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Background: Some small secondary care studies have shown benefits from taking probiotics in diverticular disease. We investigated
the feasibility of conducting a year-long probiotic study in primary care.

Methods: Patients (n=21) with a past history of uncomplicated acute diverticulitis but not currently taking antibiotics were recruited

from four general practices. Subjects were asked to take the daily probiotic drink Yakult. Probiotic effects were assessed by comparing clinically diagnosed diverticulitis attacks in the 6 months prior to probiotic intervention with the 0-6 and 6-12 month periods after probiotic intervention commenced. Effects on gastrointestinal symptoms were assessed by validated questionnaires at baseline,
6 and 12 months. Diet diaries were also completed.

Results: Two thirds (14/21) of subjects who demonstrated good adherence in taking the daily probiotic improved symptomatically

(p=0.025). Clinical presentations with diverticulitis were down 50% during the study period compared with the 12 months period
before (7 vs 14 cases; p=0.021). The mean change in gastrointestinal symptom score improved significantly (p <0.001). Diverticulitis
episodes did not correlate with body mass index (BMI), diabetic status or dietary fibre.

Conclusions: Taking the daily probiotic was associated with a lower rate of clinical presentation with diverticulitis episodes and
improvement in gastrointestinal symptoms. Sufficient information is presented to design a definitive trial. However, we recommend

inclusion of a method to validate the diagnosis of diverticulitis. It is feasible to recruit and run a study that requires participants to
take a daily probiotic drink for a year in a primary care setting.
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Introduction

The risk of diverticulitis increases with age [1] and is a considerable burden of disease in the developed world [2]. Trials showing
benefits from a daily dose of a probiotic in subjects with a history
of diverticulitis have been carried out in hospital clinics but never
in a primary care setting. These trials have usually involved a com-

bination of a probiotic and another preventive [3-5]. One trial using

compared with the previous 6 months when no probiotic was taken. Secondary outcome measures were: (i) gastrointestinal symp-

tom scores at 0, 6 and 12 months, (ii) correlation between dietary

intake and symptoms. Previous trials listed in our introduction
suggest an open label trial of at least 20 probiotic naïve subjects
should produce useful results.

a single probiotic without a drug or antibiotic showed significant

Subjects and screening

Duration and probiotic strain appear to be critical in determin-

(CMR) that can be used for this type of trial [22]. Subjects were re-

benefits [6].

UK general practices have a list-based system, where patients

ing whether probiotic treatment has benefits [7]. A 12-week trial

cruited from four general practices in Surrey, UK. A list of subjects

showed no benefit from a daily probiotic [8] whereas a 12-month
trial showed definite benefits [5]. This also cancelled out any seasonal variation [9,10]. There is a need for a trial in prevention of acute
episodes of diverticulitis in a primary care setting, particularly as

patients with diverticulitis are interested in probiotics [11,12]. We

carried out this study to see whether it was feasible to administer
a daily dose of Yakult containing the probiotic strain Lactobacillus

register with one GP supported by computerised medical records

was generated from CMR searches for people with both confirmed
colonic diverticular disease and past prescriptions of antibiotics

commonly prescribed for UAD. With the patient present, their GP

records were explored to confirm that a diagnosis of acute diverticulitis had been made on at least one occasion.

Inclusion criteria: one or more UADs in the past 5 years; prov-

casei Shirota (LcS) for 12 months and to explore its impact on rate

en diverticular disease; agreement to collect and consume daily

ous trials that have shown its probiotic efficacy, including several in

start of trial; informed consent.

of clinical presentation of diverticulitis. Yakult® was chosen for its

good quality control and a long history of safe use as well as numergastrointestinal disorders [13-17, Supplementary Material].

Methods

The probiotic was supplied to participants free of charge at their
general practitioner (GP) surgeries. Potential confounding factors

include obesity [18], diabetes [19, 20] and dietary fibre [21], there-

fore participants were asked to complete 4-day diet diaries. This
open-label, uncontrolled study investigated whether patients pre-

viously diagnosed with uncomplicated acute diverticulitis (UAD)

might benefit from a 12-month probiotic intervention (2013-14).
Primary outcome was the number of episodes of diverticulitis dur-

ing the 0-6 and 6-12 month periods after LcS probiotic intervention

Yakult® for 12 months; able to keep a diet, symptom and medication diaries; no probiotic gap >1 week; age ≥ 40 and ≤ 75 years at

Exclusion criteria: Recent history of peptic ulcer; history of in-

flammatory bowel disease; chronic renal insufficiency; recent
major diverticulitis complications; any serious debilitating illness

(cancers, cardiovascular disease etc. but not diabetes mellitus); dementias or memory problems; immunosuppressed patients.

During screening, it was discovered that 33% of potential recruits
(n=22) had been taking a daily probiotic for more than 2 years

because they believed this helped control GIT symptoms. Five of
these subjects were monitored and assessed in a separate study
(Figure 1, Table 1).
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Actimel*

Actimel*

Dosage schedule

Number of subjects

1 bottle daily

2

1 bottle daily

& Activia yogurt

1 yoghurt daily

Lactobacillus acidophilus capsule

2-3 daily

& Benefiber
(wheat dextrins)

4 Gm daily

Yeo Valley
yoghurt
Total

1 daily

1

1
1
5

Each bottle of Actimel contains 10 billion Lactobacillus casei
DN-114001and smaller amounts of L bulgaricus and Streptococcus
thermophilus.


Each yoghurt contains unspecified amounts of Bifidobacterium

lactis DN 173 010/CNCM and smaller amounts of L bulgaricus and
Streptococcus thermophilus.

Each yoghurt contains a Bifidobacterium (species not specified)

and smaller amounts of L bulgaricus and Streptococcus thermophilus.

Table 1: Probiotics being taken by subjects in the DIY group.
Patients were seen and assessed by the principal investigator (PI)
at a booking-in clinic. After a full explanation of the study and with

their agreement to participate, suitable subjects were asked to read
and sign a consent form. General health, drug history and BMI were
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Participants were also asked to record details of their GIT symp-

toms and general health on monthly forms. These were returned
in a Freepost envelope together with Yakult® bottle tops. Partici-

pants were reviewed by the PI at 6 and 12 months. This involved
subjects attending a research clinic at the primary care premises;

if this was not possible then they were reviewed by telephone (Fig-

Participants were asked to complete validated diet diaries (30) at

the start of the study, after six months and at the end of the study.

Diaries were analysed for dietary fibre and other individual nutrients using Dietplan 6 (Forestfield Software Ltd).

The clinical event rate for diverticulitis was calculated for the 12

months and 6 months before starting LcS and during the 1-6 and
6-12 month periods taking daily LcS. Changes in these values were

tested for significance using the Wilcoxon matched pairs test. The
proportion of subjects that were free of diverticulitis in the same

three 6-month periods was estimated and McNemar’s test of paired
proportions was used to test for significance. Changes in the mean
GIT symptom scores recorded at start, 6 months and 12 months,

with 95% confidence limits, were calculated and the paired t-test

was used to assess the significance of any changes to these values.
For potential confounding factors, including HbA1c, BMI and a
range of nutrient intakes, the Pearson correlation coefficient was
calculated for correlations between these values and the diverticulitis attack rate and the GIT symptom score.

recorded. Blood samples were taken for HbA1c measurement, as

Results

Participants were helped to complete a validated gastrointestinal

Subject characteristics

high blood sugar may be an adverse confounding factor [19,20].

(GIT) symptom score questionnaire [23], which was repeated at 6

and 12 months. Over the period of the study, diverticulitis episodes
were tracked from the subjects’ clinical records. There was no rapid

access to imaging [24, 25], therefore diagnosis of diverticulitis was

based on the following clinical criteria which were agreed by all the
GPs in the participating primary care centres [26] and have been
shown to be accurate in at least 66% of cases [27]:
•

History of diverticulosis confirmed by investigation (usually

•

Temperature above 37°C (usually above 37.3°C) [27-29].

•
•

colonoscopy)

Low abdominal pain and persistent left iliac fossa tenderness

Records showed a history of an appropriate antibiotic prescription.

There were no significant reports of LcS side effects.
Out of a total of 67 potential subjects identified from GP records 41
(62%) were excluded from participation (Figure 1).
Demographic data

Gender male/
Married/

Age in years at start of study

8 (38.1%)

15 (71.4%)

64.4 (SD 7.5)

Body mass index [kg/m ]

26.6 (SD 5.4)

Diabetic at start of study

3 (14.3%)

Medical parameters

2

Mean HbA1c% at start of study

Diabetic and pre-diabetic at start of study
Cardiovascular conditions

5.5% (SD 0.50)
5 (23.8%)

14 (66.7%)
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Asthma and COPD

3 (14.3%)

Hypothyroidism

1 (4.8%)

Other GIT conditions

Arthritis and/or spinal disorders

6* (28.6%)
6 (28.6%)

5 had acid reflux and 1 had ill defined symptoms treated
with an anti-emetic

Table 2: Demographic and medical details of probiotic-naïve
subjects at start of project (n = 21).

Page 4 of 10

Table 2 summarises demographic and medical details of the group
of 21 probiotic-naïve subjects recruited between June and Novem-

ber 2013 and who agreed to take the LcS probiotic for 12 months.

Two switched to acidophilus capsules but were still included in this
group for analysis on the basis of intention to treat.

Most (67%, n=14) showed good adherence with taking the probiotic every day for 12 months, as assessed by the number of Yakult®

bottle tops returned. There were no losses or exclusions after recruitment.

DIY (Do-it-yourself) group were patients who had already decided of their own volition to purchase

1

a probiotic and had already been taking a daily dose for more than one year.
LcS: Lactobacillus casei Shirota probiotic

2

Figure 1: Recruitment flow diagram.
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Diverticulitis episodes
A total of 7 episodes of clinically diagnosed diverticulitis were recorded over 12 months. There were no diverticular complications
requiring secondary care.

Diver% free
Attacks of diverticulitis
from
ticulitis
free
diverticu- 1 epi2 episubjects
litis
sode
sodes

The 12 months period before starting
LcS*

8

38.1%

10

3

The 6 months period before starting
LcS

11

52.4%

10

0

0-12 months of LcS*

16

14

76.2%

4

1

0-6 months of LcS

6-12 months of LcS

19

90.5%

66.7%

2
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There was an increase in the proportion free of diverticulitis (Mc-

Nemar’s test p=0.008) for all LcS subjects (n=21) and for subjects
with good adherence (n=14; McNemar’s test: p=0.063). We estimated that this preventive effect could save the NHS approximately
£1,300,000/year (supplementary material).
Gastrointestinal symptoms

0

6

1

*Wilcoxon Matched Pairs test: p=0.021

Table 3a: Changes in attack rate for diverticulitis 2013-14 on the
basis of LcS intention to treat for probiotic naïve subjects (n = 21).

The 12 months
period before starting LcS
The 6 months period before starting
LcS
0-6 months of LcS

6-12 months of LcS

0-12 months of LcS


Diverticulitis
free
subjects

% free
from
diverticulitis

1 episode

2 episodes

5

23.8%

7

2

8

57.1%

6

0

10

71.4%

3

1

13
9

92.9%

64.3%

Attacks of
diverticulitis

1

4

Wilcoxon Matched Pairs test: p=0.025

0

1

Table 3b: Changes in attack rate for diverticulitis 2013-14 for
probiotic naïve LcS subjects with good compliance only (n = 14).

Figure 2: Proportion of subjects taking LcS (L casei Shirota)
probiotic, who were free of episodes of diverticulitis. A statistically
significant improvement from the first 6 month period compared
with the final 6 month period for all 21 LcS subjects and the 14
subjects showing good compliance in taking the daily probiotic
(p<0.01 for both).
There was an improvement in mean GIT symptom scores over the

12-month course of probiotic intervention (Figure 3): start score
25.8 (95% CI 20.4-31.2), 6 month score 19.6 (95% CI 14.4-24.8;

paired t-test: p=0.012), 12 month score 15.8 (95% CI 10.6-21.0;
p<0.001) and for subjects with good compliance (n=14): mean
start score 25 (95% CI 18.6-31.4), 6 month score 18.1 (95% CI 13.3-

22.9; p=0.027), 12 month score 14.7 (95% CI 10.9-19.2; p=0.002).
There was a mean change of -10.05 (i.e. an improvement) from
0-12 months (SD=10.47). The 14 LcS subjects with good adherence
exhibited a mean change of -10.29 (SD=9.79).

Tables 3a and 3b demonstrate a reduction in diverticulitis attacks
associated with the 12 months intervention (Wilcoxon Matched

Pairs test: p=0.021) and for the good adherence sub-group of 14
subjects (Wilcoxon Matched Pairs test: p=0.025).
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Daily intake of nutrients
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Bivariate correlations
Start
(n=21)

Delta tocopherol (mg/day)

Beta carotene (microgram/
day)
Fibre (Southgate method)
(mg/day)
Folate (microgram/day)

Potassium (mg/day)

Figure 3: Improvement in mean gastrointestinal symptoms (GIT
with 95% confidence intervals) observed in probiotic-naïve patients
with diverticulitis taking L. casei Shirota (LcS) 2013-14. Assessment
was based on Bovenschen gastrointestinal symptom scores (normal
range <8).
Diabetes, BMI and other chronic conditions as confounders
Three participants had diabetes at recruitment and two were prediabetic (HbA1c 6-6.49%). There was no statistically significant
correlation between HbA1c and diverticulitis attack rate in the last
12 months or GIT symptom score. BMI was also not associated with

attack rate or GIT symptom score. The commonest chronic condi-

Dietary fibre AOAC method
(gm/day)

Gamma tocopherol (mg/day)

6 Months 12 Month
(n=16)
(n=16)

-0.4

-0.57**

-0.53*

-0.33

-0.29

-0.56*

-0.42

-0.3

-0.49*

-0.43

-0.49*

-0.46*

-0.47*
-0.46*

-0.45

-0.2

-0.41
-0.45

Vitamin A (IU/day)

-0.46*

-0.37

-0.46*
-0.33

-0.51*

Available carbohydrate (gm/
day)

-0.41

-0.44*

-0.15

-0.31

-0.4

Non-starch polysaccharide
(mg/day)
Calcium (mg/day)

Omega 3 fatty acids (mg/
day)

Soluble non-cellulose (gm/
day)
Magnesium (mg/day)
Vitamin B6 (mg/day)

-0.45*
-0.41

-0.39
-0.43

-0.33

-0.35

-0.38

-0.32

-0.32

-0.4

-0.27
-0.39
-0.17

-0.07
-0.47
-0.26

0.26

tion under treatment was cardiovascular disease but there was no

Beta tocopherol (mg/day)

-0.39

-0.035

-0.004

Effect of diet on risk of diverticulitis and on GIT symptom
score

Zinc (mg/day)

-0.34

-0.27

-0.07

correlation between this and diverticulitis or GIT symptom score
(supplementary material).

Only 57.7% of all participants completed all their diet diaries.
There was no correlation between nutrient intakes and frequency
of diverticulitis episodes. Correlation data are summarised in Table
4. There were statistically significant negative Pearson correlation

coefficients between GIT symptom scores and dietary fibre (South-

gate method r= -0.56; AOAC method r= -0.46) and several other nutrients. However, using repeated measures of ANOVAs with LcS as
a factor and each dietary variable as a covariate to model GIT symp-

tom scores revealed no statistically significant dietary variables,

with the exception of delta-tocopherol (p=0.008, fitted parameter
-20.45, indicating a drop of 20.45 points on the GIT symptoms scale

Alpha tocopherol (gm/day)
Cellulose (gm/day)

Vitamin D (microgram/day)

-0.37

-0.26
0.12

Total vitamin E (mg/day)

-0.28

Vitamin C (gm/day)

-0.03

Selenium (microgram/day)
Protein intake/Kg weight
(gm/day)
Fructose (gm/day)

**0.01 > p >= 0.001

-0.26
-0.24
-0.21

-0.32
-0.3

0.02

-0.16

-0.32
-0.4

0.32
0.08

-0.01

-0.24

-0.05

-0.25

-0.17
-0.15

-0.08
-0.19

*0.05 > p >= 0.01

Table 4: Correlations between GIT symptom
scores and nutrient intakes.

for every increase of 1 point in delta-tocopherol).
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Participants’ feedback on probiotic intervention
This reflected that LcS intervention had resulted in fewer diverticulitis attacks and helped to control their GIT symptoms; 58%

felt they had benefitted from the 12-month probiotic course and
intended to continue taking a daily probiotic. Two more expressed
a wish to do so but could not afford it.

Discussion

Our results suggest that it is feasible to conduct a 12-month study
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power=80%, a minimum of 49 subjects per treatment group would

need to be recruited for any future placebo versus probiotic RCT.
Therefore, allowing for 33.3% dropouts, a definitive study would require 148 recruits. Evidence suggests that 2/3 of episodes of UAD can

be accurately diagnosed on purely clinical grounds by an experienced
GP [25]. However, ultrasound provides the gold standard for future
research and we would recommend its inclusion in future trials [27].

Conclusions

on the use of probiotics in diverticular disease. The effect of a

Although underpowered to determine confounders, the study

our study does not prove a causal link. Symptom improvement and

tested in a definitive trial.

daily dose of LcS in preventing diverticulitis was associated with

a change in presentation and lower GIT symptom scores. However,

showed the feasibility of taking a simple, commercially available,
daily probiotic for prevention of diverticulitis. This effect should be

the changes to presentation rate could be a placebo effect.

Declarations

salamine against placebo [8] and Tursi et al. tested Lactobacillus

approved by the ethical committees of Surrey NHS (REC Refer-

Stollman et al. tested Bifidobacterium infantis combined with me-

casei subspecies DG24 against placebo [5]. When compared with
the active (probiotic) intervention, the Stollman trial showed a

marked placebo effect whilst the Tursi trial did not. This may be

because the Stollman trial only administered their probiotic for 3
months whereas Tursi et al. administered their probiotic for a full

12 months. Recruitment from primary care has the advantage that
most UAD occurs in the primary care setting. In the present trial,

subjects were recruited up to the age of 75 years because complet-

ing feedback forms and diet diaries is a demanding task for older
patients. A future trial could include patients aged >75 years if a

simple food frequency questionnaire could be used. Some form of
dietary monitoring is necessary due to potential confounding factors [18-21, 31].

Another complicating factor is that diverticulitis overlaps with ir-

ritable bowel syndrome (IBS) and both are causally linked to low

dietary fibre [32]. Several participants reported symptoms of food
intolerance that sounded more like IBS than diverticulitis. At the
end of the study, four participants who seemed to have IBS were

referred back to their GP with the recommendation that they see

Ethics approval and consent to participate: The protocol was

ence 12/LO/1363) and the University of Surrey (REC Reference
EC/2012/141/FHMS). LACTOPRoD was registered at ClinicalTrials.gov: NCT01609751 in 2012. All participants were fully informed

of the details of the trial with a fact sheet posted before attendance
at the research clinic. At first attendance they were asked to read
and sign a consent form, which was countersigned by the PI.

Consent for publication: Not applicable.

Transparency Declaration

As the lead author, I affirm that this manuscript is an honest, ac-

curate, and transparent account of the study being reported. The

reporting of this work is compliant with STROBE2 guidelines. I
affirm that no important aspects of the study have been omitted

and thttps://figshare.com/hat any discrepancies from the study as
planned (ClinicalTrials.gov) have been explained. The raw data for
this study is available at Fig share: https://figshare.com/
Supplementary material

Formulation of Yakult light

a dietician. In view of these observations and evidence of probi-

•

A minimum of 6.5 billion live cells of L. casei Shirota (LcS)

disease and IBS at recruitment. This study is pertinent to NHS costs

•

Protein 1 Gm

otic benefit for management of IBS symptoms [33-35], it is recommended that any future trial should include screening out of coeliac
and antibiotic policy [36, 37].

Power calculations indicated that in order to detect a decrease of
25% in diverticulitis attack rate (Table 2a), with size = 5% and

•
•
•
•

Sodium 15 mg

Carbohydrate 6 Gm (4 Gm sugars)
Dietary fibre 1 Gm.

Yakult Light is sweetened with Reb A, which is extracted from
the Stevia leaf
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Estimation of potential savings to NHS from a probiotic strategy
No probiotic (6 m before trial) 10 episodes UAD per 21 participants

			
			

6-12 m (2nd half of trial 12m)

pants

= 0.476/6m

= 0.952/12m

2 episodes UAD per 21 partici-

					
					
Therefore

Reduction in annual attack rate

					

= 0.095/6m

= 0.190/12m

= 0.952-0.190/year
= 0.762/year

Nichols & Thomas survey of diverticular disease in primary care

in a population of 26,536 (3 primary care units in semi-rural UK):
estimated one patient per 100 would have one or more attacks of
diverticulitis over a period of 10 years*. From this, it can be estimated that, over a period of 12 months in a GP practice with a list of

10,000 patients, 5-10 patients would be expected to present with

one or more attacks of diverticulitis requiring a course of antibiotics.

Therefore

Estimated reduction in attack rate would be between (5x0.762) to
(10x0.762) /year = 3.81-7.62/year
≅ 5.7/year

UK population 2014 = 64.1 million = 64100000

Expressed in terms of primary care units each of 10,000 patients

Number of UK standard primary care units =64100000÷10000
=6410

Therefore

Number of episodes of UAD prevented/year = 6410x5.7 =36537

Cost of 5 day course of Amoxicillin 250 mg 3 times daily and Metronidazole 400 mg 3 times daily

					
Therefore

= £3.20

Estimated national savings from probiotic prevention of UAD
= £3.20 x 36537/year

+ 36357 GP consultations @£32 each = £1286102/year

Nichols J, Thomas L (2010). Proceedings of the Nutrition
Society;69 (OCE1), E109. doi:10.1017/S0029665109992977.
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Medical history of patients and current medications

Influence of chronic medical conditions and their medication
All 21 participants were taking some medication for chronic conditions. Table 1 summarises the conditions recorded. However, there

was considerable overlap with 6 participants on medication for
two different chronic conditions and 7 on medication for three different conditions.

Cardiovascular disease

14

Arthritis and/or spinal disease

4

Type 2 diabetes mellitus

Asthma and chronic obstructive pulmonary disease
Urinary tract symptoms

Hiatus hernia and/or reflux oesophagitis
Dyspepsia

Hypothyroidism

Urticarial skin eruptions and allergic conjunctivitis
Osteoporosis

3
3
2
1
2
6
1
1

Table 1: Summary of chronic conditions requiring medication.

Drug regimens for participants are listed in table 2. There was no
significant correlation between any of the long term chronic conditions and symptom score but the numbers were small and the

sample size was underpowered for showing any significant correlations.
1

Qvar inhaler and salbutamol inhaler

3

Aspirin, atenolol, atorvastatin, alfusozin, dutasteride, allopurinol and OTC antacids

2
4
5
6
7
8
9
10
11

Clopidogrel, atorvastatin, azetimibe, alphosyl shampoo and perindopril
Gliclazide, losartan and ramapril
Ramapril and simvastatin
No current drug therapy

Warfarin, methotrexate, folic acid, Calcichew D3,
risedronate, sotalol and atorvastatin

Celecoxib, sulphasalazine, co-codamol, femoston
conti, eumovate cream, citalopram

Betamethasone inhaler, fexofenadine, mometasone
nasal spray, cromoglycate eyedrops, aspirin, bisoprolol, omeprazole and ruvastatin
Metformin, atorvastatin, Lansoprazole, naproxen
(as needed) and quinine bisulphate (as needed)

Simvastatin, co-codamol, naproxen and omeprazole
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Gliclazide, metformin, allopurinol, tamsulosin, amlodipine, atorvastatin and omeprazole

7.

14

Omeprazole, bendroflumethioazole, valsartan,
simvastatin, aspirin

8.

13
15
16
17
18
19
20
21

Aeretide inhaler, aspirin, sodium cromoglycate
eyedrops, looratadine and prednisolone

Domperidone, omeprazole, atorvastatin, bisoprolol,
clopidogrel and furosemide
Salbutamol inhaler, Seretide inhaler
Ibuprofen (occasionally as needed)

Ranitidine, bisoprolol, clopidogrel and paracetomol
Telmisartan

Tamsulosin, perindopril, aspirin and lansoprazole

Salbutamol inhaler, symbicort inhaler, spireva inhaler, theophylline, furosemine, omeprazole, zolpidem,
loratidine, and gaviscon
Table 2: Drug regimens for each participant.
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