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Effects of zinc and probiotic co-
supplementation on inflammation,
gastrointestinal symptoms, quality
of life, and mood in irritable bowel
syndrome patients

Mahsa Rezazadegan®, Maryam Soheilipour? & Reza Amani**

Zinc supports intestinal integrity, and probiotics restore microbial balance, thereby improving gut
health. This study examined the effect of zinc and probiotic co-supplementation on inflammation,
gastrointestinal symptoms, quality of life (QoL), and mood in IBS patients. The 84 participants were
assigned to three groups and received: (1) a zinc gluconate tablet (20 mg elemental zinc) and a placebo;
(2) a zinc gluconate and a probiotic capsule; (3) 2 placebos as a control for 90 days. The serum zinc and
TNF-a, IBS severity, mood, and QoL were assessed by validated methods. Supplementation with zinc,
without or with probiotics, improved serum zinc (6.36 +0.80 and 13.03 +3.82, vs. -1.76 +1.82 pg/dL;
p=0.008), and IBS severity (-182.85+16.27 and -195.71+23.46, vs. -73.21+17.69; p=0.003) compared
to placebo. Depression (-3.62+1.46 or - 0.78 +1.16 vs. 2.07 +1.53, p=0.004) and stress scores
(-2.88+1.82 or-2.64+1.49, vs. 1.85+1.95, p=0.013) decreased after zinc or placebo supplements
compared to zinc plus probiotic. Zinc supplementation, with or without probiotics, improved serum
zinc levels and Gl symptoms in IBS, whereas zinc alone was more effective than zinc plus probiotics in
reducing depression and stress scores. Further research is suggested to confirm our findings.
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The disorders of gut-brain axis interactions (DGBI) have a 40% globally prevalence'. Although DGBI is not
considered life-threatening, it exerts a substantial detrimental impact on the quality of life (QoL) and imposes
financial burdens on healthcare systems?. Irritable bowel syndrome (IBS) is among the most prevalent DGBIs®.
The prevalence of IBS in women is more than in men (approximately 12% vs. 9%)%. The overlap between
IBS and other conditions, such as functional dyspepsia, depressive disorders, somatization disorder, and
gastroesophageal reflux disorder, is noteworthy>®. The pathophysiology of IBS is complex and multifactorial,
including gut motility abnormalities, visceral hypersensitivity, increased leaky gut, low-grade inflammation,
dysregulation of gut-brain interactions, and psychosocial distress, but is not limited to them. These mechanisms
are related to each other and can contribute to the heterogeneity of clinical presentation and symptom severity
among patients’. Psychosocial distress and the numerous psychiatric comorbidities in IBS contribute to disorder
development and symptom exacerbation®. Moreover, IBS is related to gut dysbiosis, typically characterized by
reduced microbial diversity, altered composition, and depletion of beneficial taxa such as Bifidobacterium’.
Genetic, antibiotic use, infections, stress, and poor diet are factors that can lead to dysbiosis and subsequently
increased intestinal permeability (IP)'0, Studies have shown that vitamin D, probiotics, and zinc are related to
IP11713.

Probiotics are live microorganisms that confer health benefits to the host when administered in adequate
amounts'®. Probiotics, through interference with potential pathogens, improvement of gut barrier function,
and immunomodulation, exert lucrative effects on the host!. Studies support the use of probiotics, especially
Bifidobacterium and Lactobacillus genus, to modulate intestinal microbiota in IBS patients!®!”. Based on
guidelines, probiotics may be an effective treatment for global symptoms and abdominal pain among IBS
patients, with the strongest effect for genus Lactobacillus'®. Xie et al. revealed that the low FODMAP diet and
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probiotics (especially Lactobacillus, Bifidobacterium, and Bacillus) are two common interventions for patients
with IBS before initiation of pharmacological treatments'®. Diet restrictions among IBS patients can cause zinc
deficiency, which is the main trace element for improving gut tight junction integrity and reducing inflammation
and oxidative stress'®. Beef, poultry, seafood, dairy products, legumes, and whole grains are food sources of
zinc®. About 17.3% of the population in the world and approximately 25% of Iranian households are at risk
of inadequate zinc intake?'*2, Some studies demonstrated that there is a lower intake or serum zinc levels in
patients with IBS; however, other studies did not find any association?*-2°. In our previous study, we showed that
serum zinc was negatively correlated with serum zonulin (a marker of leaky gut) in diarrhea-predominant IBS
patients!!. Zinc and probiotics are two effective components in the reduction of IP, inflammation, and oxidative
stress, and improving mood. Some studies have shown that concurrent consumption of zinc with probiotics can
help increase zinc absorption and have a synergistic effect in improving antioxidant status and immune system
function?”8. Probiotics, through the production of short-chain fatty acids (SCFAs) and the reduction of gut
pH, can increase the solubility of certain minerals, like zinc. Also, probiotics produce phytases that break down
phytic acid, thereby releasing minerals such as calcium and zinc and making them available for absorption®.
Considering that no study has been conducted so far on zinc supplementation and in combination with probiotics
in IBS patients, the aim of the present study was to investigate the zinc and probiotic co-supplementation on
inflammation, gastrointestinal (GI) symptoms, QoL, and mood states in patients with IBS.

Methods

Trial design

This study was a double-blind parallel randomized placebo-controlled clinical trial stratified based on sex.
It was conducted according to the Declaration of Helsinki. The study protocol was approved by the Medical
Ethics Committee at the Isfahan University of Medical Sciences (IR MULPHANUT.REC.1402.079). It was
also registered at the Iranian Registry of Clinical Trials (https://www.irct.ir) under the registration number
IRCT20180818040827N5 on 29/01/2024.

Participants

From July 2024, IBS patients who were referred to the subspecialty Clinic of Khorshid Hospital and Al-Zahra
Hospital Digestive Health Center and two gastroenterology clinics in Isfahan (Iran) were screened. Men and
women aged 20-60 with a body mass index (BMI) between 18.5 and 40 kg/m? and a confirmed diagnosis of IBS
by a gastroenterologist based on Rome IV criteria were enrolled®. The exclusion criteria were patients with a
history of GI surgery or infection, celiac, inflammatory diseases such as inflammatory bowel diseases, pregnancy,
lactation, hospitalization, malignancy, allergic reactions to zinc, probiotic or placebo, supplementation with
probiotic products or zinc, following a special diet, smoking and alcohol drinking habit, chronic anemia, being
a professional athlete and taking medications including antibiotics, anti-diarrheal or laxative, penicillamine,
affecting on Gl motility, as well as heparin and warfarin. Written informed consent was obtained from all the
participants before enrollment. Medical and demographic characteristics were also collected through interviews.

Sample size

The sample size was calculated using the recommended formula for clinical trials, taking into account type one
error of 0.05 and type two errors of 0.20 (power = 80%) based on a previous study’!. Therefore, 25 IBS patients
in each group were required. According to a ~10% drop-out rate, we finally recruited 28 patients with IBS for
each group, 84 in total.

Randomization and blinding

The participants were assigned to treatment (zinc or zinc plus probiotic) and control (placebo) groups using
stratified (based on sex) permuted block randomization (allocation ratio=1: 1: 1, block size=6). We used the
website (https://www.sealedenvelope.com/simple-randomiser/v1/lists) for the generation of a random allocation
sequence. Zinc, probiotic, and placebo tablets were sealed in bottles that were numbered in a specific order. The
sequence generation and allocation concealment were implemented by an independent medical expert. The
patients, laboratory staff, and researchers were blinded to the randomization. Zinc, zinc placebo, probiotic, and
its placebo were similar in size, weight, shape, color, and packaging.

Intervention

Patients were randomized into three parallel groups!, zinc group: zinc gluconate tablet (20 mg of elemental
zinc, Amin Pharmaceutical Company, Isfahan, Iran) and FamiLact placebo capsule (Microcrystalline cellulose,
Zist Takhmir, Tehran, Iran)? zinc and probiotic group: zinc gluconate tablet (20 mg of elemental zinc, Amin
Pharmaceutical Company, Isfahan, Iran) and FamiLact capsule (10° colony-forming units (CFUs) of Lactobacillus
rhamnosus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus acidophilus, Bifidobacterium breve,
Bifidobacterium longum, Bifidobacterium lactis, Bifidobacterium bifidum, and Streptococcus thermophilus, Zist
Takhmir, Tehran, Iran)?; the placebo group: zinc placebo tablet (Microcrystalline cellulose, Amin Pharmaceutical
Company, Isfahan, Iran) and FamiLact placebo capsule (Microcrystalline cellulose, Zist Takhmir, Tehran, Iran).
The dose and duration of supplementation were chosen based on previous studies*?=34, A zinc tablet (supplement
or placebo) and a probiotic capsule (supplement or placebo) were prescribed once daily after breakfast with
sufficient water for 90 days. All patients in the three groups were instructed with appropriate dietary advice
for IBS based on the recommendations of the American Gastroenterological Association guideline®. These
recommendations were: having regular meals and taking time to eat, avoiding missing meals or leaving long
gaps between eating, drinking at least 8 cups of fluid per day, especially water, restricting caffeine, and reducing
intake of alcohol and fizzy drinks. All groups were asked to record their dietary intakes and physical activity
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levels during the study. Follow-up phone weekly calls, clinic visits in the middle of the period, and monitoring
the number of consumed supplements or placebos were conducted to assess treatment compliance.

General characteristics, anthropometric indices, dietary intake, and physical activity

In the first visit, participants were asked about their general characteristics, including age, sex, marital status,
education level, history of diseases, medications, and supplements they consumed. A fixed, non-stretchable tape
at 0.1 cm precision was used to measure height in a standing position. Weight was measured in minimal clothing
to the nearest 0.1 kg by a digital scale, Omron BF511. Waist circumference was determined at the midpoint
between the iliac crest and the last rib. Body mass index was calculated by dividing weight (kg) by height (m?).
Food records were made three times during the study (at the beginning and in weeks 5 and 12). Nutritionist IV
software customized for Iranian foods was used (First Databank, San Bruno, CA, USA) for the calculation of
energy and nutrient intake®. Physical activity levels were estimated using a valid and reliable short form of the
International Physical Activity Questionnaire (SF-IPAQ) at the beginning and in weeks 5 and 12%”. Also, possible
side effects of supplements or placebos, particularly GI complications, were monitored during the trial period.

Outcomes assessment

Venous blood samples were obtained from the participants after 10-12 h of overnight fasting. The serum was
separated by centrifugation and then stored at — 80 °C until final analysis. Serum zinc level was measured by Cobas
integra 400 plus analyzer (Roche Diagnostics, Rotkreuz, Switzerland). The enzyme-linked immunosorbent assay
(ELISA) technique using a commercially available kit (Karmania Pars Gene Company, Iran) was used to assess
serum TNF-a level.

A validated IBS severity score system (IBS-SSS) was used to assess the IBS severity*®. The validated IBS-SSS
included five clinical items' severity of abdominal pain? frequency of abdominal pain®, severity of abdominal
distention?, dissatisfaction with bowel habits’, interference of IBS with daily activities in general during 10 recent
days. Scores less than 75, 75-175, 175-300, and above 300 indicated remission, mild, moderate, and severe
IBS, respectively. Participants were evaluated for depression, anxiety, and stress scores using a validated 21-item
questionnaire (DASS-21)*. There were four response options, and based on the scores in each question, each
parameter of depression, anxiety, and stress was calculated. A self-reported 34-item IBS quality of life (IBS-
QoL) questionnaire was provided to IBS patients*. The Persian version of this questionnaire was reliable and
validated, having high internal consistency*'. The IBS-QoL questionnaire has 8 subscales, including “dysphoria’,
“interference with activity”, “body image”, “health worry”, “food avoidance’, “social reaction’, “sexual worries”
and “relationship” A five-point response scale from always! to never® was used to measure patients’ QoL. Scores
of all items were converted to scales between 0 and 100, in which higher scores showed better QoL.

Statistical analysis

Data analyses were performed according to the intention-to-treat (ITT) approach, using the last-observation-
carried-forward (LOCF) method by a statistical software package (SPSS, Inc., Chicago, Illinois, USA), version
23.0. Statistical significance was considered at P<0.05. Normal distribution of quantitative variables was checked
using Q-Q plots and skewness. Data with normal distribution were reported as mean+standard deviation
(SD) or standard error (SE), and categorical data were reported as frequency (percentage). The non-normally
distributed data were shown as median (interquartile range). The participants’ baseline characteristics between
groups were assessed by one-way ANOVA and Chi-square tests. Within-group comparisons after a 90-day
intervention were conducted by a paired-samples t-test. Differences between the three groups after intervention
were detected using analysis of covariance (ANCOVA), adjusted for the baseline value of each variable, as well
as physical activity, supplementation, and medications (antidepressant, antispasmodic, and antacid) use in the
final model. Also, changes in dietary intake components and physical activity over time were assessed using the
repeated measure analysis of variance.

Results

The recruitment period and follow-up of participants were from July 2024 to February 2025. Of 84 IBS patients,
seven participants were excluded (two patients due to personal reasons from the zinc group, two patients due to
personal reasons (1 =1), and gastrointestinal complications (n=1) from the zinc plus probiotic group, and three
patients due to personal reasons (n=2) and low compliance rate (n=1) from the placebo group). Nevertheless,
all 84 participants were included in the final analysis according to the ITT approach (Fig. 1).

Baseline characteristics
The baseline characteristics of participants are presented in Table 1. There were no significant differences between
the three groups in terms of all baseline characteristics.

Dietary intake and physical activity level

The dietary intake and physical activity of the subjects throughout the study are summarized in Table 2.
The comparison of the three groups did not show any significant differences in energy, macronutrients, and
micronutrients intake during the time. As shown in Table 2, physical activity levels, expressed as median
(interquartile range), exhibited changes within groups over time; however, repeated measures analysis illustrated
that the physical activity levels differed significantly among the three study groups (p=0.007).

Effect of intervention on serum zinc level, inflammation and gastrointestinal symptoms
Within- and between-group comparisons of serum zinc, inflammation and gastrointestinal symptoms at the
baseline and 90 days are reported in Table 3. In the zinc supplementation and zinc plus probiotic supplementation
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Fig. 1. Study flow diagram based on CONSORT statement.

groups, serum zinc level was significantly increased (mean change: 6.36+0.80, p=0.001, and 13.03+3.82,
p=0.002, respectively), and serum TNF-a level (mean change: —116.22+8.16, and —113.13+12.14, p=0.001,
respectively) and severity of IBS symptoms (mean change: —182.85+16.27, and —195.71+23.46, p=0.001,
respectively) were decreased compared with the baseline. Also, in the placebo group, serum TNF-a level (mean
change: —110.25+10.51, p=0.001) and IBS severity (mean change: —73.21£17.69, p=0.001) were decreased at
the end of the study compared with that of the beginning.

Between-group comparison illustrated that zinc plus probiotic supplementation significantly increased
serum zinc level compared to the control in both adjusted models (13.03+3.82 vs. —1.76+1.82; model 1I:
Pp=0.004, final model: p =0.008). In the ANCOVA model adjusted for baseline values and other confounders, this
significant difference was also revealed in zinc supplementation compared with the placebo group (6.36+0.80
vs. —1.76 £1.82; p=0.008). However, there was no significant effect on TNF-a level between the intervention and
the placebo groups.

A significant reduction for IBS severity score were observed in both zinc supplementation separately and plus
probiotic in adjusted model for baseline values and only in zinc supplementation in model adjusted for baseline
values and other confounders compared to the placebo (-182.85+16.27 or —195.71+23.46, respectively, vs.
—73.21+17.69; model 1: p=0.003, final model: p=0.034).

Effect of intervention on mood status

The effect of the 90-day intervention on depression, anxiety, and stress is shown in Table 3. The within-group
comparison revealed a significant reduction of depression and anxiety scores in the zinc supplementation group
at the end of the study, compared to the beginning (mean change: —3.62+1.46, p=0.02, and —2.37+1.12,
Pp=0.046, respectively).

In the model adjusted for baseline values, depression score decreased significantly in the zinc group compared
to the zinc plus probiotic, not the placebo, group (—3.62+1.46 vs. 2.07+1.53, p=0.014). After adjusting for
other confounders and baseline values, in addition to the previously mentioned result, a significant reduction of
depression score was found in the placebo group in comparison to the zinc plus probiotic supplementation group
(-0.78£1.16 vs. 2.07 £1.53, p=0.004). Furthermore, the stress score was diminished significantly in both zinc
and placebo groups when compared to the zinc plus probiotic group (-2.88 +1.82 or —2.64 £ 1.49, respectively,
vs. 1.85+1.95, p=0.013). We found no significant effect of interventions on anxiety score compared to placebo.
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Variable Zinc group (n=28) | Zinc+ probiotic group (n=28) | Placebo group (n=28) | P-value
Sex, n (%) 0.990
Male 7 (25) 7 (25) 7 (25)

Female 21 (75) 21 (75) 21 (75)

Age (year) 39.50+12.03 37.07+11.18 39.50+11.34 0.662
Weight (kg) 67.27+£12.94 69.08+13.32 71.44+14.81 0.525
BMI (kg/m?) 25.33+£3.85 25.24+4.59 26.31+£4.95 0.614
Waist circumference (cm) 89.62+£10.64 91.35+12.89 93.46 +14.35 0.530
IBS subtype (%) 0.284
IBS-D 6 (21.4) 10 (35.7) 5(17.9)

IBS-C 14 (50) 8(28.6) 17 (60.7)

IBS-M 8(28.6) 9(32.1) 5(17.9)

IBS-U 0 (0) 1(3.6) 1(3.6)

IBS severity score (%) 0.063
Mild 1(3.6) 2(7.1) 6(21.4)

Moderate 12 (42.9) 8(28.6) 13 (46.4)

Severe 15 (53.6) 18 (64.3) 9(32.1)

Diseases history (%) 10 (35.7) 11 (39.3) 12 (42.9) 0.861
Dietary supplements use (%) | 14 (50) 14 (50) 19 (67.9) 0.299
Medications use

Antidepressants 11 (39.3) 9 (32.1) 14 (50) 0.391
Antispasmodics 5(17.9) 2(7.1) 6(21.4) 0.306
Antacids 8 (28.6) 8 (28.6) 10 (35.7) 0.800
Education level (%) 0.898
Under diploma 5(17.9) 3(10.7) 5(17.9)

Diploma 5(17.9) 4(14.3) 5(17.9)

University 18 (64.3) 21 (75) 18 (64.3)

Marital status (%) 0.173
Single 9(32.1) 15 (53.6) 7 (25)

Married 17 (60.7) 11 (39.3) 20 (71.4)

Divorced 2(7.1) 2(7.1) 1(3.6)

Table 1. Baseline characteristics of study participants. Values are reported as mean + SD and frequency n (%)
for quantitative and qualitative variables, respectively. P-value obtained from chi-square test for qualitative
variables and ANOVA for quantitative variables. BMI: body mass index; IBS-D: diarrhea predominant-irritable
bowel syndrome; IBS-C: constipation predominant-irritable bowel syndrome; IBS-M: irritable bowel syndrome
with mixed bowel habits; IBS-U: unsubtyped irritable bowel syndrome.

Effect of intervention on quality of life

Within- and between-group comparisons of quality of life and its subscales during the study are indicated in
Table 4. After 90 days, social reaction in all three groups (zinc, mean change: 12.26 +5.54, p=0.036; zinc plus
probiotic, mean change: 14.73 +6.52, p=0.032; placebo, mean change: 12.94+4.86, p=0.013) was significantly
improved. Also, a significant improvement was observed for dysphoria (mean change: 15.49+6.31, p=0.021),
interference with activity (mean change: 13.26+5.74, p=0.029), health worry (mean change: 15.77 +5.80,
p=0.011), and sexual worries (mean change: 18.30+7.67, p=0.024) in zinc plus probiotic group. Moreover,
in the placebo group, the relationship (mean change: 9.34+3.68, p=0.017) and body image (mean change:
14.95+4.58, p=0.003) were significantly ameliorated.

The between-group comparison demonstrated that zinc plus probiotic supplementation had no better effect
on body image compared to the placebo supplementation in a fully adjusted model (12.05+6.20 vs. 14.95+4.58,
p=0.031). There was no significant effect of zinc or zinc plus probiotic supplements on total quality of life and its
other subscales in comparison to the placebo.

Side effects
In this trial, just one patient in the zinc-probiotic co-supplementation group reported GI complications.

Discussion

Our study is the first study that investigates the co-supplementation of zinc and probiotics on inflammation, IBS
severity symptoms, QoL, and mood in patients with diagnosed IBS. The present study revealed that 20 mg of
elemental zinc, separately and in combination with 10° CFUs of probiotic, for 90 days, elevated serum zinc levels
and improved the severity of IBS symptoms compared with the placebo. In our study, fiber intake, particularly
after intervention with zinc supplement alone and with probiotics for 90 days, was slightly increased, which
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Variable Zinc group (n=28) | Zinc + probiotic group (n=28) | Placebo group (n=28) | P-value
Energy (kcal/day) 0.348
0 week 1749.13+£597.10 1959.64+603.89 1939.19+579.60

5 th week 1803.44+453.33 1937.60 +£552.30 1867.91+£631.28

12 th week 1715.45+773.85 1934.36 +£655.32 1989.43 +£665.27

Carbohydrate (g/day) 0.405
0 week 246.22+£90.24 283.25+103.36 280.01+£92.84

5 th week 255.70+81.05 277.85£92.99 278.59+100.67

12 th week 253.47+134.72 273.13+£92.57 284.10+£103.22

Protein (g/day) 0.819
0 week 64.71+£23.48 68.80+16.95 68.32+27.36

5 th week 68.10+19.87 67.31+£19.24 63.22+21.23

12 th week 62.28+£21.78 69.22£24.32 70.68 +£26.87

Total fat (g/day) 0.316
0 week 59.07+29.17 65.18+£27.76 64.05+22.66

5 th week 59.83+21.93 66.13+£27.13 59.04+22.64

12 th week 53.70+27.58 66.46 +32.59 66.83+30.15

PUFA (g/day) 0.591
0 week 17.01+£11.62 18.72+9.00 18.94+6.79

5 th week 18.21£9.31 18.28 +£8.66 17.37+£7.68

12 th week 16.24+10.19 19.04+11.10 20.46+12.29

Fiber (g/day) 0.544
0 week 12.01£6.71 14.75+8.29 13.30+£5.47

5 th week 13.21+£4.34 15.03+7.57 13.79+6.12

12 th week 15.62+12.15 16.09+£9.42 14.54+7.22

Vitamin C (mg/day) 0.791
0 week 83.58+£62.74 95.77 £54.09 88.86+48.27

5 th week 83.13+42.01 87.24+44.87 87.99+59.69

12 th week 104.61£76.30 112.99+83.47 110.33+£77.58

Zinc (mg/day) 0.956
0 week 7.55+3.45 7.55+2.30 8.09+3.70

5 th week 7.98+2.54 8.03+3.46 7.21+2.68

12 th week 7.63+3.60 8.00+3.24 8.55+3.24

Calcium (mg/day) 0.488
0 week 538.21+250.70 548.83+226.72 614.68+214.73

5 th week 563.34+193.19 581.51+251.15 580.68+281.12

12 th week 530.75+312.69 586.01+276.69 632.10+£210.95
Iron (mg/day) 0.640
0 week 11.11+£4.68 11.77+£4.49 14.67+8.73

5 th week 11.50+3.72 14.08 +6.21 12.28+6.93

12 th week 14.31£9.13 14.66+9.10 12.99+6.19
Copper (mg/day) 0.823
0 week 0.99+0.53 1.05+£0.45 1.05+£0.48

5 th week 1.17+£0.76 1.23+£0.43 1.02+0.44

12 th week 1.08+£0.84 1.09+0.66 1.09+0.57
PAL (MET-min/week) 0.007
0 week 496 (198-1038) 396 (121.50-1479.75) 215.50 (0-675.75)

5 th week 825 (378-1173) 1435 (470.62-2263.50) 576 (137.25-1739.47)

12 th week 480 (148.50-834) 1261.50 (275.62-2623.50) 193.25 (0-693)

Table 2. Dietary intakes and physical activity of the subjects at baseline and 5 and 12 weeks of intervention.
Values are reported as mean + SD or median (interquartile range) for variables with a normal or non-normal
distribution, respectively. P-values obtained from repeated-measure. PAL: physical activity level.

may indicate gut tolerance improvement following supplementation. However, this finding was not statistically
significant. In the context of mood states, depression and stress scores reduced after zinc or placebo supplement
use compared to zinc plus probiotic supplement. Also, zinc plus probiotic supplementation showed no better
effect on body image, as one of the quality of life subscales, compared to placebo during the intervention time.
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Zinc group Zinc + probiotic group | Placebo group
Variable (n=28) (n=28) (n=28) P-value® | P-value®
Serum zinc level (ug/dL) 0.004" | 0.008""
Baseline 84.68+1.96 79.09+3.24 87.24+1.89
Endpoint 91.04+2.01 92.12+2.23 85.47+2.23
Change 6.36+0.80 13.03+3.82 -1.76+1.82
P-value® 0.001 0.002 0.342
TNF-a (Pg/mL) 0.652 0.526
Baseline 188.67 +£5.82 194.24+7.77 195.41+7.07
Endpoint 72.45+6.81 81.11+9.30 85.15+10.15
Change -116.22+8.16 -113.13+12.14 -110.25+10.51
P-value® 0.001 0.001 0.001
IBS severity score 0.003"" | 0.034"
Baseline 314.28+£14.40 317.50+16.28 257.85+13.76
Endpoint 131.42+17.30 121.78 £16.90 184.64+15.15
Change —182.85+16.27 | —=195.71+23.46 ~73.21+£17.69
P-value® 0.001 0.001 0.001
Depression 0.014™" | 0.004™™
Baseline 14.07+2.15 13.14£2.06 10.64+1.46
Endpoint 10.37+1.74 15.21+£2.24 9.85+1.72
Change -3.62+1.46 2.07+1.53 -0.78+1.16
P-value* 0.020 0.187 0.506
Anxiety 0.279 0.159
Baseline 12.87+1.60 13.57+1.68 11.78+1.23
Endpoint 10.14 +1.60 13.78+1.77 10.50+1.76
Change -2.37+1.12 0.21+1.54 -1.28+1.21
P-value® 0.046 0.891 0.299
Stress 0.080 0.013™™
Baseline 20.28+2.12 19.57+1.74 19.21+£1.57
Endpoint 17.18+2.01 21.42+2.28 16.57£1.70
Change -2.88+1.82 1.85+1.95 -2.64+1.49
P-value® 0.125 0.350 0.088

Table 3. Within- and between-group comparisons of serum zinc level, inflammation, gastrointestinal
symptoms, and mood status during the 12-week intervention. Values are reported as mean + SE. ? Calculated
by paired-sample T-test. ® Calculated by ANCOVA adjusted for the baseline value of each variable. ¢ Calculated
by ANCOVA adjusted for the baseline value of each variable, physical activity, supplementation and medicine
(antidepressant, antispasmodic and antacid) use. * Significant difference between the zinc and the placebo
groups using the Bonferroni post-hoc test. ** Significant difference between the zinc + probiotic and the placebo
groups using the Bonferroni post-hoc test. * Significant difference between the zinc and the zinc + probiotic
groups using the Bonferroni post-hoc test.

Because of dietary restrictions for the management of GI symptoms in most IBS patients, nutrient
deficiencies such as zinc are probable among them!!. In our study, co-supplementation of zinc and probiotics
could increase serum zinc concentration twice that of zinc supplement alone. Furthermore, more relief of IBS
symptoms was observed in the zinc plus probiotics group. There are several possible mechanisms, including
improved zinc bioavailability, increased production of SCFAs, reduced leaky gut, anti-inflammatory synergy,
and microbiota modulation through probiotics (especially multi-strain formulations)*>**. The review by Wong-
Chew et al. highlighted the synergistic potential of zinc and Alkalihalobacillus clausii in gut health and immunity
promotion. This combination could manage acute diarrhea and antibiotic-associated dysbiosis in children up to
adolescence**. Moreover, Park et al. found that a blend of probiotics, rosavin, zinc, and prebiotics alleviated acute
colitis in mice by modulating the production of pro- and anti-inflammatory cytokines*®. Other studies have also
examined the effect of co-supplementation of vitamins or other trace elements with probiotics on GI problems.
A crossover randomized double-blind controlled trial by Bonfrate et al. on 25 IBS patients reported that the
novel formulation of Bifidobacterium longum BB536 and Lactobacillus rhamnosus HN001 with B6 vitamin can
improve symptoms and severity of disease, and restore IP, and gut microbiota?®. In another study, Zhu et al.
demonstrated that selenium-enriched Bifidobacterium longum DD98 restored gut microbiota in antibiotic-
disrupted mice through boosting antioxidants, increasing Lactobacillus, and suppressing pathogens?’.

In our study, reduction of TNF-a levels after 90 days in all three groups was observed, but the difference
between groups was not significant. This can be due to the almost identical significant reduction in TNF-a
levels in any three groups, even in the placebo group, but cannot be attributed to dietary modifications, as the
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Zinc group | Zinc + probiotic group | Placebo group
Variable (n=28) (n=28) (n=28) P-value® | P-value®
Total quality of life 0.681 0.238
Baseline 56.09+3.49 | 49.57+£4.87 64.31+4.58
Endpoint 60.69+4.48 | 59.53+£5.79 69.03+3.39
Change 5.32+5.33 |9.95+5.88 4.71+4.50
P-value® 0.328 0.102 0.305
Dysphoria 0.975 0.704
Baseline 50.80+4.69 | 47.00+5.58 60.59+5.24
Endpoint 62.18+5.71 | 62.50+6.58 67.88+4.63
Change 12.12+6.42 | 15.49+6.31 7.28£5.56
P-value® 0.070 0.021 0.202
Interference with activity 0.686 0.209
Baseline 48.21+£2.44 | 44.26+4.41 57.65+4.30
Endpoint 57.53+4.93 | 57.52+6.04 66.83+£3.23
Change 9.39+£5.12 | 13.26+5.74 9.18+4.79
P-value® 0.078 0.029 0.066
Body image 0.080 0.031"
Baseline 56.47+4.77 | 45.98+5.18 61.83+£4.75
Endpoint 64.58£4.88 | 58.03+5.56 76.78+3.14
Change 9.49+6.05 | 12.05+£6.20 14.95+4.58
P-value* 0.129 0.063 0.003
Health worry 0.817 0.773
Baseline 39.88+5.13 | 38.39+5.07 52.38+4.77
Endpoint 50.30+4.90 | 54.16+5.59 57.44+5.13
Change 10.49+6.28 | 15.77£5.80 5.05+5.18
P-value® 0.107 0.011 0.338
Food avoidance 0.928 0.714
Baseline 47.32+5.72 | 43.30+5.90 57.58+4.86
Endpoint 56.48+6.34 | 54.01+5.96 62.50+4.81
Change 10.18+7.06 | 10.71£5.25 4.91+6.53
P-value* 0.161 0.051 0.459
Social reaction 0.649 0.213
Baseline 54.46+4.85 | 48.66+4.93 60.49 £4.65
Endpoint 66.43+5.32 | 63.39+5.94 73.43+3.41
Change 12.26+5.54 | 14.73+6.52 12.94+4.86
P-value® 0.036 0.032 0.013
Sexual worries 0.378 0.361
Baseline 71.87+5.84 | 62.50£6.52 71.42+6.61
Endpoint 72.22+6.12 | 80.80+5.76 81.25+4.24
Change 1.38+7.79 | 18.30+7.67 9.82+7.64
P-value? 0.860 0.024 0.210
Relationship 0.803 0.234
Baseline 62.85+4.04 | 52.14+5.25 62.85+4.58
Endpoint 68.67+4.05 | 63.16+6.18 72.20+3.38
Change 6.94+4.84 11.02+5.41 9.34+3.68
P-value® 0.164 0.052 0.017

Table 4. Within- and between-group comparisons of quality of life and its subscales during the 12-week
intervention. Values are reported as mean + SE. *Calculated by paired-sample T-test. ®Calculated by ANCOVA
adjusted for the baseline value of each variable. ‘Calculated by ANCOVA adjusted for the baseline value of
each variable, physical activity, supplementation and medicine (antidepressant, antispasmodic and antacid)
use. "Significant difference between the zinc + probiotic and the placebo groups using the Bonferroni post-hoc
test.
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comparison of the three groups did not show any significant differences in dietary intakes during the time. Zinc
supplementation may reduce TNF-a levels by inhibiting nuclear factor-kB (NF-kB) activation and reducing
oxidative stress through cell membrane stabilization and antioxidant defense systems enhancement*®. Hosseini
et al, in a meta-analysis study on 21 clinical trials, showed that zinc supplementation was associated with
a significant reduction in TNF-a levels in adults®. Also, Jafari et al. in a 90-day randomized trial study on
young women with PMS who received 30 mg/day zinc gluconate revealed a reduction of CRP and IL-6 levels
as inflammation biomarkers®. Probiotic supplementation may reduce TNF-a levels by several mechanisms.
Probiotics may enhance the integrity of the intestinal barrier by increasing tight junction proteins expression
and limiting LPS translocation. Thereby, it can attenuate Toll-like receptor 4 (TLR 4)-mediated NF-«B activation
and subsequently decrease TNF-a production®. Moreover, some probiotics can promote anti-inflammatory
cytokines and regulate dendritic cell and macrophage responses, leading to TNF-a suppression®. In a recent
randomized, double-blind, controlled trial in severe traumatic brain injury patients, supplementation with
seven-strain probiotic capsules (Zist Takhmir, Iran) a day containing Lactobacillus (rhamnosus, casei, acidophilus,
bulgaricus) and Bifidobacterium (breve and longum) and Streptococcus thermophilus significantly decreased
serum TNF-a levels compared with placebo after two weeks of treatment®?. Another study reported that the
combined in ovo (injection into the egg before hatching) use of a multi-strain probiotic and zinc-glycine chelate
modulates the immune response and decreases pro-inflammatory cytokines (TNF-a)*%. A study by Mohammad
Malyar. et al. in 2019 found that zinc-enriched probiotics improved growth, antioxidant capacity, and immune
function in heat-stressed Wistar rats?®. Psychological modulation, stress reduction through diminishing stress
hormones, and awareness of being observed, which can lead to lifestyle change, may be underlying mechanisms
of the placebo effect™.

Depression, stress, and anxiety are prevalent in IBS patients and linked through the gut-brain axis, where
psychological distress exacerbates visceral hypersensitivity®®. The present study showed that supplementation
with zinc or a placebo could reduce depression and stress scores compared to zinc plus probiotics. This finding
may be due to a conflict of neurotransmitter effects; Zinc boosts serotonin, while some probiotics divert
tryptophan to non-mood pathways®”*8. Also, it is possible that probiotics supplement in some participants,
when introduced for the first time, activate mild mucosal immune responses, causing short-term GI discomfort
such as bloating and changes in bowel habits, which may have caused increased stress about GI symptom
exacerbation®. Although GI symptoms subsequently improved, this early discomfort might have prevented the
zinc and probiotics co-supplementation from showing a significant stress-reducing effect compared to the zinc or
placebo supplements. Zinc, as an antioxidant, can regulate neurotransmitters and prevent oxidative stress-driven
neuronal damage in the enteric nervous system®. Also, zinc may reduce stress and depression symptoms by
modulating glutamatergic neurotransmission through N-methyl-D-aspartate (NMDA) receptor inhibition and
enhancement of brain-derived neurotrophic factor (BDNF) signaling®’. A recent meta-analysis of randomized
clinical trials indicated that zinc supplementation can reduce the risk of and alleviate depression®2. Moreover, this
trace element had beneficial effects on physical and psychological symptoms in young women with premenstrual
syndrome™. In a randomized clinical trial of adults undergoing methadone maintenance treatment, daily zinc
supplementation for three months was associated with a significant reduction in depression, anxiety, and stress®.
We used microcrystalline cellulose as a placebo, which is a chemically inert, non-digestible excipient that is not
absorbed or systemically metabolized in humans and has no direct physiological effect®*. Placebo administration
may trigger dopamine and endogenous opioid release in the brain, improving mood and pain tolerance®. Also,
placebo-induced relaxation activates the vagus nerve, which inhibits inflammation in the gut mucosa®. It can
be hypothesized that the use of specific psychobiotic strains may exert more pronounced anti-stress and anti-
depressant effects compared with non-specific multi-strain probiotics; however, this hypothesis warrants further
investigation in future trials.

According to the studies, IBS patients have lower QoL than the general population®”. The IBS-QoL
questionnaire evaluates QoL across domains that reflect the main burdens of IBS, including emotional distress
(dysphoria), limitation of daily activity, food avoidance, health worry, social and relationship impacts, body
image, and sexual concerns?’. Our study revealed that social reaction was improved at the end of the study
compared to the baseline in all three groups. This improvement across all groups may partly reflect the well-
documented placebo response in IBS, where enhanced patient-provider interaction and regular follow-up
can positively affect psychosocial dimensions of QoL independent of intervention. Furthermore, a significant
improvement for dysphoria, interference with activity, health worry, and sexual worries was observed after
intervention with zinc plus probiotic supplementation. This finding may be partly explained by the role of zinc in
reducing neuroinflammation, together with probiotics’ capacity to regulate the gut-brain axis through immune
modulation, ultimately influencing psychological well-being®®®. We found that although co-supplementation
of zinc and probiotics after 90 days could marginally improve body image (p = 0.063), relationship (p = 0.052),
and food avoidance (p = 0.051), no better effect on body image was observed compared to the placebo. The zinc
and zinc plus probiotic group had a higher number of people with severe IBS at baseline. In comparison, the
placebo group included a higher number of IBS patients with moderate symptom severity. This difference was
marginally significant (p = 0.063). This can be the reason for the lack of significant effect of the intervention
groups on the quality of life and its subscales compared to the placebo group. Our previous case-control study
showed that dietary zinc intake was positively correlated with psychological health in the healthy controls and
with body image in the diarrhea-predominant IBS patients?. A recent study illustrated that three months of
supplementation with probiotics (4.5 x 10 ! CFUs of a combination of Lactobacillus plantarum, Lactobacillus
paracasei, Lactobacillus acidophilus, Lactobacillus bulgaricus, Bifidobacterium infantis, Bifidobacterium longum,
Bifidobacterium breve, and Streptococcus thermophiles, 2 times/day), alone or in combination with 25 mg zinc,
enhanced health-related quality of life in patients with cirrhosis®. Furthermore, zinc supplementation for three

months had a positive effect on physical aspects of quality of life in women with premenstrual syndrome”".
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As physical activity is a potentially important behavioral factor that can affect clinical symptoms, metabolic
and gut-brain interactions in IBS, we measured physical activity at baseline, mid-intervention, and the end of
the study”!. In our study, physical activity levels were significantly different between groups. Therefore, physical
activity was considered a potential confounder and adjusted in the ANCOVA model to control for its possible
effect on outcomes. Controlling for this confounder strengthens the internal validity of the results.

To the best of our knowledge, the current study is the first randomized controlled trial investigating the
efficacy of zinc supplement alone or in combination with probiotics on inflammation, IBS severity symptoms,
QoL, and mood in IBS patients. Also, we used a safe and tolerable dose of zinc and probiotics’>. However, some
limitations of our study should be addressed. Although the sample size was determined a priori and considered
sufficient to detect the primary outcome, its relatively modest size may limit the ability to detect smaller effect
sizes and reduce the findings generalizability. Randomization based on age and BMI, in addition to sex, could
have further balanced the groups, but it was not feasible given practical constraints and the modest sample size.
Also, the lack of a probiotics-only intervention group may be considered a limitation; however, the study was
specifically designed to evaluate the independent and combined effects of zinc supplementation. Moreover, there
were funding limitations; therefore, the gut microbiota composition and IP were not assessed.

Conclusion

A 90-day zinc supplementation, alone or with a probiotic, could improve serum zinc levels and the severity of
GI symptoms in IBS patients. Also, zinc supplement compared to the combination of zinc and probiotic, had a
favorable effect on depression and stress symptoms. Therefore, supplementation with zinc or zinc plus probiotics
may be an effective adjuvant therapy for IBS, whereas the role of probiotics in improving mood-related outcomes
remains unclear. It seems that future studies with a higher dose of the aforementioned supplements with other
probiotic strains that can be more focused on mental health and a larger sample size are needed to confirm the
results of this study.
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