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Abstract

Background Diverticular disease is a significant burden on

healthcare systems that is managed, surgically or medi-

cally, mainly as an emergency or acute condition. There

are no standardized treatment recommendations for

symptomatic uncomplicated disease. We hypothesized that

a probiotic would reduce abdominal pain in such patients.

Methods We conducted a single-center, double-blind,

placebo-controlled trial of probiotic treatment (Symprove)

in adult patients with moderate-to-severe chronic, non-

acute symptomatic diverticular disease. 143 patients were

randomized to receive 1 mL/kg/day of probiotic liquid

(N = 72) or placebo (N = 71) daily for 3 months. The

primary endpoint was abdominal pain severity. Secondary

endpoints consisted of the change in the frequency of eight

abdominal symptoms and the level of intestinal inflam-

mation (fecal calprotectin).

Results 120 patients completed the trial. Abdominal pain

score, the primary end point, decreased in both groups, but

no significant difference between the groups was found

(P = 0.11). In relation to placebo, the probiotic signifi-

cantly decreased the frequency of four of the eight

secondary endpoints: constipation, diarrhea, mucorrhea,

and back pain (P\ 0.04). No significant differences were

found in frequency of abdominal pain, PR bleeding, dys-

uria, and bloating.

Conclusions Multi-strain liquid probiotic did not improve

abdominal pain scores significantly, but significantly

improved the frequency of four other symptoms associated

with chronic, non-acute symptomatic diverticular disease.
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Introduction

Diverticular disease accounts for 2.6 million visits to out-

patient clinics per year in the United States (Peery et al.

2012). About 60% of people over 60 have colonic diver-

ticula, and some 25% of these will develop abdominal

symptoms (Hobson and Roberts 2004; Wolff and Boostrom

2012). The development of diverticula is traditionally

linked to a low-fiber diet, with acute diverticulitis, with

peri-colonic inflammation, caused by poorly understood

sequence of events (Painter and Burkitt 1971). Acute

diverticulitis is divided into complicated and uncompli-

cated. Complicated diverticulitis is often treated with

surgery or drainage of abscesses, while uncomplicated

diverticulitis is managed empirically with antibiotics,

intravenous fluids, and a low residue diet. There is little

guidance on whether patients with diverticulitis require

follow-up or other treatment and the current focus of

interest is on whether there is a risk of recurrent attack of

diverticulitis (estimated between 15 and 35% over 5 years).

The risk of developing complications during repeat attacks

and requiring surgery is much lower (about 5%). Accord-

ingly, the Association of Coloproctology of Great Britain

and Ireland, the American Society of Colon and Rectal

Surgeons, and other professional bodies have removed
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earlier guidance on elective surgery after two attacks and

recommend individualized management of patients.

However, there is far greater number of patients that

have chronic symptoms associated with diverticulosis, so-

called symptomatic uncomplicated diverticular disease

(SUDD). Such elderly patients have previously been con-

sidered in the context of irritable bowel syndrome (IBS)

(Spiller 2012). However, this is somewhat problematic as

the colon is morphologically and functionally abnormal in

diverticular disease and the symptoms may follow an epi-

sode of well-documented diverticulitis. Indeed, it is

suggested that the symptoms of SUDD following an epi-

sode of diverticulitis represent a distinct nosologic entity

termed post-diverticulitis IBS (Cohen et al. 2013; Yamada

et al. 2014; Spiller 2014), which has similarities with post-

infectious IBS (Dai and Jiang 2012; Schwille-Kiuntke et al.

2011; Marshall et al. 2007; Marshall et al. 2010), although

the conditions stand apart. The similarities of symptoms in

IBS, post-infectious IBS, and SUDD suggest the potential

of common therapeutic manipulations either by medication

or by probiotics (Wolff and Boostrom 2012; Daniels et al.

2014; Hall 2014). There is accumulating evidence to

implicate low-grade inflammation and alterations of the gut

microbiome in the pathogenesis of the IBS like symptoms

of SUDD (Daniels et al. 2014; Hall 2014). Probiotics are,

therefore, emerging as a potential treatment strategy for

SUDD, as they may alter the gut microbiome. Previous

studies have focused on the role of probiotics (when given

with mesalazine) in preventing a repeat attack of diverti-

culitis rather than symptomatic treatment (Tursi et al. 2013;

Stollman et al. 2013).

Symprove is a liquid multi-strain probiotic that has been

beneficial in reducing symptom scores in patients with

classic IBS (Sisson et al. 2014). We performed a ran-

domized, double-blind, placebo-controlled trial to assess

the ability of Symprove to reduce abdominal pain and other

symptoms in elderly patients with SUDD. The null

hypothesis tested throughout is that of no difference

between the groups receiving Symprove or placebo over 3

months, in terms of the average abdominal pain scores,

level of inflammatory markers, and other related symptoms

as well as diverticulitis-episode-free time.

Methods

Study design

This was a single-center, double-blind, placebo-controlled

trial of a 3-month probiotic treatment (Symprove) in adult

patients with moderate-to-severe chronic, non-acute

symptomatic diverticular disease. Patients attending a

dedicated Diverticular Disease Clinic at King’s College

Hospital [a tertiary referral hospital in south London

(Tibble et al. 2001) that specializes in the management of

moderately-to-severe diverticular disease], from April

2013 to October 2014, were approached to participate.

We enrolled consecutive patients presenting with per-

sistent abdominal symptoms (of at least 3-month duration)

with an established diagnosis of uncomplicated diverticu-

losis (diagnosis of diverticulosis established by

colonoscopy and/or CT scan, with or without raised

inflammatory markers, and without a past diagnosis of

IBS). Patients who had surgery for diverticulitis or its

attendant complications, patients with right sided diverti-

culitis, and those with predominant bleeding symptoms

were excluded. Similarly excluded were patients with

complicated diverticulitis (phlegmon, perforation, absces-

ses, fistula, bleeding, etc.), those with co-existing

inflammatory bowel or other chronic gastrointestinal dis-

ease, as well as patients with severe neurologic,

psychiatric, musculoskeletal, respiratory, renal, cardiac,

and neurologic diseases. Patients with substance misuse

were also excluded as were women at risk of pregnancy.

Demographic and clinical data were recorded for each

patient. Following an informed written consent to partici-

pate in the study and randomization (performed with a

computerized protocol provided by the Department of

Pharmacy, King’s College Hospital), patients were asked to

attend the clinic every 4 weeks for 4 months, to return their

symptom-based questionnaires as well as to receive sup-

plies of their study medication. All data were collected and

double entered into a customized database created for the

study (EpiInfo, version 3.3.2). Duplicate databases were

compared electronically and discrepancies resolved from

the primary source.

Study medication and administration

Symprove (Symprove Ltd, Farnham, Surrey, UK) contains

four strains of bacteria with a total of 109 colony forming

units: (Lactobacillus rhamnosus NCIMB 30174, Lacto-

bacillus plantarum NCIMB 30173, Lactobacillus

acidophilus NCIMB 30175, and Enterococcus faecium

NCIMB 30176) in a water-based suspension of barley

extract. The placebo was an identical liquid in appearance

and taste, containing distilled water (99.22%), mango and

passion fruit natural flavour (0.50%), ascorbic acid

(0.26%), and beta-carotene (0.02%) (Sisson et al. 2014).

The placebo and probiotic were packaged in identical

sealed boxes, identified by a trial batch/code number only.

Validation of strains was performed by King’s College

London (Ken Bruce, personal communication). Patients

were instructed to keep study medication refrigerated (be-

tween 2 and 7 �C) throughout the study and to self-
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administer 1 mL/kg each morning on an empty stomach,

with breakfast, if desired, no less than 10 min later.

Laboratory testing

Patients submitted a stool sample prior to initiating treat-

ment and again at treatment completion, allowing for

quantification of intestinal inflammation with fecal cal-

protectin. Fecal calprotectin testing was performed as per

previous standardized description (Tibble et al. 2001) using

an enzyme-linked immunosorbent assay (ELISA) from

Bühlmann (EK-CAL, Bühlmann AG, Switzerland). Cal-

protectin results are expressed as ug/g feces. Intra-assay

precision in the range 52.5–1246 ug/g has a coefficient of

variation of 2.7–8.1%, while inter-assay precision is

6.6–14.5% in the range 18.1–1764 ug/g. The limit of

detection of the calprotectin method was 10 lg/g. As these
values were not normally distributed (Shapiro–Wilk test

P\ 0.0001), patient results were log normalized for

analysis.

Patients also underwent baseline hematology and

chemistry profiling, including estimated glomerular filtra-

tion rate (eGFR) using ADVIA analysers from Siemens

Diagnostics (2120 for haematology and 2400 for chem-

istry, Siemens Diagnostics, Frimley, Surrey, UK). As

eGFR values were skewed, values trichotomized into nor-

mal (at least 85 mL/min), mild impairment (70–84 mL/

min), and moderate impairment (less than 70 mL/min)

(Lab tests online 2015).

In this paper, we present only the complete case anal-

ysis, which is appropriate given that the ‘‘missingness’’ of

outcome at time 3 was shown to be independent from any

covariates and measures of the primary outcome at the

previous times.

Primary endpoint

The primary endpoint was the severity of the abdominal

pain experienced and it was measured longitudinally

through the study. Patients scored this outcome four times

during the trial: prior to treatment initiation, and 1, 2, and 3

months thereafter. Each time, seven consecutive days were

assessed on a five-point scale (0—no pain, 1—mild dis-

comfort, 2—mild pain, 3—moderate pain, and 4—severe

pain) yielding a continuous score ranging from 0 to 28. A

logarithmic transformation or categorization of this out-

come was envisaged in case of a highly skewed

distribution.

Secondary endpoints

Secondary endpoints were eight symptoms, common in

patients with diverticular disease: abdominal pain,

constipation, diarrhea, PR bleeding, mucorrhea, dysuria,

back pain, and bloating. These symptoms were recorded as

an ordinal score indicating the frequency of the symptom,

from never to constantly (0—never; 1—once per month;

2—a few times per month; 3—a few times per week; 4—a

few times per day; 5—a few times per hour; and 6—con-

stantly). A dichotomization of these outcomes into ‘‘high

(daily) frequency’’ (a few times per day, per hour, or

constant symptoms) and ‘‘sporadic frequency’’ (never,

once, a few times per month, or a few times per week) was

envisaged in the case of highly skewed distributions.

The changes in fecal calprotectin and occurrence of

episodes of diverticulitis were also assessed during the

trial. The diagnosis of acute diverticulitis was made by

clinicians independent of the study team (during an urgent

attendance to their general physician, accident or emer-

gency departments, or admission to hospital) and made

clinically based on symptoms and examination and ele-

vated inflammatory markers (ESR and/or CRP).

Statistical analysis plan

Balance of groups in all baseline patient characteristics

were examined using univariate tests: two-sample t- or

Mann–Whitney test for the continuous outcomes, Pearson

Chi square for categorical outcomes, and Chi square for

linear trends for ordered categorical outcomes. For the

main analysis, mixed effect repeated measures (multilevel)

modelling was used for the primary and secondary out-

comes, to account for the four repeated measures (0, 1, 2,

and 3 months) performed in these longitudinal study.

The two treatment groups were further compared in

terms of the baseline-to-month 3 changes in the continuous

outcomes, using analysis of covariance, to adjust for

baseline level, with multivariate models (linear, ordinal, or

logistic regressions as appropriate) used to adjust for the

effects of potential confounders. Kaplan–Meier analyses

were used to compare occurrence of acute diverticulitis

between groups during the trial. Analysis was performed

on an intention-to-treat basis. The complete case analysis is

followed by an assessment of the impact of any missing

data.

The sample size calculation was based on preliminary

measurements: the baseline mean abdominal pain severity

(primary endpoint) was estimated as 9, with a standard

deviation of 3.5. It was predicted that, after 3 months, a

mean decrease would be observed in the probiotic group,

with a means of 2 and 0 in the probiotic and placebo

groups, respectively, and a standard deviation of 3.5.

Assuming an allocation ratio of 1:1, to guarantee 80%

power to detect an effect size of 0.57 (mean difference of 2

with standard deviation of 3.5) for the abdominal pain

severity between probiotic and placebo, a total effective
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sample size of 100 was required. Anticipating a drop-out

rate of 20%, we needed to enroll 125 patients. Random-

ization was performed with a two-staged computerized

protocol provided by the Department of Pharmacy, King’s

College Hospital.

Approval

The study was funded by King’s College Hospital NHS

Trust, London, in part via an unrestricted research grant

from Symprove Ltd. This trial is registered with Clinical-

trials.gov, number NCT02115867 and with the King’s

College Hospital Research Ethics Committee for London-

Riverside, reference 12/LO/1695.

Results

193 patients met the eligibility for the clinical trial, with 143

patients ultimately consenting and undergoing randomization

(Fig. 1) (Moher and Schulz 2001). Of the 143 patients

randomized, 120 patients completed the trial. Of the 23 patients

who did not complete the trial, four were lost to follow-up, ten

experienced an adverse event, eight patients were unable to

complete the trial due to life circumstances not related to the

trial, and one patient was unblinded following hospitalization

with acute diverticulitis. Fifteen patients on probiotic and eight

patients on placebo (P = 0.10) did not complete the trial.

Table 1 shows that a total of 25 patients experienced 28

adverse events, 15 were on the probiotic, and 13 on placebo

(Chi-square test, P = 0.64), 10 of which resulted in with-

drawal of the trial: 8 were on the probiotic and 2 on

placebo (Fisher’s exact test, P = 0.27). Patients complet-

ing the trial had nearly uniformly high treatment

compliance, with 89% of patients taking at least 95% of

recommended doses, while patients who discontinued

therapy missed a median of 65% of doses (IQR 54–70).

Baseline characteristics

Table 2 shows the demographic details of the patients. The

vast majority of patients 87% had abdominal pain and only

Fig. 1 Study flowchart. The

flow chart outlines the

derivation of the final study

sample
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2% reported normal bowel habits. The majority of patients

(73.4%) had never been exposed to probiotics or probiotic

yogurts prior to enrolling in the trial.

91 patients (64%) had a prior episode of acute divertic-

ulitis, while 52 patients (36%) had de novo symptomatic

diverticular disease without a documented acute episode of

diverticulitis, with no difference between groups (P[ 0.30).

With the exception of eGFR, the two groups were well bal-

anced for all demographic and clinical characteristics. Due to

the eGFR imbalance, the effect of this variable was explored

for all the models and, when necessary, adjusted for.

Primary outcome: abdominal pain severity

For the primary outcome, the baseline total pain score

ranged from 0 to 22 and had a mean of 9.5 (SD = 7.7) in

the probiotic group; it ranged from 0 to 28 with a mean of

7.5 (SD = 7.0) in the placebo group. Although the mean in

the probiotic group was slightly higher, no significant dif-

ference in baseline abdominal pain severity between the

two arms of the trial was found (mean difference = 2; 95%

CI -0.62 to 4.6; P = 0.13).

Abdominal pain severity was first analyzed in terms of

the sum of the seven daily scores, yielding a continuous

outcome ranging from 0 to 28, with larger values indicating

worse abdominal pain. Using a multilevel linear regression

on this outcome, controlling for eGFR, a significant

decrease across time was found (P\ 0.001). This reduc-

tion appeared gradually, seen only at the second and third

months; no significant reduction was found between the

first and second months (P = 0.72). The reduction in mean

pain severity from baseline was 1.6 (Coef = -1.63; 95%

CI -2.6 to -0.62; P\ 0.002) at month 2 and 2.7

(Coef = -2.7; 95% CI -3.7 to -1.6; P\ 0.001) at month

3. The time-by-treatment interaction was found to be non-

significant (P = 0.18) indicating that the reduction over

time was similar in the probiotic and placebo groups.

The mean change of total abdominal pain in the probi-

otic group from baseline 9.5 (SD = 7.7; range 0–28;

N = 62) to 3 months to 5.9 (SD = 6.8; range 0–24;

N = 49), based on the corresponding paired data, was 3.2

(SD = 5.8; range -14 to 20; N = 47). The mean total

abdominal pain for the placebo group was 7.5 (SD = 7.0;

range 0–22; N = 62) at baseline and 6.2 (SD = 6.5; range

0–23; N = 55) at 3 months. The mean reduction after 3

months, based on the corresponding paired data for the

placebo group, was 2.2 (SD = 4.7; range -8 to 14;

N = 53). On a multivariate linear regression that controlled

for the baseline value and eGFR category, the mean dif-

ference between probiotic and placebo in terms of the

reduction at 3 months was found to be -0.54 (95% CI

-2.4 to 1.3; P = 0.56). This difference was found to be

non-significant. It is important to note that the primary

outcome abdominal pain severity was somewhat skewed,

and for this reason, the model was also fit to the logarith-

mic transformation of the main outcome; the results were

consistent.

Maximum abdominal pain during the weeks

of assessment

Abdominal pain severity was summarized in terms of the

maximum pain reported over the daily scores of the cor-

responding week, yielding an ordinal outcome with

categories 0 (best) to 4 (worst). Summarizing the outcome

with the maximum of 7 days offers a natural way to avoid

imputing missing data for which one has to make

assumptions that are often unjustified. In addition, it avoids

the distributional problems that are encountered with the

continuous form of the outcome. We analyzed this ordinal

outcome in two ways: the first one, using an ordinal logistic

regression for the outcome with the five levels (0– 4), as

defined and the second one, using a binary logistic

regression for the dichotomization 0–2 vs 3–4.

Using an ordinal logistic regression on the outcome with

five levels (0–4), we found that the odds of a worse level

for the maximum pain reported over the week decreased in

50% between baseline and month 3. This reduction over

Table 1 Adverse events experienced during the trial

Symptom A/E on

probiotica
Resulted in

withdraw

A/E on

placebo

Resulted in

withdraw

Constipation 2 1 1 0

Abdominal

cramps/pain

0 0 3 2

Rectal bleeding 0 0 2 0

Exacerbation

hypertension

0 0 1 0

Urinary tract

infection

0 0 1 0

Bloating 0 0 2 0

Hair loss 0 0 1 0

Facial flushing 0 0 1 0

Diarrhoea 1 0 1 0

Nausea 3 3 0 0

Vomiting 1 1 0 0

Reflux/

dyspepsia

3 3 0 0

Halitosis 1 0 0 0

Dizzy/weak 2 0 0 0

Vaginal

discharge

1 0 0 0

Back pain 1 0 0 0

A/E adverse event
a 25 patients experienced a total of 28 adverse events
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time was found to be statistically significant (OR = 0.50;

95% CI 0.31–0.81; P = 0.004), although a non-significant

time-by-treatment interaction indicated that this time effect

was similar for both treatment groups (OR = 1.3; 95%

0.82–2.1; P = 0.25). Using a logistic regression that

modelled the likelihood of a high level for the maximum

pain reported (e.g., maximum = 3 or 4), the odds of high

level were about half for the probiotic group in relation to

placebo, but this difference did not reach statistical sig-

nificance (OR = 0.49; 95% CI 0.15–1.6; P = 0.22).

The missing data observed in the principal outcome in

our study followed a monotonic pattern, in the sense that

were due to patients withdrawing from the study at some

point. The exception was only for three patients: one with

missing values for 3 days in month 1, another with missing

values for the last 4 days in month 2 and one with a

missing day in month 3. Using a logistic regression model,

the ‘‘missingness’’ of outcome at time 3 was shown to be

independent from any covariates and measures of the pri-

mary outcome at the previous times. Supplementary

analysis of the main outcome inputting missing data was

consistent with the complete case analysis. To assess the

effect of missing data, a sensitivity analysis was conducted

in which the study sample was augmented to have com-

plete data at month 3 for a total of 111 patients per group.

An effective sample size of 111 would have been required

if a standard deviation of 5.3 (our pooled standard devia-

tion for the baseline to month 3 changes) had been

assumed. The additional data were simulated under the

hypothesis of no treatment difference for the placebo group

and a mean reduction of 2 for the probiotic group (e.g.,

giving an advantage to the probiotic), and nevertheless, the

result was consistent with that obtained in the actual study.

Even giving such an advantage to the probiotic, the addi-

tional patients did not reverse the finding of no significant

treatment difference (Coeff = -0.30; 95% CI -2.0 to 1.4;

P = 0.73) in the augmented sample. In addition, it should

be observed that the maximum abdominal pain, which

provided the added advantage of utilizing weekly data in

the presence of missing days, did not reach statistical sig-

nificance for treatment difference, consistent with the

analysis of the total abdominal pain.

Secondary outcomes

Symptom scores

The complete case analysis of the eight abdominal symp-

toms is presented in Table 3 (for the ordinal scores) and

Table 4 (for the dichotomization indicating whether the

abdominal symptom presented with a high (at least daily)

or a sporadic frequency). The baseline summaries, overall

and per treatment group, for the corresponding outcome are

presented on the left portion of each table.

The linear regressions modeling the (baseline to month

3) reduction in the ordinal scores for the eight abdominal

symptoms, adjusting for the corresponding symptom score,

and the eGFR at baseline (Table 3) showed a significant

advantage for the probiotic in terms of back pain (co-

eff = 0.71; 95% CI 0.001–1.38; P = 0.04). The mixed

logistic regressions modelling the likelihood of experi-

encing a high (at least daily) frequency in the abdominal

symptoms, adjusting for the time effect and the baseline

eGFR (Table 4), also showed a significant advantage for

the probiotic in terms of back pain (OR = 0.33; 95% CI

Table 2 Patient baseline characteristics

Probiotic N = 71 Placebo N = 72

Age (years) 60 (52–72) 63.5 (54–72.5)

Gender: male 25 (55.6) 20 (44.4)

BMIa 27.7 (24.6–31.9) 29.5 (25.1–32.3)

Ethnicity

White 46 (51.7) 43 (48.3)

Black 21 (50.0) 21 (50.0)

Other 4 (33.3) 8 (66.7)

ASA physical status

I (no significant co-morbidity) 21 (51.2) 20 (48.8)

II (mild co-morbidity) 39 (47.5) 43 (52.4)

lIII (severe co-morbidity) 11 (55.0) 9 (45.0)

Previous probiotic use

No previous probiotics 50 (47.6) 55 (52.4)

Probiotics, including yogurtb 14 (48.3) 15 (51.7)

Bowel habits

Normal 3 (100) 0

Bloating only 6 (60.0) 4 (40.0)

Constipation predominant 16 (47.1) 18 (52.9)

Loose stool predominant 20 (46.5) 23 (53.5)

Mixed stool 26 (49.1) 27 (50.9)

Location of diverticula

Left-sided disease 58 (50.0) 58 (50.0)

Pan disease 11 (47.8) 12 (52.2)

Laboratory values

Fecal calprotectina 36 (21–111) 46 (22–125)

eGFRa 86 (76–90) 78 (63–90)

CRPa 0 (0–5.8) 2.1 (0–6.4)

Values represent total number of patients number of patients (% or

ranges)

ASA American society of anesthesiologists, BMI body mass index,

CRP C-reactive protein, eGFR estimated glomerular filtration rate
a Median (IQR)
b Last dose at least a month before commencing the trial
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0.11–0.99; P = 0.047). A significant time-by-treatment

interaction was detected (P = 0.07), and on further

inspection, a significant increase in high (at least daily)

frequency of back pain over time was found in the placebo

group (P = 0.003), not in the probiotic group (P = 0.46).

The advantage of Symprove over placebo is not significant

at month 1 (P = 0.14); it emerges at month 2 (OR = 0.31;

95% CI 0.10–0.99; P = 0.045) and is maintained to the

end of the study period.

Although the mean reductions in constipation and

mucorrohea were not statistically significant (Table 3),

taking into account that the study was not powered for the

secondary outcomes, an advantage for Symprove may be

suggested in terms of these two abdominal symptoms given

that, on the one hand, the odds of high (at least daily)

frequency in constipation are significantly less for the

probiotic (Table 4). The odds ratio is 0.36 (95% CI

0.13–1.02; P = 0.05). This significant advantage for

Symprove emerges at month 1 (P = 0.01), is seen at month

2 (P = 0.046), and maintained to the end of the study

period. On the other hand, in terms of mucorrohea, the

mean score reduction is larger for Symprove and its con-

fidence interval lies mostly on the positive axis

(coeff = 0.46; 95% CI -0.11 to 1.04; P = 0.11). Like-

wise, the odds of at least daily frequency in the mucorrohea

symptom are less for the probiotic and its 95% confidence

interval lies mostly to the left of 1 (OR = 0.39; 95%

0.14–1.07; P = 0.07) suggesting a borderline significance.

This borderline advantage for Symprove is seen at month 1

(P = 0.6), and maintained to the end of the study period.

No significant effect of Symprove was found in terms of

abdominal pain (P = 0.28), diarrhea (P = 0.09), bloating

(P = 0.33), rectal bleeding (P = 0.09), and dysuria

(P = 0.10). Considering that the study was not powered for

the secondary outcomes and given that the point estimates

of the odds ratios are all below 1, the results suggest that

the high frequency of these symptoms may have been

slightly moderated by the probiotic.

Table 3 Comparison of the treatments in terms of the abdominal symptom scores, at baseline and after the study period

Mean (SD) at baseline Reduction at end of study

Symprove Placebo Symprove mean (SD) Placebo mean (SD) Difference (S-P) mean (95% CI) P value*

Abdominal pain 3.2 (1.7) 2.9 (2.2) 0.7 (1.6) 0.5 (1.7) -0.02 (-0.62, 0.57) 0.94

Constipation 1.9 (1.5) 2.2 (2.0) 0.4 (1.3) 0.9 (1.9) -0.12 (-0.58, 0.34) 0.61

Diarrhoea 1.9 (1.5) 2.2 (1.8) 0.4 (1.4) 0.5 (1.5) 0.03 (-0.45, 0.51) 0.91

Per rectum bleeding 0.49 (1.1) 0.66 (1.8) 0.02 (1.2) 0.4 (1.5) -0.15 (-0.57, 0.27) 0.48

Mucorrhea 0.94 (1.5) 0.69 (1.4) 0.1 (1.3) -0.3 (1.7) 0.46 (-0.11, 1.04) 0.11

Dysuria 0.72 (1.5) 0.81 (1.5) 0.2 (1.2) 0.5 (1.8) -0.06 (-0.45, 0.33) 0.77

Back pain 2.9 (2.2) 2.6 (2.2) 0.5 (2.2) -0.1 (1.7) 0.71 (0.001, 1.38) 0.04

Bloating 3.2 (1.8) 2.7 (2.3) 0.8 (1.8) 0.4 (2.2) 0.33 (-0.37, 1.02) 0.35

Significant value in bold

* Linear regression, adjusting for symptom score and estimated glomerular filtration rate (eGFR) at baseline

Table 4 Results of the mixed logistic regression for the likelihood of daily frequency of each abdominal symptom

Symptom Counts (and percentage) experiencing symptom with at least a

daily frequency at baseline

Treatment difference Odds ratio (OR) of at least a daily

frequency in abdominal symptom

All N (%) Symprove N (%) Placebo N (%) Odds ratio (95 % CI) P value*

Abdominal pain 60 (42%) 29 (41%) 31 (43%) 0.61 (0.25, 1.5) 0.28a

Constipation 23 (16%) 7 (9.9%) 16 (22.2%) 0.36 (0.13, 1.02) 0.05b

Diarrhoea 30 (21%) 12 (17%) 18 (25%) 0.49 (0.21, 1.11) 0.09b

Per rectum bleeding 12 (8%) 4 (5.6%) 8 (11%) 0.30 (0.07, 1.20) 0.09a

Mucorrhea 14 (10%) 7 (10%) 7 (10%) 0.39 (0.14, 1.07) 0.07a

Dysuria 16 (11.2%) 7 (9.9%) 9 (12.5%) 0.41 (0.14, 1.18) 0.10a

Back pain 53 (37%) 26 (36.6%) 27 (37.5%) 0.33 (0.11, 0.99) 0.047a

Bloating 52 (36.4%) 26 (36.6%) 26 (36.1%) 0.65 (0.27, 1.6) 0.33a

a Adjusting for baseline eGRF
b Adjusting for baseline and eGRF symptom
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Fecal calprotectin changes

Baseline fecal calprotectin ranged from\10 to 1032 lg/g,
with a mean of 92 lg/g and a median of 42 lg/g and there

were no significant differences between the two groups at

the start of the study.

Month 3 values of fecal calprotectin ranged from\10 to

715 lg/g, with a mean of 89 lg/g and a median of 39 lg/g,
which did not differ significantly from baseline. The mean

change in fecal calprotectin was an increase of 3 lg/g with

the probiotic and a decrease of 3.2 lg/g with placebo.

Multiple linear regression was performed to assess pre-

dictor variables for the log of high final fecal calprotectin.

In both a full model and all reduced models tested, the best

predictor of the final fecal calprotectin amongst all patients

was baseline fecal calprotectin (P\ 0.0001). Male patients

had a 0.45 log higher fecal calprotectin than did females,

after controlling for other variables.

Given the initial imbalance in fecal calprotectin across

genders, the logistic regression was performed on male

patients only. In male patients, the 3-month trial of probi-

otic reduced the log of baseline fecal calprotectin by 75%.

In non-adjusted terms, male patients on probiotic had a

fecal calprotectin that went from 36 lg/g (IQR 14–103) to

42 lg/g (IQR 16–118), while patients on placebo went

from 66 lg/g (IQR 34–135) to 106 lg/g (IQR 52–162).

Thus, in male patients, the probiotic prevented a rise in

fecal calprotectin during the 3-month trial (P = 0.05).

Acute diverticulitis episodes

Only one patient was hospitalized with diverticulitis during

the study period, at which time the patient was withdrawn

from the trial (the patient was on placebo). A total of 11

patients (7.7%) developed acute diverticulitis during the

trial: 4.5% (N = 3) on the probiotic and 12% (N = 8) on

placebo. An exact logistic regression indicated that this

difference was not statistically significant (OR = 0.34;

95% CI 0.36–1.5; P = 0.19). Since intervals between

episodes of acute diverticulitis are often longer than the

study period (90 days), the median survival time cannot be

estimated from the data. Instead, we estimated the pro-

portion of patients that were episode-free at the end of the

study: 88% (95% CI 77–94%) for the placebo group and

96% (95% CI 87–99%) for the Symprove group. The

hazard ratio was 0.35 (95% CI 0.09–1.34), suggesting a

tendency to longer episode-free intervals in Symprove.

Furthermore, on further inspection, we found indication

of a possible interaction effect between treatment and

number of prior episodes in those patients that had 3 or

more prior episodes; the proportion episode-free by the end

of our study period was 96% (95% CI 73–99%) in the

Symprove group and 68% (95% CI 43–84%) for placebo;

and the hazard ratio for this group of patients was 0.12

(95% 0.01–0.97).

Discussion

In this randomized clinical trial, no statistically significant

benefit of the probiotic Symprove over placebo was

detected in terms of the primary outcome, namely, reduc-

tion in abdominal pain severity in patients with

symptomatic diverticular disease. In terms of secondary

outcomes, however, the probiotic was found to signifi-

cantly decrease the frequency of constipation and back

pain. The probiotic also appeared to prevent exacerbation

of intestinal inflammation in male patients and was asso-

ciated with fewer episodes of diverticulitis during the trial

than placebo in patient with frequent episodes of

diverticulitis.

Diverticular disease has a wide spectrum of varying

clinical and pathological manifestations, which often cre-

ates confusion to terminology. Treatment has historically

been either surgical or with medication and probiotics

attempting to prevent relapse of acute attacks. SUDD is

viewed as an entity in its own right (Kvasnovsky and

Papagrigoriadis 2015). However, many researchers have

highlighted similarities with the symptoms of IBS, and in

those with a documented episode of diverticulitis followed

by IBS like symptoms, the sequence appears similar to that

seen in patients with post-infection IBS like symptoms.

The patients (64%) in this study belonged to SUDD fol-

lowing a documented attack of diverticulitis and the rest

had SUDD without a documented diverticulitis episode,

but rather, the diverticular disease was discovered because

of de novo abdominal symptoms.

The primary endpoint for the present study was an

assessment of abdominal pain severity, as this was one of

the main beneficial effect of the probiotic Symprove in

patients with classic IBS (Sisson et al. 2014). Symptoms of

pain in SUDD are likely to be multifactorial, and perhaps, a

combination of functional and mechanical abnormality as

well as due to inflammatory induced alteration of visceral

nerve endings, so-called visceral hypersensitivity, similar

to that of IBS (Humes et al. 2012). The symptoms of

somatization such as back pain may also be created with

similar mechanism. The probiotic did not improve pain

severity significantly, which contrasts with its effect in

patients with classic IBS (Sisson et al. 2014), which sug-

gests that the pathogenesis of pain differs in the two

conditions (Spiller 2012; Cuomo et al. 2013). It is possible

that some of the abdominal pain in SUDD represents the

so-called ‘‘post-diverticulitis-IBS’’ which seems to have

some common features to post-infectious IBS, which is a

recognized complication of severe food infections. Post-
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infectious IBS appears to have a distinctively different

natural history to classic IBS and may not respond to the

conventional IBS treatments (Schwille-Kiuntke et al. 2011;

Marshall et al. 2007; Marshall et al. 2010; Neal et al. 1997;

Morken et al. 2009), despite that it falls within the IBS

terminology. Nevertheless, the probiotic Symprove had a

beneficial action on some secondary outcome measures,

such as bowel habits, which is important as there are so few

proven treatments for these patients.

Probiotics are likely to be able to modulate the immune

system (as so-called ‘‘immunobiotics’’); however, to date,

we have little data as to which strains, in what proportions,

and for what disease processes will have the best effect.

Even within the genus Lactobacillus, different strains

appear to stimulate immunity in different sites of the

human body(Marranzino et al. 2012).

There are some limitations and specific strengths to this

single-center research. The recruitment from a specialized

diverticular disease clinic may have targeted a patient

population that has more severe disease than the average

‘diverticular’ patient. Our study population, although not

uniform in line with most study populations with diver-

ticular disease, excluded patients with a firm previous IBS

diagnosis (Cohen et al. 2013; Boostrom et al. 2012) and

hence may be more representative of patients who are

genuinely affected by SUDD (Kvasnovsky et al. 2015).

The study followed patients for 3 months only and most

of these patients had ongoing long-term symptoms. There

was a variability of previous diverticulitis episodes and the

fibrosis caused by repeat inflammatory episodes may have

influenced the effect of the probiotic on pain alteration,

something that the power of the present of the study has not

been able to bring out. It is possible that patients with a

more acute presentation would have been more likely to

benefit from probiotic intervention. Other randomized

controlled trials of probiotics have included a treatment

range of 4–52 weeks (Kvasnovsky et al. 2015), but have

addressed different aspects of the disease, mainly possible

prevention of recurrence of diverticulitis and not the

management of symptoms. However, Lahner and col-

leagues found improvement in abdominal pain between 3

and 6 months of treatment with Lactobacillus paracasei

and a high fiber diet in patients with symptomatic non-

inflamed diverticulosis that may have a comparable study

population to ours (Lahner et al. 2012).

A strength of this research is that it addresses a well-

defined group of symptomatic patients without pre-existing

IBS, where alternative treatment options are by and large

empiric and unproven. We believe that our clinic popula-

tion may represent a representative cross section of a broad

group of patients with unmet therapeutic needs, and suspect

that this pragmatic study design will be useful to clinicians

encountering patients with symptomatic diverticular

disease in any context (Roland and Torgerson 1998).

Patients completing the trial had nearly uniformly high

treatment compliance, with 89% of patients taking at least

95% of recommended doses. Meanwhile, patients who

discontinued therapy missed a median of 65% of doses

(IQR 54–70).

The probiotic Symprove prevented an increase in fecal

calprotectin in men. Men may have a stronger inflamma-

tory component in diverticular disease than women

(Kvasnovsky et al. 2015), although there was no significant

change in white blood cell count or CRP in patients of

either gender in the clinical trial. In previous research, the

probiotic appeared to decrease the excretion of calprotectin

somewhat in patients with IBS and elevated fecal calpro-

tectin (Sisson et al. 2014) and it decreased fecal

calprotectin significantly in patients with quiescent ulcer-

ative colitis (Sisson et al. 2015). The probiotic may have a

local anti-inflammatory effect within the colon which

decreases fecal calprotectin. The importance of this kind of

inflammation in diverticular disease was addressed by

Tursi and colleagues who assessed 54 patients recovering

from acute uncomplicated diverticulitis over nearly 2 years

(Tursi et al. 2014). Patients with a recurrence of divertic-

ulitis over that period were more likely to have an elevated

fecal calprotectin 2 weeks after their index episode. Thus,

preventing an elevation in fecal calprotectin, as in the

patients in this study, could hypothetically decrease their

risk of future episodes. Although this area clearly requires

further targeted study, alterations of microbiota certainly

correlate with intestinal mucosal inflammation (Angriman

et al. 2014; Hold et al. 2014).

While there was no difference in time to acute diverti-

culitis episode between the two groups, there was a strong

indication that the probiotic prevented diverticulitis epi-

sodes in patients with three or more diverticulitis episodes.

To date, no medication has been shown to consistently

reduce the risk of recurrent diverticulitis, although there are

data to suggest that mesalamine may do so (Stollman et al.

2013). The current study was not powered to assess the

effectiveness of the probiotic at preventing episodes of

acute diverticulitis—but nevertheless, it is an undeniably

important outcome experienced by 11 patients (7.7%); 3

and 8 on probiotic and placebo, respectively. Likewise, in

terms of the binary outcome ‘maximum pain’ reported high

(Wolff and Boostrom 2012; Painter and Burkitt 1971) or

low (0–2), we observed that from baseline to month 3, the

level of pain worsened in 5 out of 53 patients on placebo

(9.4%), and in 1 out of 47 (2%) patients on the probiotic.

Collectively, these may be further indications of a potential

benefit of the probiotic Symprove in relation to placebo.

In conclusion, probiotics have a sound theoretical

underpinning as a treatment modality for SUDD. In this

study, the probiotic Symprove improved certain symptoms
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associated with SUDD, not least bowel habits that are often

a major issue for these patients. Symprove and treatment

with L. paracasei and a high fiber diet appear to be the only

currently available proven means of treatment of abnormal

bowel symptoms in SUDD. If confirmed with further

studies, these probiotics may be a major benefit and a

useful adjunct for these patients.
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