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ABSTRACT
Background: It has been shown that dysbiosis might have a role in developing of chronic
inflammation and depression. In this study, we are interested in exploring of anti-inflammatory
and anti-depressant effects of Lactobacillus Rhamnosus G (LGG), a probiotic strain, alone or in
combination with a prebiotic, Inulin, in patients with coronary artery disease (CAD).
Methods: This randomized, double-blind clinical trial was held on 96 patients with CAD. Patients
were randomly allocated into four different groups: LGG [a capsule/day, contained 1.9 x 10°
colony-forming unit of Lactobacillus Rhamnosus G], inulin (15 g/day), co-supplemented (LGG
and inulin), and placebo. Participants consumed the supplements for two months. Beck
Depression Inventory (BDI), MacNew questionnaire and Spielberger state-trait anxiety inventory
(STAI-Y) were used to assess depression, quality of life and anxiety, respectively. Serum levels of
C-reactive protein (hs-CRP), lipopolysaccharide (LPS), tumor necrosis factor (TNF)-a, and
Interleukin (IL)-10 were also measured.
Results: Probiotic-Inulin Co-supplementation significantly decreased BDI (—11.52 +0+3.20 vs.
+2.97+0.39, P=0.001), STAl-state (—17.63+3.22 vs. —0.60+0.33, P=0.021), and STAl-trait
(—24.31£7.41 vs. —1.45 £ 0.66, P =0.020) scores, hs-CRP (—1.69 £ 0+66 vs. +0.82 = 0.39 mg/dL, P
=0.020), LPS (-22.02+5.40 vs. +0.31£0.18 (EU/L), P=0.047), and TNF-a (—25.05+7.41 vs.
+0.79 £0.71 (ng/L), P=0.032) in comparison to placebo.
Conclusion: Co-supplementation of probiotics and inulin in CAD subjects for eight weeks had
beneficial effects on depression, anxiety, and inflammatory biomarkers. Adding inulin to
probiotic supplements improved psychological outcomes and inflammatory biomarkers more
effectively than two supplements separately.

Trial registration: Iranian Registry of Clinical Trials identifier: IRCT20180712040438N4..
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Introduction However, there is no appropriate treatment for this

Depressive symptoms may unfavorably affect the car- ~ circumstance. Although antidepressants effectively

diovascular disease (CVD) prognosis and increase the
risk of morbidity and mortality [1]. Pooled estimates
suggested that the prevalence of depression symptoms
ranged from 17% to 27% among coronary artery
patients [2]. Depression is a risk factor for myocar-
dial infarction and cardiac mortality [3]. Another
psychological factor related to CVD is anxiety,
which might be alongside depression symptoms or
just by itself [4]. Whatsoever its severity, depression
is concomitant with low quality of life (QOL), a sig-
nificant risk factor for poor medicine adherence [2,3].

improve depressive symptoms in subjects with coron-
ary artery disease (CAD), various side effects and
drug interactions significantly limited their clinical
prescriptions [5].

In recent years, it has been shown that gut microbiota
status would be a modifiable risk factor for depression,
and some clinical and epidemiologic studies have deter-
mined a link between gut microbiota and mental health,
especially depression [6]. One of the major topics in this
field is probiotics, which would positively affect CVD
and depression [7,8].
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Chronic inflammation has been determined as a
critical risk factor for CVDs and depression [9]. The
link between inflammation and CVD development is
well-established, and clinical trials propose that this
relationship is imminent [10-12]. Researchers focused
on the role of gut microbiota alteration (dysbiosis) as
one of the major etiological factors that are complicated
in developing many inflammatory diseases such as CVD
and depression [13]. Gut barrier breakdown leads to
intestinal permeability increase, bacteria and micro-
biome-derived lipopolysaccharide (LPS), a component
in the outer membrane of gram-negative bacteria, trans-
location into the systemic circulation, and immune-
inflammatory system activation [14,15].

Probiotics are defined as the live microorganisms
that confer a beneficial effect on the host’s health [16].
Probiotics preserve the integration of gut barrier func-
tion and decrease intestinal permeability, which conse-
quently declines endotoxin levels [17]. Probiotics
demonstrate anti-obesity and anti-inflammatory activi-
ties [7,18]. Recent evidence has proposed that lactobacil-
lus rhamnosus HNO0O1 as a probiotic improves the
psychological state of clinical populations with altered
microbiota balance [19]. Prebiotics, like short-chain
carbohydrates and inulin, in the colon act as substrate
for the endogenous colonic bacteria such as bifidobac-
terium and lactobacillus. Consumption of prebiotics
increases the proportion of beneficial bacteria in the
gut microbiome [20].

Previous studies have revealed the positive effect of
probiotics in the treatment and control of depression.
However, to the best of our knowledge, it might be
small or even no randomized controlled trials regarding
co-supplementation of inulin as prebiotic with lactoba-
cillus rhamnosus as probiotic on chronic inflammation,
level of microbial translocation, depression symptoms
and anxiety in patients with CAD. Therefore, the cur-
rent study aimed to determine the effects of inulin, the
probiotic, and their co-administration on the beck
depression inventory (BDI) score, anxiety, and QOL
as a primary outcome, and the chronic inflammation,
endotoxemia (as indexed by high LPS) as secondary
outcomes in adults with CAD.

Materials and methods
Subjects

In this trial, we selected 116 eligible subjects referred to
the Imam Ali Cardiovascular Hospital in Kermanshah
University of Medical Sciences, Kermanshah, Iran. Sub-
jects were 18-85 years old patients with CAD who
agreed to participate in the study. The subjects with

end-stage renal disease, undergoing corticosteroid,
immunosuppressive, anti—inﬂammatory, or anti-
depressant drugs; a history of dietary supplements
including Pre/Pro-biotics, antioxidants, or vitamins at
least two months prior were excluded from the study.
For ethical reasons, participants were allowed to take
routine medications, i.e. Cholesterol-modifying medi-
cations, Aspirin, beta-blockers, Plavix, and Angioten-
sin-converting enzyme. However, they were not
permitted to take antioxidants and/or vitamin sup-
plements throughout the study. Participants signed an
informed consent form before the study. Our study
was in arrangement with the Helsinki Declaration of
the World Medical Association and was confirmed by
our local ethics committee of Kermanshah University
of Medical Sciences (IR.KUMS.REC.1398.1065) and
verified in the Iranian Registry of Clinical Trials
(IRCT20180712040438N4).

We calculated the sample size according to mean
reduction in BDI score, a 10% plausible for loss of follow
up, and power of 80%. The calculated sample size was 24
subjects for each of the four groups; overall, 96 partici-
pants were included.

Randomization and intervention

This study was a double-blind, four-arm parallel ran-
domized controlled trial. We used random allocation
software to randomize participants in groups. The ran-
dom sequence was preserved and managed by an inde-
pendent third party who was not aware of the clinical
process until the end of the study.

Patients assigned in four groups; (1) prebiotic group
(one sachet containing 15 g inulin per day), (2) probio-
tic group (one capsule contained 1.9 x 10° colony-form-
ing unit (CFU) of L. rhamnosus per day), (3) co-
supplemented group (both inulin and L. rhamnosus),
(4) placebo group (a sachet and a capsule filled with
maltodextrin). The intervention has been taken for
two months. Phone contacts were made every two
weeks to check adherence of the study. Compliance
with capsules was checked by requesting participants
to return the medication containers. The patients have
the right to stop the trial if they feel inconvenient, are
unwilling to complete the study, or experience any
adverse effect during the supplementation.

Dietary intakes

Dietary consumption was accomplished using a 24
recall at weeks 0 and 8 of intervention. The Nutritionist
IV software synced for x diets used to obtain nutrients
and calorie intake of participants.



Physical activity assessment

The physical activity level was measured using the vali-
dated short-form International Physical Activity Ques-
tionnaire (IPAQ) and classified as low, moderate, and
high.

Assessment of anthropometric indices

A scale measured bodyweight with a minimum dress
and without shoes with 0.1 Kg accuracy (Seca, Ham-
burg, Germany). Height was measured without shoes
by a tape with 0.5 cm accuracy. BMI was calculated by
dividing weight (Kg) by height® (m).

Biochemical variables

After 12 h of fasting, blood was collected and centri-
fuged at 2500 rpm for 10 min. Interleukin (IL)-10,
tumor necrosis factor-alpha (TNF-a), and lipopolysac-
charides [(LPS), a marker of gut permeability] have
been measured using enzyme-linked immunosorbent
assay (ELISA) kits. High sensitivity C-reactive protein
(hs-CRP) levels in serum were evaluated by immuno-
turbidimetry. Lipid profile enclosing total cholesterol
(TC), triglyceride (TG), and high-density lipoprotein
cholesterol (HDL-C) levels were assessed by enzymatic
kits (Pars Azmun, x), and low-density lipoprotein
cholesterol (LDL-C) was calculated by Friedewald for-
mula. Fasting blood sugar (FBS) level was measured
via the glucose oxidize technique (Pars Azmun, Xx).
These measures were obtained at baseline and after
eight weeks’ follow-up.

Blood pressure

Diastolic blood pressure (DBP) and systolic blood
pressure (SBP) were assessed after 5 min of rest in a sit-
ting position by an automatic oscillometric maneuver
(Omron Healthcare Co, Ltd) before and after the
intervention.

Psychological assessment

The beck depression inventory-II (BDI-II) is used in
most clinical conditions for identifying depression.
The BDI-II contains 21 questions; each question can
take a score from 0 to 3 so that the higher total scores
display severe depressive symptoms. The standardized
cut-off points are as follows: 0-13: minimal depression,
14-19: mild depression, 20-28: moderate depression,
29-63: severe depression [21]. In the present study,
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based on the BDI-II scores, patients were categorized
into two groups: depressed or non-depressed.

The QOL was measured using the MacNew question-
naire consisting of 27 questions in three domains: physical,
social, and emotional. Items were scored on a 7-point scale
so that the higher scores indicate the better QOL. The Mac-
New total score is calculated by submitting each subscale
score; total scores ranged from 27 to 189 [22].

Anxiety was measured by Spielberger state-trait
anxiety inventory form Y (STAI-Y). This scale contains
two units for each collection of 20 questions. The first
part measures state anxiety (i.e. how patients feel
when completing the questionnaire), and the second
part assesses trait (habitual) anxiety. The answers are
counted based on the Likert scale ranged from 1 to
4. Total scores are the sum of the two sections. The val-
idity and reliability among Iranian populations have
been approved. Anxiety is defined as a feeling of stress,
worry, discomfort by CAD patients [23].

Statistical analysis

We analyzed data via SPSS software (version 21; SPSS
Inc., Chicago, IL), and the outcomes were stated as
mean + SD. For all statistical tests, a P value less than
0.05 was interpreted as statistically significant. To find
out the normal distribution of variables, we utilized
the skewness and kurtosis test. The log-transformation
was used to deal with skewed data. Mean imputation
was used for missing values [24]. The analyses were con-
ducted using an intention-to-treat approach [25]. In this
study, we used one-way ANOVA for comparison
between groups in the baseline phase, and post hoc
was done with LSD methods. Paired samples t-test
applied for within-group comparisons (endpoint vs.
baseline). Also, pairwise comparisons with adjustment
for multiple comparisons (Bonferroni) were made if
the one-way ANOVA was significant. After the inter-
vention, we used the ANCOVA analysis to compare
the four groups’ differences and adjusted confounders
and baseline biomarkers/psychological questionnaires
using Sidak’s method. For evaluating the clinical impor-
tance of probiotic administration, the number needed to
treat (NNT) was calculated via the inverse of the Absol-
ute Risk Reduction (ARR and according to >3 points
reduction in BDI score [26]).

Result
Baseline

Figure 1 summarizes the findings and contributions.
From a total 96 patients, 88 of them completed the
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[ Enrollment

Assessod for eligibility (n= 116)

Excluded (n=20)

*  Not meeting inclusion criteria (o=13)

* Declined to participate (n=T)

Randomized (n=96)

|

[ |

l

Probiotics group (n= 24)
Received one tablet
containing rhamnosus
contained 1.9% 10" colony-

forming unit (CFU) per day

Inulin group (o= 24)
Received one sachet
containing 15 mg Inulin
per day

Probiotic* loulin group (n- 24)
Received one tablet Probsotics +
one sachet containing |5 mg Inulin
per day

Placebo group (n= 24)
Received tblet like Probiotics
and sachet like Inulin filled
with com starch

(ririr

v

Follow Up Periods: 2 Moaths
Lost 10 follow up (n~2)

Completed: n=22

|

Follow Up Periods: 2 Months
Lost to follow up (n=2)

Completed: n=22

Follow Up Penods: 2 Months
Lost to follow up (e=2)

Completed: n=22

Follow Up Periods: 2 Months
Lost 1o follow up (n=2)

Completed: n=22

| |

Analysis

) |

|

Analyzed (n=24) based on
Intention-to-treat analysis

Analyzed (n=24) based on
Intention-to-treat analysis

Analyzed (n=24) based on
Intention-to-treat analysis

Analyzed (n=24) based on
Intention-to-treat analysis

Figure 1. Flowchart of study.

trial (Probiotics group, n=22; Inulin group, n=22;
Probiotics plus Inulin group, n=22; placebo group,
n=22). Based on the intention-to-treat (ITT) analyses
included all participants (n=96). Table 1 represents

(p =0.153). Baseline parameters were normally distrib-
uted throughout the study population, and there was
no statically significant difference in the history of
depression, sex, physical activity and education levels

the patients’ baseline characteristics. Participants’  in four study groups (p > 0.05). Based on the residual
mean age was 51.25 (13.22) years, and there was no  tablets in the bottle, contributors have 80%
significant difference in age between the four groups compliance.

Table 1. Baseline characteristics of the study subjects.

Variable® Probiotic group (n=24) Inulin group (n=24)  Probiotic+ Inulin group (n=24)  Placebo group (n=24) P-value®
Age (years)® 51.25 £12.66 52.18 (12.78) 49.12 (11.22) 51.82 (12.22) 0.153
Men, n (%) 15 (62) 12 (50) 15 (62) 16 (66) 0.891
Family history of depression® 2 (1.00-4) 1 (1.00-5) 3 (1.00-5) 3 (1.00-7) 0.586
Smoking 5 (20) 4(16) 7 (28) 3(12) 0.624
Physical activity N (%)

Low 18 (81) 16 (72) 17 (77) 17 (77) 0.473
Moderate 3(13) 5 (20) 4(18) 3(13)

High 1(4) 1(4) 2(8) 2(8)

Education N (%)

Illiterate 0(0) 3 (13.5) 1(4.5) 1 (4.5) 0.498
Diploma and lower 20 (90) 18 (72) 18 (72) 21 (94.5)

Bachelors and higher 2(9) 1(4.5) 3 (13.5) 0 (0)

Compliance Rate (%) 91 80 75 90 0.565

Values are expressed as frequency (%).
5Values are expressed as mean (SD) and P-value based on One-Way ANOVA.

“Values are expressed as median (percentile 25-75) and P-value based on Kruskal-Wallis H test.

dChi-square test.



Anthropometric indices and dietary intakes

Table 2 presents the data about dietary intakes and
anthropometric indices. At the end of the study, there
was no statistically significant difference between the
groups for all anthropometric indices (p > 0.05). Simi-
larly, the weight changes were not statistically significant
comparing the four groups (P =0.792).

Based on the 3-day dietary records, there were no sig-
nificant changes in dietary macro- and micro-nutrient
intakes. On the other hand, total energy and fat intakes
decreased by the end of the intervention in the Probio-
tics + Inulin combination vs. placebo (—66.02 + 20.66
vs. —58.5 £ 35.39 calorie, P = 0.150), while it was not sig-
nificant compared to the baseline (P > 0.05).

Fasting blood sugar, lipid profile and blood
pressure

After supplementation, there were no significant
changes in FBS, total cholesterol, LDL-C, TG, HDL-C,
DBP and SBP within groups. After adjusting for the
cofounders (Adjusted for baseline values, age, and
sex), we did not see any significant change in all groups’
lipid profiles. Probiotic-Inulin co-supplementation
decreased SBP (—7.42 vs. —4.45 mm/Hg, P=0.473),
TG (—38.80£5.40 vs. +3.22+1.18 mg/dl, P=0.269),
and Cholesterol (—26.14+9.21 vs. +16.22 +7.81 mg/
dL, P=0.358) compared with the placebo. So, taking
Probiotics and /or prebiotic did not significantly affect
metabolic indices compared with the placebo (Table 3).

Inflammatory markers

Baselines levels of inflammatory biomarkers and LPS
are presented in Table 4. We perceived no significant
differences in serum concentrations of hs-CRP, LPS,
TNF-a, and IL-10, between four intervention groups
at the starting point of the study. After adjustment for
baseline levels and confounding factors (age and sex),
we determined a significant reduction in LPS, and
TNF-a levels in the probiotic compared with placebo
(p=0.014, p=0.030, respectively). Moreover, in the
Probiotic-Inulin group compared to baseline, hs-CRP,
LPS, and TNF-a levels have significantly changed (p =
0.002, p =0.003, p = 0.002, respectively). After interven-
tion, Probiotic-Inulin co-supplementation significantly
decreased serum hs-CRP (—1.69 + 0.66 vs. +0.82 + 0.39
mg/dL, P=0.020), LPS (—22.02 £5.40 vs. +0.31 £0.18
(EU/L), P=0.047), and TNF-a (-25.05+7.41 vs.
+0.79+£0.71 (ng/L), P=0.032) concentrations com-
pared with the placebo. We did not perceive any signifi-
cant change in IL-10 concentration in Probiotic-Inulin
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supplementation (10.10+3.45 vs. —0.59+0.66, P=
0.453). From the results, the Probiotics + Inulin combi-
nation could be a possible approach in ameliorating
chronic inflammation and endotoxemia (LPS).

Psychological outcomes

Table 5 represents the results for psychological out-
comes: anxiety, depression, and QOL. The BDI and
STAI-trait scores significantly decreased in probiotics
groups (p =0.001, p =0.006, respectively) compared to
the baseline. We also have found that adding Inulin to
probiotic amplified the improvement of psychological
outcomes more than either Inulin or probiotics alone.
Probiotic-Inulin  co-supplementation  significantly
decreased BDI (—11.52+0+3.2 vs. +2.97+0.39, P=
0.001), STAI-state (—17.63+3.22 vs. —0.60%0.33
mmol/L, P=0.021), and STAI-trait (—24.31 +7.41 vs.
—1.45+0.66, P=0.020) scores compared to placebo,
while there were no significant effects for MacNew
score.

NNT was calculated via a standard method, concern-
ing >3 points reduction in BDI score. Accordingly, for
Probiotics, Inulin, and probiotics + Inulin, the calcu-
lated NNT for 8-weeks supplementation to reach a
minimum decrease of three points on BDI score were
7, 10, and 5 respectively (p = 0.044) (Figure 2).

Discussion

The current study demonstrated that supplementation
of Inulin with the Lactobacillus Rhamnosus decreases
inflammation, depression, and anxiety in CAD patients
compared to other study groups. In comparison, no
changes have been seen in QOL after the intervention.
Furthermore, the supplementation of Lactobacillus
Rhamnosus alone leads to decrease scores of BDI and
STAI-trait. Also, among measured inflammatory mar-
kers, hs-CRP, LPS, and TNF-a were decreased signifi-
cantly after administration of Inulin with the
Lactobacillus Rhamnosus.

To best our knowledge, the present randomized trial
study was the first study that evaluated the effects of
Inulin and the Lactobacillus Rhamnosus on inflamma-
tory markers, depression, and anxiety in CAD patients.
Previous studies have confirmed that CAD patients
experience some degree of depression and anxiety so
that the conditions can reduce the QOL of the patients
[3,27,28]. Since depression and anxiety can increase the
risk of sudden death, stroke, and overall mortality
[27,29], dietary interventions reduced depression and
anxiety, especially in CVDs patients.
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Table 2. The effect of Probiotic and Inulin supplementation on the some anthropometric and dietary indices in this study.

Variable Probiotic group (n = 24) Inulin group (n = 24) Probiotic+ Inulin group (n =24) Placebo group (n=24) P-value

Weight (kg)
Before 81.27 (12.96) 79.22 (11.42) 78.48 (9.96) 80.46 (10.70) 0.844°
After 77.25 (11.86)* 77.36 (13.06)** 78.89.12 (12.86) 79.10 (11.65) 0.792°
MD, p© —4.02, 0.555 -1.86, 0.117 0.35, 0.656 —1.54, 0.064

BMI(kg m™2)
Before 28.55 (6.90) 27.64 (4.46) 27.59 (5.00) 26.84 (3.11) 0.998°
After 26.88 (7.17) 27.18 (7.96) 27.79 (8.63) 26.12 (4.89) 0.664°
MD, p© 1.67, 0.080- —0.48, 0.145 0.20, 0.250 —0.72, 0.094

WC (cm)
Before 96.33 (6.51) 94.10 (8.18) 96.55 (8.53) 95.73 (4.68) 0.998°
After 93.66 (6.91) 92.22 (7.66) 95.14 (8.15) 94.10 (4.45) 0.857°
MD, p© —2.71, 0.065 -1.90, 0.158 1.45, 0.182- —1.63, 0.189

Energy(kcal/day)
Before 1820.39 (210.94) 1803.05 (290.52) 1685.75 (343.96) 1783.58 (173.154) 0.345
After 1726.48 (188.57) 1654.44 (157.48) 1619.70 (194.10) 1724.71 (188.56) 0.150
MD, p© —93.90, 0.200 —148.61, 0.047 —66.05, 0.454 —58.87, 0.388

Carbohydrate (g)
Before 292.42 (65) 286.38 (56.13) 272.21 (52.59) 295.85 (69.16) 0.041°
After 279.29 (44.30) 262.58 (47.53) 245.02 (55.50) 283.96 (45.75) 0.604°
MD, P-value® —13.12, 0.446 —23.80, 0.023 -27.19, 0.015 —11.89, 0.483

Protein (g)
Before 63.92 (20.36) 62.85 (19.75) 60.01 (21.61) 64.48 (20.22) 0.895
After 67.45 (19.64) 67.84 (17.61) 68.64 (17.77) 66.92 (19.81) 0.992
MD, P-value® 3.52,0.311 4.98, 0.090 8.63, 0.09 2.44, 0.482

Fat (g)
Before 67.23 (25.63) 70.96 (22.01) 67.81 (23.53) 65.78 (25.59) 0.807°
After 65.56 (23.78) 68.80 (21.58) 63.15 (23.08) 63.15 (23.08) 0.911°
MD, P-value® —1.66, 0.791 —2.16, 0.667 —4.98, 0.348 —2.63, 0.674

Dietary Fiber(g)
Before 18.86 (7.66) 19.33 (6.91) 20.91 (7.44) 18.88 (7.75) 0.654
After 21.30 (11.07) 22.10 (8.93) 22.95 (9.35) 20.16 (11.04) 0.556
MD, P-value® 1.46, 0.321 243,0.124 2.05, 0.156 1.28, 0.375

Magnesium (mg)
Before 220.04 (73.92) 222.15 (63.32) 213.57 (72.63) 219.85 (73.96) 0.982
After 215.50 (58.06) 219.75 (51.97) 221.92 (56.90) 215.75 (58.01) 0.977
MD, P-value® —4.54, 0.771 —2.40, 0.848 8.34, 0.582 —4.09, 0.793

Zinc (mg)
Before 7.72 (2.52) 7.66 (2.21) 7.35 (2.39) 7.83 (2.49) 0.926
After 7.47 (2.52) 7.78 (2.25) 7.47 (2.52) 7.92 (2.24) 0.901
MD, P-value® —0.24, 0.613 0.11, 0.769 0.57, 0.207 —0.35, 0472

MD: mean difference, Values are expressed as mean (SD).

In each row, mean value with different superscript letters are significantly different (P < 0.05).

?One-Way ANOVA.

PAdjusted for baseline values, age and sex using the analysis of covariance (ANCOVA) test.

“Paired-samples t-test.

Our findings indicated that co-administration of Inu-
lin with the Lactobacillus Rhamnosus significantly
decreases depression and anxiety in CAD patients.
Akkasheh et al. [30] reported that probiotic supplemen-
tation in patients with severe depression decreased
scores of BDI (P=0.001). Another clinical trial study
by Slykerman et al. [19] showed that probiotics (Lacto-
bacillus Rhamnosus HN001) supplementation decreased
depression (P =0.037) and anxiety (P=0.014) in post-
partum. Similar to our findings, Haghighat et al. [31]
reported that synbiotics supplementation had a signifi-
cant effect on reducing depression and anxiety symp-
toms compared to probiotics supplementation in
patients undergoing hemodialysis. Also, Ghorbani
et al. [32] observed a significant decrease in depression
symptoms in depressed patients treated by synbiotic for
ten weeks (P=0.013). Nevertheless, results from a

systematic review and meta-analysis of 12 randomized
controlled trials in 2019 showed that probiotic sup-
plementation did not change the score of BDI (WMD:
—11.17; 95% CI: —24.99, 2.65) [33]. However, another
systematic review and meta-analysis on 34 randomized
controlled trials in 2019 regarding the effects of prebio-
tics and probiotics on depression anxiety [11] showed
that prebiotics had no effects on depression (P=0.51)
and anxiety (P=0.11), while probiotics supplemen-
tation improved depression (P=0.01) and anxiety (P
=0.03). A meta-analysis of the effects of synbiotics on
depression showed no evidence, and more clinical trials
are needed in this field [7]. Compared with placebo,
probiotics + Inulin showed greater improvement in
depression scores (number needed to treat [NNT] = 5;
95% confidence interval [CI], 3-7). After calculation
of the NNT, we also have found that adding Inulin to
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Table 3. Comparison of FBS, lipid profiles and blood pressure within and between groups.

Variable Probiotic group (n = 24) Inulin group (n =24) Probiotic+ Inulin group (n = 24) Placebo group (n =24) P-value

SBP (mmHg)
Before 127.86 (19.34) 125.68 (18.98) 121.90 (17.42) 127.41 (18.65) 0.717°
After 120.23 (13.66) 118.36 (15.03) 114.48 (25.70) 122.95 (15.09) 0.473¢
GMD, p° —7.63, 0.015 —7.31, 0.061 —7.42,0.287 —4.45,0.164

DBP (mmHg)
Before 81.86 (11.72) 84 (13.43) 80.33 (13.66) 81.77 (17.66) 0.867°
After 77.64 (8.42) 81.32 (12.40) 79.71 (13.76) 83.41 (24.36) 0.670¢
GMD, p° —4.22, 0.051 —2.68, 0.246 —-0.61, 0.00 1.63, 0.568

FBS (mg/dl)
Before 119.09 (58.52) 121.77 (62.01) 108 .76 (28.32) 132.59 (79.73) 0.639°
After 12 (14.40) 99.23 (24.15) 99.95 (30.26) 125.91 (57.02) 0.360°
GMD, p° —17.09, 0.194 —22.54, 0.099 —8.81, 0.158 —6.68, 0.454

LDL (mg/dl)
Before 91.54 (32.18) 98.25 (33.50) 91.18 (48.49) 101.53 (50.29) 0.808¢
After 70.05 (41.15) 87.01 (46.52) 67.61 (44.37) 76.31 (35.76) 0.436¢
GMD, p° -21.49, 0.076 —11.23, 0.411 —23.56, 0.140 —25.21, 0.081

TG (mg/dl)
Before 173.40 (50.39) 167.59 (47.93) 162.61 (55.16) 172.95 (55.64) 0.894°
After 154.86 (54.97) 149.13 (53.09) 123.80 (90.96) 169.72 (97.30) 0.269¢
GMD, p° —18.54, 0.090 —18.45, 0.173 —38.80, 0.081 -3.22, 0.872

Total Cholesterol(mg/dl)
Before 167.50 (27.52) 173.32 (30.28) 176.19 (41.52) 164.14 (29.45) 0.611°
After 139.89 (42.84) 158.41 (50.83) 150.05 (94.19) 180.36 (103.60) 0.358¢
GMD, p° —27.63, 0.018 —14.90, 0.279 —26.14, 0.233 16.22, 0.501

HDL (mg/dl)
Before 41.27 (5) 41.54 (7.17) 41,90 (7.16) 41.77 (5.53) 0.988°
After 42.77 (4.84) 44.54 (8.45) 4523 (9.12) 41.81 (8.83) 0.476¢
GMD, p° 1.50, 0.278 3,0.176 3.33,0.167 0.045, 0.985

Values are expressed as geometric mean (minimum, maximum) and the p-values are estimated after log-transformation. In each row, mean value with different

superscript letters are significantly different (P < 0.05).
?Paired-samples t-test.
One-Way ANOVA.

“Adjusted for baseline values, age and sex using the analysis of covariance (ANCOVA) test.

probiotic amplified the improvement of psychological
outcomes more than either Inulin or probiotics alone.
There is a connection between the brain and the gut
microbiota through the microbiome-gut-brain axis that
the immune system, neuroendocrine, Short-chain fatty
acids (SCFAs), tryptophan, the enteric nervous system,

the vagus nerves, and the gut microbiota contribute in
this pathway [19]. Shreds of evidence showed that pre-
biotics and probiotics administration have an effect on
mood and psychological disorders [18,30]. Gut micro-
biota dysbiosis also may contribute to depression. Dys-
biosis disturbs blood-brain-barrier function and

Table 4. Comparison of inflammatory markers, and level of microbial translocation (LPS) within and between groups.

Variable Probiotic group (n =24) Inulin group (n = 24) Probiotic+ Inulin group (n=24) Placebo group (n=24) P-value

Hs- CRP (mg/dL)
Before 3.20 (1.68) 3.30 (2.03) 3.00 (1.82) 2.73 (1.81) 0.746°
After 2.90 (2.93) 3.75(3.25) 1.31(0.98) 3.55(3.34) 0.020°
GMD, p© —0.30, 0.662 0.45, 0.572 —1.69, 0.002 0.82, 0.315

IL-10 (ng/L)
Before 92.61 (24.73) 92.40 (25.04) 90.63 (19.48) 93.00 (11.36) 0.983°
After 95.33 (16.44) 92.78(21.85) 100.74(24.88) 92.41(10.11) 0.453°
GMD, p© 2.71,0.54 0.37, 0.962 10.10, 0.146 —-0.59, 0.711

LPS (EU/L)
Before 24.05 (10.64) 25.54 (16.95) 33.35(25.58) 26.96 (20.10) 0.407°
After 18.27 (5.88) 23.68(11.91) 11.33 (4.97) 27.27(30.06) 0.047°
GMD, p© —5.78,0.014 —1.86, 0.656 —22.02, 0.003 0.31, 0.603

TNF-alpha (ng/L)
Before 28.60 (20.82) 29.41 (23.58) 36.70 (29.10) 30.53 (25.55) 0.6980%
After 18.27 (5.88) 23.68(11.91) 11.65(11.34) 31.33(41.12) 0.032°
GMD, p© —10.33, 0.030 —5.73,0314 —25.05, 0.002 0.79, 0.942

GMD: Geometric mean difference, LPS: Lipopolysaccharides, Hs-CRP: high-sensitivity C-reactive protein, TNF- alpha: tumor necrosis factor alpha, Values are
expressed as geometric mean (minimum, maximum) and the p-values are estimated after log-transformation.
In each row, mean value with different superscript letters are significantly different (P < 0.05).

?One-Way ANOVA.

PAdjusted for baseline values, age and sex using the analysis of covariance (ANCOVA) test.

“Paired-samples t-test.
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Table 5. Effect of probiotic supplementation on quality of life, BDI score and STAI-Y scales within and between groups.

Variable Probiotic group (n = 24) Inulin group (n =24) Probiotic+Inulin group (n = 24) Placebo group (n =24) P-value
BDI

Before 20 (7.56) 18.70 (6.68) 24.18 (9.59) 20.89 (10.35) 0.196°
After 13.37 (7.14) 18.25 (10.59) 12.65 (6.21) 23.87 (13.71) 0.001P
GMD, p© —6.62, 0.001 —0.45, 0.857 -11.52, 0.00 2.97, 0.446

Quality of life

Before 131.09 (49.79) 124.09 (52.52) 119.27 (56.44) 120.95 (50.43) 0.883°
After 138.63 (44.61) 137.09(39.58) 158.09(62.70) 117.54(48.75) 0.069°
GMD, p© 7.54,0.614 13, 0.303 38.81, 0.083 —3.40, 0.843

STAl-state

Before 31.99 (17) 33.04 (17) 34.28 (18.22) 38.58 (20) 0.659°
After 26.76 (19.41) 32.22(38.25) 16.65 (6.18) 37.95(15.59) 0.021°
GMD, p© -5.23,0.313 —-0.818, 0.913 —17.63, 0.001 —0.60, 0.903

STAl-trait

Before 36.96 (21.47) 40.13 (43.54) 39.91 (21.71) 36.77 (12.58) 0.659

After 26.08 (19.43) 35.50 (38.29) 15.60 (5.90) 38.22 (38.91) 0.020

GMD, p© —10.88, 0.006 —-4.63, 0.163 —24.31, 0.001 1.45, 0.851

MD: mean difference, GMD: geometric mean difference, STAI: State-trait anxiety inventory, BDI: Beck depression inventory; Values are expressed as geometric
mean (minimum, maximum) and the p-values are estimated after log-transformation.
In each row, mean value with different superscript letters are significantly different (P < 0.05).

?One-Way ANOVA.

PAdjusted for baseline values, age and sex using the analysis of covariance (ANCOVA) test.

“Paired-samples t-test.

induces hyperactivity of hypothalamic-pituitary-adre-
nal (HPA) axis, which is implicated in depression
pathophysiology. It is proposed that through restoring
gut microbiota balance and reversing the consequences
of gut dysbiosis, prebiotics and/or might alleviate
depressive symptoms [31]. Probiotics intake also has
beneficial effects on decreasing inflammatory cytokines
and oxidative stress [31,33,34]. This neuro-protein is
involved in the survival of neurons and affects the
pathophysiology of psychological disorders such as
depression and anxiety [31]. In this study, CRP, LPS,
and TNF-a were decreased after prebiotics and probio-
tics administration. However, none of the prebiotics or
probiotics had any effects on IL- 10. LPS secreted from
the gram-negative bacterial membrane leads to systemic
inflammation [35], and toll-like receptor 4 (TLR4) is a

= Probiotic ®Inulin Probiotic + Inulin
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Figure 2. Number needed to treat (NNT) Response based on BDI
total score.

primary receptor for LPS; interestingly, probiotics
intake suppress TLR4 activity in the paraventricular
nucleus of the hypothalamus in response to LPS-
induced anxiety and prevented stressfully and
depression behaviors [36]. Besides, probiotics’ adminis-
tration might improve symptoms of depression using
decreased serotonin concentrations in the cortex and
dopamine metabolite levels in the amygdaloid, and
increased plasma tryptophan levels, Prebiotics/probio-
tics through modulating intestinal barrier enhance the
immune system function and decrease inflammation.
This leads to decreased glucocorticoid resistance,
lower kynurenine production from tryptophan, and
improved brain-derived neurotrophic factor (BDNF)
expression; these together might be partly responsible
for alleviation of depression [37,38].

Prebiotic intake increases the production of SCFAs
and stimulates intestinal probiotic microorganisms’
growth and activity [11]. SCFAs in gut microbiota by
decreased expression of inflammatory cytokines med-
iate anti-inflammatory effects [10]. The combination
of probiotics and prebiotics and synbiotics have anti-
depressant effects by affecting the innate immune sys-
tem to reduce inflammation [39]. Therefore, prebiotics
and probiotics supplementation reduce inflammation
and increase expression of BDNF, synergistically
improve psychological disorders such as depression
and anxiety caused by gut dysbiosis.

The current study suffered from some limitations.
The intervention period was relatively short, which we
did not observe any changes in the QOL of participants.
Therefore, well-designed clinical trials are required to
evaluate the QOL in CAD patients by modulating
inflammation and oxidative stress. Like all



questionnaires, the BDI suffers from the same problems
as other self-reported inventories; those scores can be
easily exaggerated or minimized by personal answers.
To fix this defect, we used another psychological scale,
i.e. the STAI-Y. Regardless of those, most investigators
agreed to recommend the BDI-II as a valuable tool in
CAD patients. Furthermore, funding constraints did
not allow gut microbiota analysis, which is a key vari-
able in identifying the effect of probiotics or probiotics.
One of our study’s strengths is the use of the strains of
probiotics and the prebiotic that has been shown in the
prior studies to affect mood complaints. Although syn-
biotics’ relative effects have been shown to control
chronic inflammation and depression, the dose of inulin
is not sufficient in those studies.

In conclusion, co-administration of Inulin with the
Lactobacillus Rhamnosus had synergically effects on
decreasing symptoms of depression and anxiety. There-
fore, the current trial supported the beneficial effects of
prebiotics and probiotics supplementation to improve
depression and anxiety in CAD patients. Also, inflam-
matory cytokines decreased in both prebiotics and pro-
biotics groups compared to the placebo. These results
propose that probiotic plus prebiotic may exert at least
part of their effects on depression through the inflam-
matory cytokines and LPS.
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