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Background & aims: Some studies have linked low vitamin D status and high risk of diverticular disease,
but the causal relationship between vitamin D and diverticular disease remains unclear; clinical trial data
are warranted. The objective was to assess the efficacy of vitamin D3 supplementation on diverticular
disease hospitalization.
Methods: Post-hoc analysis of a community-based randomized double-blind placebo-controlled trial
(RCT) with 5108 participants randomized to receive monthly 100,000 IU vitamin D (n ¼ 2558) or
identical placebo (n ¼ 2550). The outcome was time to first diverticular disease hospitalization from
randomization to the end of intervention (July 2015), including a prespecified subgroup analysis in
participants with baseline deseasonalized 25-hydroxyvitamin D (25(OH)D) levels < 50 nmol/L.
Results: Over a median of 3.3 years follow-up, 74 participants had diverticular disease hospitalization.
There was no difference in the risk of diverticular disease hospitalization between vitamin D supple-
mentation (35/2558 ¼ 1.4%) and placebo (39/2550 ¼ 1.5%) groups (adjusted hazard ratio (HR) ¼ 0.90;
p ¼ 0.65), although in participants with deseasonalized 25(OH)D < 50 nmol/L (n ¼ 1272), the risk was
significantly lower in the vitamin D group than placebo (HR ¼ 0.08, p ¼ 0.02).
Discussion: Monthly 100,000 IU vitamin D3 does not reduce the risk of diverticular disease hospitali-
zation in the general population. Further RCTs are required to investigate the effect of vitamin D sup-
plementation on the diverticular disease in participants with low 25(OH)D levels.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Diverticular disease is one of the most common gastrointestinal
indications for hospital admissions [1]. In the past decade, the
incidence of diverticular disease hospitalization has increased,
especially in young men [2,3], and management of diverticular
disease remains an important challenge [4]. Geographical and
seasonal variations have led to the hypothesis that low vitamin D
status is associated with increased risk of diverticular disease [5].
This hypothesis was supported by results from a retrospective
cohort study [6], which found that higher serum 25-
hydroxyvitamin D (25(OH)D) levels in patients with the
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uncomplicated diverticular disease were associated with a lower
risk of diverticular disease hospitalization. However, due to the
observational design and limited research on this topic, the causal
relationship between vitamin D and diverticular disease remains
unclear; clinical trial data are warranted. Our objective was to
investigate the effect of monthly 100,000 IU vitamin D3 supple-
mentation on diverticular disease hospitalization in a post-hoc
analysis of a community-based randomized double-blind pla-
cebo-controlled trial (RCT). Given the emerging evidence that
vitamin D is mainly beneficial in people with vitamin D deficiency
[7], we included a pre-specified outcome that vitamin D supple-
mentation prevented diverticular disease hospitalization in par-
ticipants with vitamin D deficiency.
lism. All rights reserved.
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2. Material and methods

In the Vitamin D Assessment (ViDA) study, 5110 community-
dwelling participants in Auckland, New Zealand, were randomly
assigned to take a monthly capsule by mail with either 100,000 IU
vitamin D3 or identical placebo, and were followed-up for a median
of 3.3 years during 2011e2015. Inclusion criteria were: 1) age
50e84 years; 2) ability to give informed consent; 3) resident in
Auckland at recruitment; and 4) anticipated residence in New
Zealand for the 4 years study period. Exclusion criteria were: 1)
current use of vitamin D supplements (age 50e70 years: > 600 IU/
d; 71e84 years: > 800 IU/d); 2) having a psychiatric disorder which
prevented participation in the study; 3) history of hypercalcemia,
nephrolithiasis, sarcoidosis, parathyroid disease or gastric bypass
surgery; 4) enrolled in another study which could affect partici-
pation in the vitamin D study; and 5) baseline serum
calcium > 2.50 mmol/L. Details of the study protocol and main
results have been published [8e11]. Approval was given by the New
Zealand Multi-region Ethics Committee (MEC/09/08/082/AM) and
all participants gave informed consent. The study was registered
with the Australian and New Zealand Clinical Trials Register
(ACTRN12611000402943).

Baseline characteristics, including sociodemographic, lifestyle,
vitamin D or calcium supplements, and medical history diagnosed
by a doctor were collected at baseline interview. A 25 ml non-
fasting blood sample was collected for immediate measurement
of serum calcium, with the remaining remainder for later mea-
surement of serum 25(OH)D concentrations. Serum 25(OH)D con-
centrations (combining 25(OH)D2 and 25(OH)D3) at baseline in all
participants were measured using liquid chromatography-tandem
mass spectrometry 180 (LC-MS/MS, AB Sciex API 4000, Framing-
ham, MA) by a local laboratory participating in the Vitamin D
External Quality Assessment Scheme (DEQAS) program (the inter-
assay coefficient of variation for the assay is 12.7% at levels of
25e50 nmol/L and 8% at 100 nmol/L). Deseasonalized (season-
adjusted) 25(OH)D values were estimated for each participant by
removing a sinusoidal component from baseline 25(OH)D values of
all participants [12].

Following the baseline assessment, participants received one
placebo capsule (blind to participants) and a “run-in” question-
naire. They were randomly allocated to receive either vitamin D3
(100,000 IU) or identical placebo (by Tishcon Corporation, West-
bury, New York, USA) if they the questionnaire was returned within
4 weeks and confirmed they had taken the capsule. The computer-
generated randomization list was managed by a statistician not
involved in outcome data collection within randomly assigned
blocks of 8, 10, or 12, and stratified by 5-year age groups and ethnic
categories. All investigators and participants were blinded until the
end of the intervention period (July 2015). The initial mailing had
two capsules of vitamin D3 (200,000 IU) or placebo, followed by
one monthly capsule of vitamin D3 (100,000 IU) or placebo until
July 2015. The capsule was mailed to participants monthly until
November 2013. After that, for budgetary reasons, four capsules
were mailed every four months, along with monthly reminders
until July 2015.

All New Zealand residents are allocated a unique National
Health Index (NHI) number by the Ministry of Health (MoH),
allowing linkage to the National Minimum Dataset (containing
public and private hospital discharge information) [13]. The post-
hoc outcome was the time to first diverticular disease hospitali-
zation from randomization until July 2015. Diverticular disease
hospitalization was defined as primary or secondary hospital
discharge diagnosis using the International Statistical Classification
of Diseases and Health Related Problems, 10th Revision (ICD-10)
diagnosis codes K57.0-K57.9 [14].
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The effect of vitamin D supplementation (versus placebo) was
examined all participants and the following groups: participants
with baseline deseasonalized 25(OH)D levels < 50 nmol/L, no his-
tory of diverticular disease hospitalizations during the two years
before randomization, and the latter with baseline deseasonalized
25(OH)D levels < 50 nmol/L. All the post-hoc outcome and sub-
groups were pre-specified before data analyses. Cox proportional
hazards regressions (adjusted for age, sex, and ethnicity at
randomization) were used to compare the time to first diverticular
disease hospitalization in the two treatment groups, with deaths
censored (SAS version 9.4, SAS Institute Inc., Cary, NC, USA). A two-
sided p < 0.05 was considered statistically significant. Based on an
overall cumulative incidence of 1.5% in the placebo group (39 par-
ticipants for the primary outcome), the study had more than 80%
power to detect a risk ratio of 0.45 at 5% significance level [15].

3. Results

From all 5110 participants randomized, two withdrew consent,
leaving 5108 whowere randomized to vitamin D3 supplementation
(n ¼ 2558) or placebo (n ¼ 2550) (Fig. 1). For demographic vari-
ables, 2969 (58%) were male, and 4253 (83%) were of European/
Other ethnicity, with the remainder beingM�aori (5.3%), Pacific (6.5)
or South Asian (4.9%). The mean (SD) age was 66 (8) years and
deseasonalized 25(OH)D was 66 (22) nmol/L. In the two years
before randomization, 43 (0.8%) participants had a diverticular
disease hospitalization (Table 1).

Over a median follow-up of 3.3 years, there were 74 (1.4%)
participants with a diverticular disease hospitalization. There was
no difference in the percentage with a diverticular disease hospi-
talization during study follow-up between the vitamin D (35/
2558¼ 1.4%) and placebo (39/2550¼ 1.5%) groups (adjusted hazard
ratio (HR) ¼ 0.90; 95%CI ¼ 0.57e1.14, p ¼ 0.65) (Table 2 & Fig. 2).
Similar non-significant results were seen in 5065 participants
without a history of diverticular disease hospitalization (HR ¼ 0.97,
95%CI ¼ 0.60e1.57, p ¼ 0.91). However, in 1272 participants with
deseasonalized 25(OH)D levels < 50 nmol/L (test for an interaction
between binary 25(OH)D levels and treatment effect, p ¼ 0.01),
there was a significantly lower percentage of participants with a
diverticular disease hospitalization in the vitamin D group (1/
613¼ 0.1%) compared to placebo (13/659¼ 2.0%) (HR¼ 0.08, 95%CI
¼ <0.01e0.40, p ¼ 0.02). A similar lower risk was observed in
participants without a history of diverticular disease hospitaliza-
tion and with deseasonalized 25(OH)D levels < 50 nmol/L
(n ¼ 1264, HR ¼ 0.09, p ¼ 0.03) (Table 2 & Fig. 2).

To provide a better understanding of the findings from the
prespecified participants with baseline deseasonalized 25(OH)D
levels < 50 nmol/L, we also examined the association between
ethnicity and the risk of first diverticular disease hospitalization. In
the follow-up period, 14 out of 1272 participants had a diverticular
disease hospitalisation, most of whom were of European/Other
ethnicity (n ¼ 11), followed by Maori (n ¼ 2) and South Asian
(n ¼ 1). Compared to European/Other ethnicity, Maori participants
had a higher hazard of diverticular disease hospitalization
(adjusted HR ¼ 3.27, 95%CI ¼ 0.50e12.47), and South Asian par-
ticipants had a slightly lower hazard (adjusted HR ¼ 0.83, 95%
CI ¼ 0.04e4.46), but neither finding was significant (p > 0.05)
(Table S1).

4. Discussion

This post-hoc analysis of a large community-based RCT indicates
that monthly bolus vitamin D3 supplementation (compared with
placebo) does not prevent diverticular disease hospitalization in all
participants, nor in participants without a history of diverticular
erticular disease hospitalization: Post-hoc analysis of a randomized
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Fig. 1. CONSORT flow diagram in the Vitamin D Assessment study.

Table 1
Baseline characteristics of eligible participants in the Vitamin D Assessment study.

Variables Vitamin D (n ¼ 2558) Placebo (n ¼ 2550)

Age (y), mean (SD) 65.9 (8.3) 65.9 (8.3)
Sex, n (%)
Male 1512 (59.1) 1457 (57.1)
Female 1046 (40.9) 1093 (42.9)

Ethnicity, n (%)
European/Other 2127 (83.2) 2126 (83.4)
M�aori 137 (5.4) 135 (5.3)
Pacific 168 (6.6) 166 (6.5)
South Asian 126 (4.9) 123 (4.8)

DD history (2 years before randomization), n (%)
Yes 25 (1.0) 18 (0.7)
No 2533 (99.0) 2532 (99.3)

25(OH)D (nmol/L), mean (SD) 66.4 (22.5) 65.7 (22.5)
25(OH)D (nmol/L), n (%)
0e49.9 659 (25.8) 613 (24.0)
�50.0 1891 (74.2) 1945 (76.0)

DD, diverticular disease hospitalization; SD, standard deviation; 25(OH)D, desea-
sonalized 25-hydroxyvitamin D levels.
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disease hospitalization. However, there was a statistically signifi-
cant benefit in participants who had a deseasonalized 25(OH)
D < 50 nmol/L (a pre-specified subgroup). These findings partly
support the hypothesis from previous observational studies of a
role for vitamin D status in the pathogenesis of the diverticular
Please cite this article as: Wu Z et al., Effect of monthly vitamin D on div
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disease. For example, a retrospective cohort of 10,038 patients with
diverticular disease found lower 25(OH)D levels in patients who
required hospitalization (RR ¼ 0.49, 95%CI ¼ 0.38e0.62) [6]. Like-
wise, a national study of 226,522 non-elective hospital admissions
found a higher rate of diverticular disease hospitalizations in areas
with low ultraviolet light exposure [5], the major determinant of
vitamin D status. A potential pathophysiological mechanism of
vitamin D on diverticular disease hospitalisation is the decreased
expression of pro-inflammatory cytokines (e.g. IL-6, IL-8, TNF a,
CRP) from vitamin D [16].

The significantly reduced risk of diverticular disease hospitali-
zation from vitamin D supplementation observed in the pre-
specified subgroup with low 25(OH)D levels is consistent with
evidence from previous vitamin D trials. These have noted that the
beneficial effects of vitamin D supplementation (on other disease
outcomes) are mainly limited to people with vitamin D deficiency
[7]. However, in the current study, this subgroup had only 14
diverticular disease hospitalizations after randomization. We
acknowledge that the results could be due to chance and require
replication in other large RCTs.

Ethnic variations in hospitalization for gastrointestinal disor-
ders, including diverticular disease, were reported by previous
studies [17e20]. In these studies, diverticular disease hospital-
isation rates were highest in White and followed by Hispanics and
Asian/Pacific Islanders. The anatomical location of diverticular
disease has been reported to be predominantly in the right colon in
erticular disease hospitalization: Post-hoc analysis of a randomized
30



Table 2
Proportion of participants having a diverticular disease hospitalization during follow-up and hazard ratios adjusting for age, sex, and race/ethnicity.

Diverticular disease hospitalization (ICD-10 code ¼ K57) No. of events/No. of participants (%) Adjusted hazard ratio (95%CI), p

Vitamin D Placebo

All (n ¼ 5108) 35/2558 (1.4) 39/2550 (1.5) 0.90 (0.57, 1.42), 0.65
No history of DD (n ¼ 5065) 33/2533 (1.3) 34/2532 (1.3) 0.97 (0.60, 1.57), 0.91
25 (OH)D level < 50 nmol/L (n ¼ 1272) 1/613 (0.1) 13/659 (2.0) 0.08 (<0.01, 0.40), 0.02
No history of DD and 25(OH)D level < 50 nmol/L (n ¼ 1264) 1/609 (0.2) 11/655 (1.7) 0.09 (<0.01, 0.48), 0.03

DD, diverticular disease hospitalization; 25(OH)D, deseasonalized 25-hydroxyvitamin D levels; CI, confidence interval.

Fig. 2. Proportion with a diverticular disease hospitalization between vitamin D and placebo groups during the median of 3.3 years follow-up. (A: all participants; B: no history of
diverticular disease hospitalization participants; C: deseasonalized 25(OH)D levels < 50 nmol/L participants; D: deseasonalized 25(OH)D levels < 50 nmol/L and no history of
diverticular disease hospitalization participants).
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Asian countries, whereas it is predominantly in the left colon in
Western countries [21]. However, due to the small number of
participants with diverticular disease hospitalisations in our study,
although there was a trend for a higher proportion of diverticular
disease hospitalisation observed in M�aori (1.9%) and a lower pro-
portion in South Asian (0.6%) compared to European/Other
ethnicity (1.3%), we failed to confirm significant ethnic variations of
diverticular disease hospitalisation.

The strengths of this study include the community-based study
design, high retention (87%) and adherence (84%) rates [22], and
relatively long follow-up time (median 3.3 years); although, there
were insufficient numbers to analyze recurrent events (10/74).
Some limitations should be recognized in our study. First, as
diverticular disease hospitalisation was not a specified outcome in
the study protocol, and this will increase the likelihood of finding a
statistically significant result by chance alone, although this
outcome was predefined before analysis. Secondly, while the main
Please cite this article as: Wu Z et al., Effect of monthly vitamin D on div
controlled trial, Clinical Nutrition, https://doi.org/10.1016/j.clnu.2020.08.0
significant finding of this study was from a pre-specified analysis of
participants with 25(OH)D levels < 50 nmol/L, only a small pro-
portion (25%) of participants were included in the analysis, and
only 14 participants (1%) had diverticular disease hospitalizations
after randomization. Third, there were only 91 participants (1.8%)
with severe vitamin D deficiency (e.g. 25(OH)D levels < 25.0 nmol/
L), and this limited a further exploration of the effectiveness of
vitamin D in this subgroup in our study. It should be recognised that
the statistical power of the subgroup analysis was low, and we did
not subject the results to correction for multiple comparisons.
Therefore, we acknowledge that these findings may need to be
considered exploratory, and studies with larger sample size or
meta-analyses are required to replicate the vitamin D effectiveness
on diverticular disease for participants with low vitamin D levels.

In summary, we found that monthly 100,000 IU vitamin D3
supplementation does not reduce risk of diverticular disease hos-
pitalizations in the general population. Further RCTs or individual
erticular disease hospitalization: Post-hoc analysis of a randomized
30



Z. Wu et al. / Clinical Nutrition xxx (xxxx) xxx 5
participant data (IPD)-level meta-analysis of RCTs are required to
investigate the effect of vitamin D supplementation on diverticular
disease in participants with low 25(OH)D levels.
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