment, a notable associa-
tion between hypertension and asymptomatic 
diverticulosis was observed only in Model 1 as the 
significance was lost in adjusted Models 2 and 3 
(OR = 1.60, p = 0.125; OR = 1.74, p = 0.092, 
respectively).

Furthermore, we stratified stages of hypertension 
according to blood pressure values. Overall, par-
ticipants with stage 1 and stage 2 hypertension had 
a significantly higher risk of diverticulosis (see 
Table 3). The OR was 2.30 (p = 0.005) for stage 1 
hypertension and 2.62 (p = 0.011) for stage 2 
hypertension. Participants with prehypertension 
exhibited no significant relation with the occur-
rence of diverticulosis. We further stratified  
participants by age. The significant association 
between hypertension stage and the risk of diver-
ticulosis mentioned above was observed only in 
participants older than 50 years and not in partici-
pants younger than 50 years. Among the older 
participants, the OR was 2.40 (p = 0.007) for those 
with stage 1 hypertension and 2.66 (p = 0.017) for 
those with stage 2 hypertension. In addition, after 
dividing the participants with hypertension into 
five groups, the OR was 2.38 (p = 0.006) for the 
top quintile compared with the bottom quintile of 
hypertension (see Supplementary data, Table S4).

In addition, we repeated the analyses excluding 
participants (n = 93) with self-reported cardiovas-
cular disease and excluding participants (n = 1) 
with a history of diverticulitis (see Supplementary 
data, Tables S5–S6). The similar results obtained 

from these analyses increased the robustness of 
our original findings.

Discussion
To the best of our knowledge, the present study is 
the first to analyze the association between hyper-
tension and diverticulosis, not only considering 
potential covariates but also stratification of the 
participants with hypertension into different 
groups. Participants with hypertension were more 
likely to have colonic diverticulosis compared with 
those without hypertension. In addition, partici-
pants with poorly controlled blood pressure have a 
higher risk of asymptomatic diverticulosis.

The results of the present study showed a signifi-
cant association between hypertension and diver-
ticulosis. Few studies have focused on evaluating 
the impact of hypertension on asymptomatic 
diverticulosis, and the results of these studies are 
contradictory. A cross-sectional analysis by 
Sakuta and colleagues reported a relationship 
between hypertension and asymptomatic diver-
ticulosis only in middle-aged Japanese men.18 
One Korean study found that diverticulosis was 
associated with elevated blood pressure, increased 
alcohol consumption and a high-fat diet.16 
Another study including both symptomatic and 
asymptomatic participants reported that colonic 
diverticulosis was associated with hypertension, 
adenomatous polyps, and diabetes mellitus.17 
None of the above studies examined confounders 
as in our study. Confounders such as age, sex, 
BMI, alcohol consumption, smoking status, and 
other physical conditions may be responsible for 
the conflicting data in the literature. For example, 

Table 3. Risks of diverticulosis with hypertension stage.

HTN Stage Total (n = 2748) Age ⩽ 50 years (n = 999) Age > 50 years (n = 1749)

OR* (95% CI) p value OR* (95% CI) p value OR* (95% CI) p value

Normal (reference) 1 – 1 – 1 –

Pre-HTN 1.56 (0.88–2.74) 0.125 2.16 (0.64–7.35) 0.216 1.33 (0.70–2.52) 0.381

Stage 1 HTN 2.30 (1.29–4.12) 0.005 1.06 (0.20–5.55) 0.948 2.40 (1.28–4.51) 0.007

Stage 2 HTN 2.62 (1.25–5.52) 0.011 1.20 (0.11–13.01) 0.879 2.66 (1.20–5.92) 0.017

HTN, Hypertension; Pre-HTN [systolic blood pressure (SBP): 120–139 mmHg or diastolic blood pressure (DBP) 80–89 mmHg]; Stage 1 HTN, 
Stage 1 hypertension (SBP: 140–159 mmHg or DBP 90–99 mmHg); Stage 2 HTN, Stage 2 hypertension (SBP: ⩾160 mmHg or DBP ⩾100 mmHg).
*Adjusted for age, sex, BMI, total cholesterol, triglyceride, uric acid, creatinine, fasting glucose, exercise, smoking, alcohol consumption.
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a population-based study in Japan revealed a pos-
itive association between hypertension and diver-
ticulosis in a univariable analysis; however, this 
association was attenuated after adjusting for 
confounders.3 Fully adjusted potential confound-
ers strengthen the results of our study. In addi-
tion, we also note that participants of older age, 
with a higher BMI, and higher triglyceride, uric 
acid, fasting glucose, and creatinine levels tended 
to have concomitant colonic diverticulosis, in 
accordance with previous studies.3,11,16,19,22

We further stratified hypertension into different 
groups, and the results corroborated our hypoth-
esis that hypertension plays an important role in 
diverticulosis. In Group C, we found that poorly 
controlled hypertension had the strongest associ-
ation with diverticulosis. Group B showed that 
untreated hypertension also represents a risk fac-
tor for asymptomatic diverticulosis. Group A, 
however, demonstrated that the effect of hyper-
tension on the diverticulum diminished after suc-
cessful blood pressure control, and this result is in 
line with the results of a previous Japanese study 
in which the definition of hypertension included 
participants who used antihypertensive medica-
tion, and the authors found that hypertension had 
no influence on diverticulosis.23 To enhance our 
point, we analyzed the association between diver-
ticulosis and three stages of hypertension (prehy-
pertension, stage 1 hypertension and stage 2 
hypertension). Notably, participants with higher 
blood pressure had a significantly higher risk of 
diverticulosis, especially participants older than 
50 years. To conclude, our multivariable analysis 
with separate hypertension groups revealed that 
blood pressure control may play an important 
role in preventing asymptomatic diverticulosis.

Although the mechanisms that link hypertension 
to diverticulosis are not well known, a plausible 
connection may be attributed to vascular 
changes. Vasa recta are straight arteries that 
arise from arcades to supply blood to the colonic 
mucosa. The sites where the vasa recta pass 
through the circular muscle layer form weak 
points (loci minoris resistentiae) along the 
colonic wall.24 Morphologically, colonic diver-
ticulosis has been reported to be present at these 
relatively vulnerable spots.25,26 Manifestations of 
aging arteries include endothelial dysfunction,27 
inflammation,28,29 remodeling, calcification, and 
increased stiffness.30 Others have also reported 
that hypertension causes endothelial injury and 

arteriosclerosis.31,32 In other words, atherogene-
sis was described as having a significant relation-
ship with vascular elastin fragmentation.33 Thus, 
the degeneration of the blood vessels leads to a 
decrease in blood supply, and the weak point of 
the colonic wall more became more fragile, lead-
ing to structural changes in the colon wall. These 
findings, which are related to relevant biological 
mechanisms, suggest that increased blood pres-
sure might induce structural changes in the 
colon wall.

Limitations
Our study revealed a statistically significant rela-
tionship between hypertension and diverticulosis; 
however, some limitations exist. First, a few tradi-
tional covariates, such as dietary fiber intake and 
constipation, were not assessed, although con-
flicting literature reports exist currently on the 
role of fiber intake and constipation in diverticu-
losis.2,34 For the most part, dietary fiber has been 
considered to be inversely associated with the risk 
of diverticulosis.35,36 However, Song and col-
leagues found no differences in the consumption 
of dietary fiber between participants with and 
without diverticulosis.16 Moreover, another study 
conducted by Peery and colleagues found that 
dietary fiber intake was significantly increased in 
participants with diverticulosis.37 It is difficult to 
confirm the true effect size and direction of die-
tary fiber on the risk of diverticulosis because of 
the subjective data on fiber intake and the long-
term duration of impact. Therefore, it might be a 
little biased to insert unsophisticated diet scores 
into statistical models. Second, our investigation 
had a cross-sectional design, and we therefore 
could not confirm a causal relationship between 
hypertension and colonic diverticulosis. However, 
the strong correlation of hypertension with diver-
ticulosis underlines the potential role of hyperten-
sion in prevention strategies. Third, we obtained 
medical history information using a question-
naire, and participants may not have recalled their 
medical histories reliably. Fourth, the overall 
prevalence of diverticulosis in our study was low 
relative to other studies. This discrepancy may be 
mainly attributed to different race and lifestyle 
factors. In addition, all our participants under-
went health examinations at their own expense, 
which may indicate that they were of higher soci-
oeconomic status and healthier. Future studies in 
other populations are needed. Moreover, although 
colonoscopy is very useful for detecting mucosal 
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abnormalities and distinguishing colitis, it is less 
sensitive than radiological techniques in diagnos-
ing diverticulosis.38

Conclusion
We conclude that hypertension exhibits a positive 
correlation with diverticulosis. Furthermore, par-
ticipants with poorly controlled blood pressure, 
regardless of the use of antihypertensive medica-
tions, were found to have a significantly higher 
risk of asymptomatic diverticulosis than those 
without hypertension. Therefore, prevention and 
management of hypertension may be useful for 
reducing the risk of colonic diverticulosis and 
may also be helpful for decreasing the incidence 
of diverticular diseases, such as diverticulitis. 
Additional longitudinal and interventional stud-
ies are required to verify this relationship.
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