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Summary

Background: Magnesium sulfate has a long tradition as a lax-
ative. It osmotically prevents water absorption in the large
bowel and thus leads to an acceleration of the intestinal tran-
sit and better stool consistency. We wanted to investigate the
efficacy of a carbonated calcium/magnesium sulfate-rich nat-
ural mineral water in subjects with functional constipation
(FC). Patients and Methods: In this double-blind, randomized,
placebo-controlled study, subjects with FC (Rome llI criteria)
received 1 I/day (4 x 250 ml) of mineral water (Ensinger Schil-
ler Quelle) or carbonated tap water (placebo) for 6 weeks.
The primary endpoint was the change in the frequency of
bowel movements per week between baseline and visit 4
(after 6 weeks). The prespecified main secondary endpoint
was the change in the frequency of bowel movements per
week between baseline and visit 3 (after 3 weeks). Results:
Efficacy was analyzed in 100 subjects (intention-to-treat).
After 6 weeks of treatment there was no statistical difference
between the groups (p = 0.163). However, statistical signifi-
cance was reached after 3 weeks, with an increase in the fre-
quency of bowel movements per week of 2.02 + 2.22 for the
mineral water group compared to 0.88 + 1.67 for the placebo
group (p = 0.005). Conclusions: A 3-week treatment with 1 I/
day of the sulfate-rich mineral water improved the frequency
of bowel movements in subjects with FC compared with tap
water; however, the difference was no longer significant after
6 weeks. Further evaluation in rigorously designed clinical
studies will be necessary to validate the impact of sulfate-rich
natural mineral water on FC.
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Schliisselworter
Funktionelle Obstipation - Stuhlgang - Mineralwasser -
Sulfat - Magnesium

Zusammenfassung

Hintergrund: Die Verwendung von Magnesiumsulfat als La-
xans hat eine lange Tradition. Es verhindert osmotisch die
Wasseraufnahme im Dickdarm und bewirkt so eine Beschleu-
nigung der Darmtatigkeit und eine verbesserte Stuhlkonsis-
tenz. In dieser Studie wird die Wirksamkeit eines kohlensau-
rehaltigen Mineralwassers, reich an Magnesium, Sulfat und
Calcium, bei Patienten mit funktioneller Obstipation (FO) un-
tersucht. Patienten und Methoden: In dieser randomisier-
ten, placebokontrollierten Doppelblindstudie erhielten Patien-
ten mit FO (Rom-lllI-Kriterien, 2-4 Stuhlgange pro Woche)
Uber einen Zeitraum von 6 Wochen taglich 1 1 (4 x 250 ml)
sulfatreiches Mineralwasser (Ensinger Schiller Quelle) oder
kohlensaurehaltiges Leitungswasser (Placebo). Primares Ziel-
kriterium war die Veranderung der Stuhlfrequenz pro Woche
zwischen Baseline und Visite 4 (nach 6 Wochen) im Vergleich
zu Placebo. Sekundares vorher festgelegtes Hauptzielkrite-
rium war die Veranderung der Stuhlfrequenz pro Woche zwi-
schen Baseline und Visite 3 (nach 3 Wochen). Ergebnisse:
Insgesamt wurden 100 Patienten eingeschlossen und rando-
misiert (Intention-to-Treat-Analyse). Nach 6-wochiger Be-
handlung gab es keinen signifikanten Unterschied zwischen
den Gruppen (p = 0,163). Statistische Signifikanz zeigte sich
nach 3 Wochen mit einer Veranderung der Stuhlfrequenz pro
Woche um 2,02 + 2,22 fiir die Mineralwasser-Gruppe im Ver-
gleich zu 0,88 + 1,67 fiir die Placebo-Gruppe (p = 0,005).
Schlussfolgerungen: Nach 3-wochiger Anwendung verbes-
serte das Trinken von taglich 1 | sulfathaltigem Mineralwas-
ser die Stuhlfrequenz bei Patienten mit FO, wobei der Unter-
schied nach 6 Wochen nicht mehr signifikant war. Um die
Wirkung von sulfathaltigem Mineralwasser bei FO zu validie-
ren, sind gut geplante Studien mit groBerer Probandenzahl
und langerem Beobachtungszeitraum notig.
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Table 1. Rome III

Criteria fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis

Diagnostic Criteria for
Functional Constipa- 1.
tion [17]

Must include 2 or more of the following:

a) Straining during at least 25% of the defecations

b) Lumpy or hard stools in at least 25% of the defecations

c) Sensation of incomplete evacuation for at least 25% of the defecations

d) Sensation of anorectal obstruction/blockage for at least 25% of the defecations

e) Manual maneuvers to facilitate at least 25% of the defecations (e.g., digital evacuation, support of the pelvic floor)

f) Fewer than 3 defecations per week

2. Loose stools are rarely present without the use of laxatives

3. Insufficient criteria for irritable bowel syndrome

Introduction

The prevalence of constipation is about 14% [1], and that of
functional constipation (FC) 4.6% [2], with differences according
to the criteria applied: region, age, or gender [3]. Chronic constipa-
tion impairs the quality of life and leads to direct costs ranging
from USD 1,912 to USD 7,522 per year [4].

Initial management of chronic constipation should include life-
style changes and increased fiber and fluid intake. More active in-
terventions include the use of laxatives and other medications, ir-
rigation, and biofeedback therapy [4]. A recent survey supported
the treatment of constipation with increased liquid intake rather
than physical exercise or dietary fibers [5].

The medicinal use of water is probably as old as mankind, and
drinking water cures have been used for digestive problems since
ancient times [6]. Especially sulfate-rich mineral water is tradition-
ally used for treating FC. Magnesium sulfate osmotically prevents
water absorption in the large bowel, thus leading to an acceleration
of the intestinal transit and better stool consistency [7]. Further-
more, it is assumed to have beneficial effects on bile acids, liver
function, blood lipids, and the gut microbiota [8-10].

Its positive effects have been proven in several, mostly uncon-
trolled older studies [9, 11-13]. Three newer double-blind, ran-
domized studies investigating the effects of sulfate-rich mineral
water on chronic constipation found positive effects for otherwise
healthy subjects [14], women [15] and infants [16].

The present study aimed to assess the efficacy and safety of giv-
ing 11 of sulfate-rich mineral water 4 times daily (250 ml) for
6 weeks to adults with FC according to the Rome III criteria
(table 1) [17].

Methods

Study Overview

This study is reported according to the CONSORT guidelines (Consolidated
Standards of Reporting Trials) for the presentation of clinical trials, as summa-
rized in table 2 [18]. This was a 6-week randomized, double-blind, placebo-con-
trolled single-center study to evaluate the efficacy and safety of Ensinger Schiller
Quelle mineral water (1 1/day, 4 x 250 ml). The study was conducted in accord-
ance with Good Clinical Practice (GCP) guidelines (CPMP/ICH/135/95; Topic
E6 (R1); and GCP-V), the Declaration of Helsinki, and local laws and regula-
tions (AMG (Arzneimittelgesetz; Medicinal Products Act, The Drug Law)). The
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protocol was reviewed and approved by the national competent authority
(BfArM (Bundesinstitut fiir Arzneimittel und Medizinprodukte; Federal Insti-
tute for Drugs and Medical Devices), Germany) and by the local ethics commit-
tee (LAGeSo, Germany; 13/0134-EK11). The study was prospectively registered
in the European Clinical Trials Database (EudraCT 2013-000861-36). Partici-
pants gave their written informed consent before inclusion. All authors had ac-
cess to the study data and reviewed and approved the final manuscript.

Study Participants

Enrollment (Dr. Ilona Uebelhack; analyze & realize) was during a period of
12 months from July 2013 to July 2014 in Berlin, Germany. Inclusion criteria
were: age 18-64 years, body mass index (BMI) < 35 kg/m? bowel movements
on 2-4 days per week during the last 3 months (according to the subject’s own
statement), and a diagnosis of FC according to the Rome III criteria. Further
inclusion criteria were: subjects should commit to adhering to their former diet
and physical activity; they should be used to consuming at least 11 of water (in-
cluding tea) or mineral water daily and should use the study water only for
themselves. The use of contraception methods was an additional criterion for
women of childbearing age. Exclusion criteria (among others): clinically rele-
vant excursions of laboratory parameters; irritable bowel syndrome; acute or
chronic disease of the gastrointestinal tract; presence of occult blood on screen-
ing; abdominal surgery within the last 6 months prior to study start; use of any
preparations that could affect the gastrointestinal tract (e.g., probiotics, laxa-
tives, enema, constipating drugs, etc.) during the last 2 weeks and during the
study; magnesium and calcium supplementation during the study; intake of
mineral water other than the investigational product during the study (com-
plete list see Online Supplemental Text 1; www.karger.com/?DOI=449436).

Recruitment took place via public advertisements. Participants got financial
incentives (EUR 35 for visit 1 and EUR 50 each for visits 2-4).

Interventions

The 6-week treatment period was preceded by a 1-week run-in phase after
the screening visit. A self-evaluation diary was completed by the participants
during this period. To undergo randomization at the end of the run-in phase,
participants had to have complete bowel movements on 2-4 days per week and
a daily intake of 1 1 of water/tea or mineral water (according to their diaries).
The rationale was to include patients with mildly and moderately reduced
bowel movement frequency, as the investigational product was expected to be
most appropriate for this population.

The participants had to drink 250 ml of room temperature mineral water or
tap water (placebo) 4 times daily: 30 min before breakfast, during the morning,
30 min before lunch, and 30 min before supper. Both the mineral water and
placebo were provided in identical 1-1 bottles.

The mineral water has a total mineralization content of 2,666 mg/I (573 mg/l
calcium, 105 mg/l magnesium, 1,535 mg/l sulfate, and others) and 2,650 mg/1
carbon dioxide added (for details see Online Supplemental Table 1; www.
karger.com/?DOI=449436). The placebo was tap water with a total mineraliza-
tion content of 108 mg/l (48 mg/I calcium, 8 mg/l magnesium, 34 mg/1 sulfate,
and others) and 2,650 mg/l carbon dioxide added (for details see Online Sup-
plemental Table 2; www.karger.com/?DOI=449436).
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Table 2. Study design

Run-in Treatment
Visit 1, Visit 2, Visit 3 Visit 4
screening baseline/randomization
Week 0 1 3
Weight, waist and X
hip circumferences
Pulse rate, X X X X
blood pressure
Daily diary*: BSFS, X X X X
VAS, W1, CE
Questionnaires: X X X
GIQLI SF-12
Blood draw®
Stool analysis®
Global judgement
of efficacy/safety
Adverse events X X X

BSEFS = Bristol Stool Form Scale (number and type of stools); VAS = Visual Analogue Scale (degree of
pain and degree of pressing during bowel movement); WI = water intake (date/quantity); CE = complete

evacuation (bowel movements with sensation of complete evacuation (yes/no)); GIQLI = Gastrointestinal
Quality of Life Index; SF-12 = Short Form Health Survey-12.

*Self-evaluation diary: Distribution/redemption.

YBlood analysis: Liver function (alanine transaminase, aspartate aminotransferase, y-glutamyltransferase,
alkaline phosphatase, bilirubin) and lipids (triglycerides, total cholesterol, high-density lipoprotein, low-

density lipoprotein).

“Stool analysis: Semi-quantitative assessment of potentially pathological (E. coli (atypical), Enterobacteria-

ceae sp. (not differentiated), Clostridium sp., Gram-negative bacteria (non-enterics, not differentiated),
Staphylococcus sp., B-hemolytic streptococci, Bacillus sp.) and potentially beneficial (Lactobacillus spp.,
Bifidobacterium spp., Bacteroidetes, Enterococcus spp., E. coli) bacteria, as well as yeast-like fungi and

molds (Geotrichum sp.).

Measurements

Medical history and constipation episodes (Rome III criteria, onset of
symptoms, dietary habits, physical activities, and previous and current treat-
ments) were recorded at inclusion; the weight and waist and hip circumferences
at visits 1 and 4; pulse rate and blood pressure at each visit; blood draws and
stool sampling at visits 1 and 4. Laboratory parameter determinations were per-
formed with standard methods at MDI Laboratorien GmbH, Berlin, Germany
(DIN EN ISO 15189:2007 certified) (table 2).

Diaries and Questionnaires

From the start of the 1-week run-in period through the end of the study, the
participants recorded in self-evaluation diaries: 1) the number and type of
stools (Bristol Stool Form Scale; BSES) [19], 2) the degree of pain and pressing
during bowel movement (Visual Analogue Scale (VAS) 0-10), 3) the date and
quantity of water intake, and 4) the bowel movements with sensation of com-
plete evacuation (yes/no).

At baseline, week 3, and week 6, the gastrointestinal quality of life was eval-
uated with the Gastrointestinal Quality of Life Index (GIQLI) [20], a standard-
ized German psychometric test that permits the evaluation of 5 different di-
mensions of gastrointestinal quality of life (classified as ‘symptoms’, ‘emotions’,
‘physical functions’, ‘social functions’, and ‘inconvenience of medical treat-
ment’). The GIQLI comprises 36 items to be answered by a 5-point rating scale,
in which ‘0’ represents an extreme problem/symptom and ‘4’ represents the ab-
sence of a problem/symptom.

A validated generic instrument, the Short Form Health Survey-12 (SF-12)
[21] was used to assess physical as well as mental health-related quality of life on
a scale of 0-100, with higher scores indicating a better general well-being. A
global evaluation of efficacy and tolerance by both investigators and subjects

Sulfate-Rich Mineral Water and Constipation

was performed at the end of the treatment, using a scale of ‘very good’, ‘good’,
‘moderate’, and ‘poor’.

Safety Parameters

Data from participants who took at least 1 dose of the study water were in-
cluded in the safety assessment. Adverse events (AEs) were reported at visits 2,
3, and 4. Safety laboratory parameters were hemoglobin, hematocrit, erythro-
cytes, thrombocytes, leukocytes, creatinine, urea, uric acid, potassium, calcium
(visits 1, 4). Vital signs were evaluated throughout the study (visits 1-4).

Compliance
The volume of study water intake was documented in the diaries and con-
trolled by the number of empty and full bottles returned.

Efficacy Endpoints

The primary efficacy endpoint was defined as the difference in the change of
bowel movement frequency per week from baseline to visit 4 between the 2
groups. The main secondary efficacy endpoint was the difference in the change
of bowel movement frequency per week from baseline to visit 3. Other second-
ary endpoints were the change in bowel movement frequency per week; stool
consistency (BSFS); gastrointestinal well-being (GIQLI); general well-being
(SF-12); liver and lipid metabolism function laboratory parameters; gut micro-
biota parameters; waist and hip circumferences; body weight; blood pressure;
global evaluation of efficacy and tolerance by both investigators and partici-
pants; and safety laboratory parameters.

Forsch Komplementmed 2016;23:1-8
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Assessed for eligibility (n = 120)

Excluded (n = 20)
+ Not meeting inclusion criteria (n = 20)

' Randomized (n = 100) l

4

(n=50)

Allocated to mineral water (n = 50)
+ Received allocated intervention

Allocation
Allocated to placebo (n = 50)

+ Received allocated intervention
(n=50)

i

A

Follow-up

il

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

A

v

Analysed (n = 50)

+ Excluded from analysis (n = 0)

Analysis
Analysed (n=50)

+ Excluded from analysis (n = 0)

Fig. 1. Flow diagram of the participants.

Sample Size Calculation

We expected a change in the frequency of bowel movements per week be-
tween baseline and visit 4 of 1.75 in the treatment group and of 0.5 in the con-
trol group (standard deviation (SD) = 2.0). Thus, the difference is 1.25 + 2.0 and
the related effect size 0.62. Calculation was based on a Mann-Whitney U-test
with an a risk level of 0.05 and a statistical power of 80%, requiring 44 partici-
pants per group. With an expected dropout rate of 10%, 50 participants per
group were chosen.

Randomization and Blinding

Randomization codes (block of 4) were generated by an independent statis-
tician with a computer program (BIAS, University Frankfurt/M., Germany).
Study IDs were assigned chronologically on visit 2, when the participants re-
ceived the first bottles of study water with the ID and randomization number
printed on the label, ensuring that group assignment was concealed from both
participants and investigators.

Participants, investigators, and the study team were blinded; the statistical
analyses were performed blinded. The principal investigator was able to break
the blind for serious AEs (SAE).

Statistical Analyses

The primary and secondary efficacy endpoints were analyzed by Mann-
Whitney U-test, based on the intention-to-treat (ITT) population, defined as all
randomized subjects having at least once taken the study water and from which
efficacy data were documented, applying the last-observation-carried-forward
(LOCF) approach to impute missing data. Baseline differences between the
groups were assessed by either Mann-Whitney U-test or by y>-test. Quantitative
variables are described using the mean and SD for normally distributed values
and the median for not normally distributed values. Qualitative variables are
described using number and percentage. The level of significance was set at P <
0.05. Statistical analyses were performed using SPSS®, version 22, for Win-
dows™ (version 9.2; SAS Institute).

Forsch Komplementmed 2016;23:1-8

Results

Population

Details of the participant flow are given in figure 1. A total of
100 subjects were randomized to the treatment group (mineral
water; n = 50) or the placebo group (tap water; n = 50). The sub-
jects’ mean (+ SD) age was 44.8 + 11.4 years, with a significant dif-
ference (p = 0.039) between the treatment group (47.2 + 10.5 years)
and the control group (42.3 + 11.9 years). Most of the participants
were of Caucasian origin (n = 99); only 1 was of Asian origin.
There were no significant differences in other baseline characteris-
tics (table 3).

Efficacy Endpoints

Frequency of Bowel Movements

After 6 weeks of treatment (primary endpoint), the change in
the frequency of bowel movements per week with mineral water
was 1.74 + 1.88 compared to 1.22 + 1.72 with placebo (p = 0.163),
showing a trend in favor of mineral water (fig. 2).

Statistical significance was reached after 3 weeks of treatment
(main secondary endpoint) with mineral water, with a change in
the frequency of bowel movements per week of 2.02 + 2.22 com-
pared to 0.88 * 1.67 with placebo (p = 0.005) (table 4). This result
was still significant after correcting for multiple testing according
to Bonferroni, with the bowel movement frequency per week be-
tween baseline and visits 3 and 4 as variables (required p < 0.025).

Naumann/Sadaghiani/Alt/Huber
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Table 3. Baseline

. . Overall, Sulfate-rich mineral Placebo (tap water), p
demographic and clini-
- N =100 water, N = 50 N =50
cal characteristics of
the ITT population Gender (female/male) 85/15 42/8 43/7 0.779%
(N =100) Age, years 448+ 114 47.2 £ 10.5 423 +11.9 0.039*%
Height, cm 170 + 8.1 170.0 £ 7.7 170.0 £ 8.5 0.877%
Weight, kg 68.3+11.7 68.5+11.9 68.2+11.7 0.642°
BMI, kg/m2 23.7+29 23.7+3.0 23.7+2.8 0.825%
Frequency of bowel movements per week 2.86 +1.00 2.78 £0.98 2.94 £1.02 0.330°
Stool consistency (BSES) 2.18 £ 0.91 2.29 +0.96 2.07 £ 0.86 0.191%
ITT = Intention-to-treat; BMI = body mass index; BSFS = Bristol Stool Form Scale (7-point scale ranging from the discrete lumps of
slow transit (type 1, 2) to the non-cohesive (type 6) and liquid stools (type 7) of rapid transit; types 3-5, normal stool); SD = standard
deviation.
Data are shown as mean + SD.
Sy2-test.
SMann-Whitney U-test.
*p < 0.05.
6
mb
g
£
@
24
E
B
E 3 = Mineral water
= = = Placebo
22
-]
=]
=y
2
=1
Fig. 2. Frequency of bowel movements per week 0 i
(N =100). Data are shown as mean and SEM V2 V3 V4

(standard error of the mean); *p < 0.05.

Further Secondary Efficacy Endpoints
Several endpoints were significantly improved in the mineral

(see Online Supplemental Text 2; www.karger.com/?DOI=449436).
There were no differences (p < 0.05) for the other secondary

water group as compared with the placebo group: the bowel move-  endpoints.
ment frequency per week (mineral water 4.8, placebo 3.8; p =
0.036) and the stool consistency (BSFS) (mineral water 3.1, placebo Ancillary Analyses

2.7; p = 0.044) (visit 3). At visit 4, there was an improvement in the
GIQLI subdimension ‘physical functions’ (change from baseline:
mineral water 2.4, placebo 0.9; p = 0.015) as well as in the SF-12
subdimension ‘physical functions’ (change from baseline: mineral
water 2.1, placebo -1.1; p = 0.006). The global evaluation of effi-
cacy and tolerance by the investigators and the subjects (values in
brackets) showed congruence in 94% of the cases for efficacy and
93% of the cases for tolerance. The efficacy was rated as very good
in 19% (19%) of the cases, good in 30% (27%), moderate in 42%
(45%), and poor in 9% (9%). Tolerance was rated as very good in
77% (72%) of the cases, good in 22% (25%), moderate in 1% (3%),
and poor in 0% (0%). There were no differences between the
groups. Liver and lipid parameters as well as the gut microbiota
showed minor changes; these were, however, not clinically relevant

Sulfate-Rich Mineral Water and Constipation

The relief of subjective symptoms, as documented in the pa-
tients” self-evaluation diaries, was greater in the treatment group
than in the placebo group. At visit 3, the percentage of bowel move-
ments with sensation of complete evacuation had increased (min-
eral water 54%, placebo 37%; p = 0.014) and the percentage of sub-
jects with feeling of rectal pressure had decreased (mineral water
34%, placebo 47%; p = 0.002). However, the degree of pain during
bowel movements was reduced in both groups (p < 0.001). At the
end of the treatment, 80% of the participants in the treatment group
and 74% in the placebo group reported less pain (p < 0.33).

Compliance
Compliance with treatment was very good: 3 + 5.4% of the pro-
vided water was returned after the study (mineral water 2.2 + 4.9%,

Forsch Komplementmed 2016;23:1-8
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Table 4. Frequency of bowel movements of the
ITT population (N = 100)

Sulfate-rich mineral Placebo (tap water) p’
water
V2 (baseline) 2.78 £0.98 2.94+1.02 0.330
V3 (after 3 weeks) 4.80 + 2.46 3.82 +1.65 0.036*
V4 (after 6 weeks) 4.52 +1.85 4.16 +1.83 0.357
Difference V2 - V4! 1.74 £ 1.88 1.22+1.72 0.163
Difference V2 - V32 2.02+222 0.88 + 1.67 0.005*

ITT = Intention-to-treat; V2 to V4 = visits 2-4; SD = standard deviation.
Data are shown as mean + SD.

SMann-Whitney U-test.
'Primary endpoint.
2Secondary endpoint.
*p < 0.05.

placebo 3.7 £ 5.8%). The overall duration of the treatment was 43 +
1.4 days, with no significant difference between the groups.

Safety

A total of 10 AEs were reported by 8 subjects (2 subjects re-
ported 2 AEs), of which 6 were classified as minor, 4 as moderate,
and none as severe. A relationship with treatment (meteorism with
mineral water and diarrhea with placebo) was deemed possible for
2 of the AEs classified as being minor.

Discussion

While there is a physiological and clinical rationale that sulfate-
rich mineral water can at least reduce constipation, this ran-
domized controlled study failed to show an effect [9-11, 22]. Sur-
prisingly, the primary endpoint at week 6 was negative. A signifi-
cant effect could be shown for the main secondary endpoint at
week 3, even after Bonferroni correction. This result is consistent
with the findings of an earlier 4-week controlled trial in women
with functional constipation with 1 /day of Hépar, a magnesium
sulfate-rich mineral water similar to Ensinger Schiller Quelle (total
mineralization content: 2,513 mg/l and 2,666 mg/l, respectively)
[15]. As in our study, the primary endpoint was negative and statis-
tical significance was only reached for the main secondary end-
point at week 2.

Nevertheless, this result was unexpected and several possibilities
merit discussion to explain our findings.

Additional intake of water: The non-significant result after
6 weeks was not due to the effect of mineral water being small, but
to the underestimated effect of the additional intake of water,
which resulted in an increase of 1.22 bowel movements per week
rather than the 0.5 movements anticipated. As shown by the Na-
tional Health and Nutrition Examination Survey [5], lower intake
of water is associated with increased constipation. Therefore, in-
creasing the water intake by 0.5 1/day, as prescribed in this and
other studies, could explain the surprisingly good results achieved
in the placebo group [5, 23].

Forsch Komplementmed 2016;23:1-8

Carbonated tap water: Carbonated water showed positive effects
in double-blind randomized controlled trials on functional dys-
pepsia and constipation, which may explain the relatively strong
effect seen in the placebo group [24, 25].

Mineralization content: The sulfate and magnesium contents of
the investigational product may be too low. A recent study showed
that a Slovenian natural water with a high mineralization content
of 13 g/l (sulfate 2,000 mg/l, magnesium 1,000 mg/l, hydrogen car-
bonate 7,600 mg/l, and others), significantly improved the bowel
movement frequency and stool consistency in 75 constipated sub-
jects, as compared to a water with low mineralization content
(<1g/l)[14].

Unspecific effects: A problem commonly associated with studies
of the treatment of FC and other functional gastrointestinal disor-
ders is the high placebo response rate [26] in addition to unspecific
effects; especially, regression to the mean may also have played a
role [27].

Strengths and Limitations

The limitations of the current study include an inadequately es-
timated effect size. Underestimating the effect of additional water
intake resulted in an insufficient sample size. The onset of treat-
ment response was faster than expected and did not further im-
prove during prolonged application, resulting in an inadequate
primary endpoint. There was a significant difference in age at base-
line and the prevalence of constipation increases with age [28];
however, there was no significant difference at baseline in the pri-
mary endpoint, bowel movement frequency. The validity of paper
diary records is limited. Concerns about compliance with paper
diaries include poor adherence and retrospective or just-before-a-
visit recording [29].

The strengths of the study are the randomized double-blind
placebo-controlled design and the fact that there were no drop-
outs throughout the study period. Compliance was also very
good. The population (otherwise healthy, constipated subjects)
studied here can be regarded as representative of routine clinical
practice. Although validity may be restricted, generalizability is
good [30].
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Clinical Implications

With an increase of 2.8 bowel movements per week at baseline
to 4.80 after 3 weeks and 4.52 after 6 weeks, the improvement seen
in the treatment group can be regarded as clinically relevant since 3
or more bowel movements a week is considered the low end of the
range defining normal bowel function [31]. It is noteworthy that
1 1/day of tap water resulted in a clinically relevant improvement
after 6 weeks; with 1 1/day of sulfate-rich mineral water, this effect
was already achieved after 3 weeks.

The adequate relief of subjective symptoms resulted in an in-
crease in gastrointestinal and general well-being, as documented in
the patients’ self-evaluation diaries and the physical dimensions of
the GIQLI and the SF-12. In summary, health-related quality of life
improved.

Furthermore, as in other studies, use of the sulfate-rich mineral
water was associated with a very good safety profile. No SAEs and
only 10 mild or moderate AEs were reported, with 2 minor AEs
possibly being related to the treatment (meteorism with mineral
water and diarrhea with placebo). This is in accordance with a re-
view showing an association between higher sulfate content in
water and an increase in stool frequency, but no association with
diarrhea up to 2,800 mg/l or other AEs, even in infants [32].

Sulfates have been shown to have positive effects on the gall-
bladder; however, the sulfate-rich mineral water investigated did
not show effects on liver enzymes [33]. Similarly, there were no im-
provements on blood lipids either; however, the results produced
by other studies of sulfate-containing mineral water on blood lipids
are contradictory [15, 26].

Conclusions
A 3-week treatment with 1 1/day of the sulfate-rich mineral
water improved the frequency of bowel movements in subjects

with FC compared with tap water; however, the difference was no
longer significant after 6 weeks.
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Larger and longer studies are required to further assess the ben-
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future studies, it could be interesting to include more severely con-
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