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Abstract
Aim: Manipulation of the intestinal microbiome and supplying vitamin D can attenu-
ate psychiatric symptoms in schizophrenic patients. The current study tried to evalu-
ate the effects of probiotic/vitamin D supplementation on the cognitive function and 
disease severity of schizophrenic patients.
Methods: In the present study, 70 patients (aged 18–65) with schizophrenia were 
recruited. Participants were randomly allocated to the placebo (n = 35) and interven-
tion (probiotic supplements+400 IU vitamin D, n = 35) groups. Severity of disease 
and cognitive function (primary outcomes) were evaluated by Positive and Negative 
Syndrome Scale (PANSS) and Montreal Cognitive Assessment (MoCA) tests, respec-
tively. Moreover, lipid profile, body mass index (BMI), gastrointestinal (GI) problems, 
serum C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were evalu-
ated as secondary outcomes.
Results: A total of 69 patients completed the study. The MoCA score was increased 
by 1.96 units in the probiotic-containing supplement group compared to the placebo 
(p = 0.004). Also, the percentage of subjects with MoCA score ≥ 26 rose significantly 
in the intervention group (p = 0.031). Moreover, TC (p = 0.011), FBS (p = 0.009), and 
CRP (p < 0.001) significantly decreased in the supplement group compared to the pla-
cebo. Although the probiotic supplement reduced PANSS score by 2.82 units, the dif-
ference between the study groups was not statistically significant (p = 0.247).
Conclusion: Co-administration of probiotics and vitamin D has beneficial effects on 
the improvement of cognitive function in schizophrenic patients.
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1  |  BACKGROUND

Schizophrenia is among the most common severe mental disorders 
and one of the top 25 leading causes of disability around the world. 
However, schizophrenia's essential nature remains to be clarified. So, 
it is sometimes called a syndrome, a group of disorders, or a spec-
trum disorder in the fifth edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5). There is no laboratory test 
for diagnosis of schizophrenia and clinicians should appreciate that 
the diagnosis of schizophrenia is entirely based on the psychiatric 
history and mental status examination.1,2 We can divide the symp-
toms of schizophrenia into three groups including: positive, nega-
tive, and cognitive symptoms. The Positive and Negative Syndrome 
Scale (PANSS) is a medical scale used for measuring the severity of 
symptoms in patients with schizophrenia.3 The Montreal Cognitive 
Assessment (MoCA) is another score that is widely used for the as-
sessment of cognitive impairment.4

Medications that block the dopamine system are effective in de-
lusions and hallucinations. However, they are less effective in the 
improvement of cognitive and motivational disorders. Some specific 
occupational and psychological interventions along with antipsy-
chotic medications can improve functional outcomes in these pa-
tients. Unfortunately, these types of interventions are not widely 
available. There are several ongoing research to understand the 
underlying biological mechanisms of schizophrenia symptoms as 
well as the psychosocial factors that moderate their expression. 
Most of these methods lead to the control of the disease instead of 
treatment.5,6

Taking antipsychotic drugs, which have anticholinergic and 
anti-histaminergic effects, increases the prevalence of constipa-
tion and weight gain-related disorders in schizophrenic patients. 
It should be noted that depression is a predictor of rapid weight 
gain in these patients. Weight gain can cause dyslipidemia and in-
flammation. Both these factors have the main role in disease pro-
gression and decrement in quality of life. Increment of C-reactive 
protein (CRP) is related to the increasing the risk of schizophre-
nia, positive symptoms, and cognitive impairment.7–9 It has been 
suggested that anti-inflammatory strategies can be effective in 
the treatment of schizophrenia. Also, there is some evidences on 
the relationship and the effect of gastrointestinal (GI) tract micro-
biota on the brain activity of these patients. It should be noted 
that the antipsychotic medications, themselves, can affect gut 
microbiota.10

Manipulation and change in intestinal microbiota by probiotics 
can be useful to relieve GI diseases, improve lipid profile and inflam-
mation, and attenuate psychiatric symptoms in schizophrenic pa-
tients.11,12 Probiotics can change the balance of the gut microbiota 
and prevent inappropriate immune responses to the harmful anti-
gens originated from the gut lumen. Regulation of the inflammatory 
responses is the proposed mechanism of action for the probable 
therapeutic effects of probiotics in schizophrenia.13,14 Among nu-
trients, vitamin D can regulate anti-inflammatory processes itself.15 
In the pathogenesis of schizophrenia, vitamin D deficiency (VDD) is 

an important factor. So, correcting VDD in schizophrenic patients 
is very crucial, especially in communities with high VDD. Iran is a 
developing country with high prevalence of VDD. So, considering 
vitamin D supplement in treatment regimens can increase therapy 
effectiveness.16–18 Many studies suggest the synergistic effects of 
combined vitamin D and probiotics on mental health. It has been hy-
pothesized that probiotics can increase vitamin D levels. In addition, 
probiotics improve the expression of vitamin D receptors. Vitamin 
D may improve mental health via induction of tyrosine hydroxylase 
expression and augmentation of the bioavailability of dopamine. 
Therefore, targeting the microbiota-gut-brain axis with probiotic 
and vitamin D might provide a novel approach to promote mental 
health.

The current study aimed to investigate the effects of co-
administration of probiotic and vitamin D supplementation on the 
MoCA and PANSS scores, lipid profile, body mass index (BMI), and 
serum level of CRP in schizophrenic patients.

2  |  METHODOLOGY

2.1  |  Study design and participants

In this randomized double-blind placebo-controlled clinical trial 
(RCT), 70 patients with Schizophrenia were recruited from the 
Razi Psychiatric Hospital of the University of Social Welfare and 
Rehabilitation Sciences from December 2021 to April 2022. The 
written informed consent was obtained from all patients. The crite-
rion for diagnosis of schizophrenia was the fifth edition of Diagnostic 
and Statistical Manual of Mental Disorders (DSM-5).

All participants were from the long-stay ward and were in-
formed about the study details and aim. The written informed 
consent was also taken following the National Health and Medical 
Research Council guideline. All participants were free to withdraw 
their participation at any time. Inclusion criteria were as follows: 
age range of 18–65 years, capacity for signing the written in-
formed consent, having at least a fifth-grade elementary educa-
tion, having no GI problem at the study baseline, and being stable 
on the current psychotropics for at least 6 months. On the other 
hand, exclusion criteria were having a history of brain injury, head 
trauma, mental retardation, Parkinson's disease, using opioid or 
stimulant substances in the last 3 months, taking antidepressant 
or stimulant medications, having an allergy to probiotic supple-
ments, receiving antibiotics in 14 days before the study beginning, 
pregnancy and lactation, having a history of significant medical 
disorder (such as epilepsy, diabetes, hypertension, thyroid, heart 
or liver disease), having criteria for substance-related disorders, 
being involved in specific medications with metabolic side effects 
except for the second-generation antipsychotics, having a history 
of exposure to the weight-loss medicines and/or change in treat-
ment regimen during the study period.

This research project was approved by the Ethics Committee 
of the University of Social Welfare and Rehabilitation Sciences 
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(Ethical code: IR.USWR.REC.1400.219). This clinical trial study is 
also registered in the Iranian Registry of Clinical Trials (IRCT ID: 
IRCT20211118053100N1) and the trial protocol can be accessed on 
the IRCT website.

The sample size was calculated with a 95% confidence interval 
(CI) and a statistical power of 80%, considering the schizophrenia 
score.11,19 Finally, a total sample size of 70 participants was calcu-
lated. These patients were randomly allocated, using shuffled cards, 
to one of the two treatment groups: “A” was the probiotic group 
(n = 35), and “B” was the placebo group (n = 35). Patients in the probi-
otic and placebo groups received probiotic or starch capsules (1 cap-
sule per day), respectively. The duration of treatment was 12 weeks 
for both groups.

2.2  |  Probiotic supplement and placebo

Probiotic and placebo supplements were produced and supplied 
by Tak Gen Zist Pharmaceutical Company, Tehran, Iran. Probiotic/
vitamin D supplement (BioZenD) was containing Lactobacillus acido-
philus, Lactobacillus rhamnosus, Lactobacillus reuteri, Lactobacillus pa-
racasei Bifidobacterium longum, Bacillus coagulans (2 × 109 CFU), and 
400 IU vitamin D per one capsule. Both placebo and probiotic cap-
sules were identical in appearance and packaged in bottles labeled 
as either capsule A or capsule B. All capsules were stored at −20°C 
until dispensed to the participants. The identity of the capsules was 
unknown to the participants, researchers, and primary investigator. 
Randomization was conducted by an independent researcher using 
shuffled cards in a ratio of 1:1.

2.3  |  Outcomes

Disease severity and cognitive symptoms were evaluated (as pri-
mary outcomes) by PANSS and MoCA tests at the baseline, end 
of the trial, and every 2 weeks during the study period. The MoCA 
test assesses seven cognitive domains as follows: visuospatial abili-
ties (5 points), naming (3 points), attention (6 points), language (3 
points), abstract reasoning (2 points), the short-term memory recall 
task (5 points), and orientation to time and place (6 points). MoCA 
scores range between 0 and 30. A score of 26 or over is considered 
normal. Also, the validity of MoCA test was previously assessed in 
Iranian schizophrenic patients.20 Symptom severity was measured 
by PANSS scale. The scale is composed of three subscales as fol-
lows: a positive scale (seven Items; minimum score = 7; maximum 
score = 49), a negative scale (seven Items; minimum score = 7; maxi-
mum score = 49), and a General Psychopathology Scale (16 Items; 
minimum score = 16; maximum score = 112). Each subscale is rated 
with 1 to 7 points ranging from absent to extreme. Validity of PANSS 
has been previously assessed in Iranian schizophrenia patients.21 In 
the current RCT, lipid profile, BMI, GI problems, serum CRP, and 
erythrocyte sedimentation rate (ESR) were evaluated as secondary 
outcomes. Data related to the GI problems were recorded weekly.

2.4  |  Blood analyses

Five milliliters of fasting blood sample was collected from all partici-
pants at the baseline and the end of the intervention. Blood samples 
were centrifuged at 1400 g for 10 min and then the serum samples 
were stored at −70°C to analyze the level of total cholesterol (TC), 
triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), fasting blood sugar (FBS), 
CRP, and ESR. The serum levels of TC, HDL-C, and TG were measured 
by enzymatic colorimetric methods with a commercially available kit 
(Pars Azmoon, Tehran, Iran) by an automatic analyzer (Abbott, mod-
elAlcyon 300, USA). Serum LDL-C was calculated by the Friedewald 
equation.22 The concentration of serum CRP was measured using 
ELISA assay by laboratory kits (Pars Azmoon, Tehran, Iran). Before 
and after the intervention, FBS and ESR were analyzed immediately 
by the auto-analyzer (Mindray auto hematology analyzer, China) in 
fresh blood.

2.5  |  Statistical analyses

All statistical analyses were performed with SPSS software (version 
19.0; SPSS Inc., Chicago, IL, USA). Independent sample T-test and 
chi-square test were initially used to analyze differences in baseline 
characteristics between the study groups for continuous and cat-
egorical variables, respectively. Statistical analysis of primary and 
secondary outcomes was conducted using the repeated measure 
analysis of variance (ANOVA) and analysis of covariance (ANCOVA) 
test with baseline values as the covariate. To analyze data from par-
ticipants who withdrew from the trial for any reason, the intention-
to-treat (ITT) analysis23 was used. In the current work, marginal 
mean (MM) and MM difference (MMD) are statistics to report the 
effect size. The MM is a mean for a variable that the effects of po-
tential confounders are adjusted on. Also, MMD is the difference be-
tween two groups in terms of an MM. p-value <0.05 was considered 
statistically significant.

3  |  RESULTS

The study flowchart is shown in Figure  1. A total of 69 patients 
completed the study. One patient was excluded from the probiotic 
receiving group due to some personal reasons. Also, no adverse ef-
fects were observed during the study period. There was no signifi-
cant difference in anthropometric and demographic characteristics 
including age, weight, height, BMI, gender, and marriage status be-
tween the study groups at the baseline (Table 1).

The study results showed that the marginal mean for MoCA 
score after adjustment for baseline values were 19.47 ± 0.43 and 
21.43 ± 0.44 for placebo and probiotic/vitamin D receiving groups, 
respectively (Table  2). This means that the probiotic/vitamin D 
supplement increased MoCA score by 1.96 units compared to the 
placebo group and this difference was significant (p = 0.004). Also, 
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the percentage of subjects with MoCA score ≥ 26 significantly in-
creased in probiotic group (p = 0.031); while there were no signif-
icant changes in placebo-receiving patients (p = 0.625; Figure  2). 
On the other hand, baseline adjusted values for PANSS score were 
51.20 ± 1.50 and 48.36 ± 1.53 for placebo and intervention groups, 
respectively. Although the probiotic supplement reduced PANSS 
score by 2.82 units the difference between the study groups was 
not statistically significant (p = 0.247; Table 2).

The combined probiotic and vitamin D supplementation sig-
nificantly decreased TC (p = 0.011), FBS (p = 0.009), and CRP 

(p < 0.001) compared to the placebo-receiving group (Table 3). The 
differences in baseline-adjusted MM between the probiotic and 
placebo groups for the mentioned variables were −17.79, −8.63, 
and −2.33, respectively. Although the probiotic supplementation 
reduced TG and LDL-C by 12.43 and 6.73 units compared to the 
placebo group, the differences were not statistically significant 
(p = 0.317 and p = 0.104, respectively). On the other hand, the 
study results showed that intervention with probiotic had no sig-
nificant effects on LDL-C/HDL-C and ESR (p > 0.05) levels. The 
findings of the current study showed that there was no significant 
change in the probiotic-receiving group in terms of serum HDL-C. 
However, the level of serum HDL-C significantly reduced in the 
placebo group and this made the between-group difference sig-
nificant (p = 0.002).

While the study results revealed that probiotic supplementa-
tion had no significant effects on BMI values compared to the pla-
cebo group and baseline values, before-after data analysis showed 
that BMI significantly increased in the placebo-receiving group 
(p = 0.004). The evaluation of GI symptoms, including diarrhea and 
constipation, during the study period, showed that no GI problem 
was observed in probiotic receiving group while the GI symptoms 
were observed in about 29 percent of subjects in the placebo group 
(p < 0.001; Figure 3).

4  |  DISCUSSION

In the current study, MoCA and PANSS scores were evaluated 
as primary outcomes. Findings showed that probiotic/vitamin D 
supplementation significantly increased MoCA score compared 
to the placebo-receiving group. Also, the number of patients with 
MoCA score ≥ 26 significantly increased in probiotic group. On 

F I G U R E  1  The study Flow diagram. 
ITT, Intention-to-treat.

TA B L E  1  General and anthropometric variables in the study 
groups.

Variables

Groups

p-ValueProbiotic (n = 35) Placebo (n = 35)

Age (years) 50.29 ± 9.61 52.02 ± 8.32 0.426*

Weight (kg) 79.36 ± 16.15 74.51 ± 18.15 0.246*

High (cm) 170.53 ± 10.46 167.77 ± 9.59 0.258*

BMI (kg/m2) 27.26 ± 5.03 25.50 ± 6.37 0.208*

Gender

Male 25 (73.5) 25 (71.4) 0.530**

Female 9 (26.5) 10 (28.6)

Marriage

Single 27 (79.4) 23 (65.7) 0.213**

Married 5 (14.7) 8 (22.9)

Divorced 2 (5.9) 4 (11.4)

Note: *p-Value was reported based on independent sample T-test; 
**p-Value was reported based on chi-square test.
Abbreviation: BMI, body mass index.
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the other hand, intervention with probiotic-containing supple-
ment decreased PANSS score. However, this decrement was not 
statistically significant compared to the placebo group. In a simi-
lar study, Ghaderi et al. (2020) showed that 12 weeks supplemen-
tation with probiotic (8 × 109 CFU/day; Lactobacillus acidophilus, 
Bifidobacterium bifidum, Lactobacillus reuteri, and Lactobacillus 
fermentum) plus vitamin D (50,000 IU every 2 weeks) signifi-
cantly decreased PANSS score in Iranian schizophrenic patients 
compared to placebo group.24 In a systematic review by Ng et al. 
(2019), three clinical studies that investigated the effect of pro-
biotic supplementation on schizophrenia symptoms were en-
rolled.19 The obtained results by Ng et al. showed that probiotic 
supplementation has no significant effects on PANSS score and 
its sub-scales. It should be noted that all enrolled studies in the 
systematic review used the same probiotic species (Lactobacillus 
rhamnosus strain GG and Bifidobacterium animalis subsp. lactis 
strain Bb12), dosage (2 × 109 CFUs), and intervention duration 
(14 weeks).19 So, variables including probiotic species, dosage, 
and using vitamin D along with probiotic are the main reasons 
for the observed controversies related to the probiotic supple-
mentation and disease severity among schizophrenic patients. In 
the current RCT, vitamin D with dosage of 400 IU/day was used. 
In another study, Ghaderi et al. used supplementation of vitamin 
D with dosage of 50 000 IU per 2 weeks (about 3600 IU/day).24 
Prevalence of VDD among Iranian people is high and correcting 
this status may have beneficial effects on the symptoms of de-
pression and schizophrenia.25 The difference between our find-
ings and the results reported by Ghaderi et al.24 could be rooted 
in the dosage of vitamin D.

To the best of our knowledge, no interventional studies have 
evaluated the effects of probiotic supplementation on MoCA score 
in schizophrenic patients until now. Shi et al. in an RCT examined the 
effects of Bifidobacterium longum supplementation on MoCA score 
in healthy older adults. The study results showed that the probiotic 
significantly improved cognitive function in the study population.26 
On the other hand, eliminating VDD in patients with schizophrenia 
had positive effects on the efficacy of treatment with antipsychotic 
medications. Neriman et  al. reported the same results in schizo-
phrenic patients after 8 weeks of vitamin D supplementation with 
dosage of 50 000 IU per week.27 Vitamin D supplementation in vi-
tamin D deficient individuals improves mental health but such ben-
eficial effects in healthy adults are not provided by literature. It has 
been shown that the co-administration of vitamin D and probiotic 
had higher health benefits, such as mental health, than its compar-
ators did.28

Probiotics can modulate neurotransmitters in the brain through 
the gut–brain axis. Immunomodulatory effect of probiotics is another 
important mechanism for the effects of probiotic supplementation 
on decreasing disease severity and improving cognitive function in 
schizophrenic patients.14 The results obtained from the current RCT 
also showed that the intervention considerably decreases serum lev-
els of CRP (an indicator of general inflammation) in probiotic + vita-
min D group compared to the placebo-receiving patients.TA
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Schizophrenic patients are at the risk of metabolic-related com-
plications of antipsychotic medications. These complications in-
clude blood sugar-related metabolic disorders, hyperlipidemia, and 
weight gain. The risk of heart disease and death from obesity can 
increase due to antipsychotic drugs. At least 50 percent of death 
cases among schizophrenic patients are related to cardiovascular 
diseases. It has been shown that the risk of heart disease and death 
can increase in the next 10 years of life in schizophrenic patients 
because of antipsychotics' side effects.29,30 Other findings of the 
current RCT were a decrease in TC, FBS, TG, and LDL-C by the com-
bined supplement. As mentioned in the result section, there was no 
considerable change in the probiotic-receiving group in terms of 
serum HDL-C. However, serum HDL-C significantly reduced in the 
placebo group and this made the between-group difference sig-
nificant. This means that probiotic supplementation inhibited HDL 
reduction during the study period in comparison to the placebo 
group. The effects of probiotic supplementation on the reduc-
tion of TC, TG, LDL-C, and FBS have been widely reported.31 The 
beneficial effects of probiotics on lipid profile are likely related to 
several different mechanisms. De-conjugation of short-chain fatty 
acids, especially propionate, and bile salt are the main reasons in-
volved in the improvement of lipid profile. Probiotics decline serum 
cholesterol through the activation of several regulatory proteins. 
Probiotics assimilate cholesterol and therefore can reduce cho-
lesterol levels. Microbiome have a role in the release of bioactive 
compounds from foodstuffs. Some of these compounds could af-
fect the lipid profile.32,33 Our results also showed that the vitamin 
D-containing supplement reduced FBS compared to the placebo. 
Several mechanisms may explain the effects of probiotics on glu-
cose metabolism. The antioxidant function of probiotics through 
inhibiting lipid peroxidation and induction of antioxidant enzymes 
such as superoxide dismutase, catalase, and glutathione peroxidase 
is one of the main proposed mechanisms for the glucose-lowering 
effects of probiotics.34 On the other hand, vitamin D can regulate 
anti-inflammatory and insulin transcription itself. Also, vitamin D 
can regulate calcium levels in the cytoplasm. It has been suggested 
that vitamin D can increase glucose entrance into the cells by the 
elevation of intracellular calcium.15

The synergistic effects of co-administration of vitamin D and 
probiotics on mental health have been suggested by many studies. It 
has been hypothesized that probiotics increase vitamin D levels. In 
addition, probiotics can improve the expression of vitamin D recep-
tors. Vitamin D may improve mental health via induction of tyrosine 
hydroxylase expression, augmentation of the bioavailability of do-
pamine, neuroprotection, and neuroimmunomodulation.35,36 Also, 
microflora has role in the biosynthesis and regulation of gamma-
aminobutyric acid (GABA) and serotonin.37,38 Therefore, targeting 
the microbiota-gut-brain axis with co-administration of probiotics 
and vitamin D might provide a novel approach to promote mental 
health.

5  |  LIMITATIONS

To the best of our knowledge, the combined supplement of pro-
biotic along with vitamin D has been used for the first time in the 
current study. This type of supplement is more popular and more 
accessible to prescribe than the previous types of interventions. 
Also, for the first time, we evaluated the effects of probiotic 
supplementation on the MoCA score in schizophrenic patients. 
On the other hand, the most important limitation of the cur-
rent study was a failure to consider vitamin D status in the study 
population. Also, the lack of more detailed information about the 
administered medications in the study groups can be considered 
as another limitation of the current work. Moreover, to control 
potential covariates, such as administered medications, it is bet-
ter to use block randomization instead of simple randomization 
in future works.

6  |  CONCLUSION

Although the current RCT revealed that probiotic supplementation 
along with vitamin D improves the cognitive function of schizo-
phrenic patients, considering the limitations mentioned before, simi-
lar studies should be conducted to achieve a final decision.

F I G U R E  2  The percentage of subjects 
with MoCA score ≥ 26 before and after of 
the study in probiotic/vitamin D (A) and 
placebo (B) groups. MoCA, The Montreal 
Cognitive Assessment. Data are presented 
as percentage. Data analysis was done by 
sign test.
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F I G U R E  3  GIT problems during the study period in the 
investigated groups. GIT, Gastrointestinal tract. Data are presented 
as percentage. Data analysis was done by Chi-square test.



    |  397MOHAMMADI et al.

ORCID
Aida Mohammadi   https://orcid.org/0000-0002-0703-273X 
Gita Sadighi   https://orcid.org/0000-0001-9880-6464 
Ali Nazeri Astaneh   https://orcid.org/0000-0002-8458-8045 
Maryam Tajabadi-Ebrahimi   https://orcid.
org/0000-0003-2780-3447 
Tahereh Dejam   https://orcid.org/0000-0003-3178-4664 

R E FE R E N C E S
	 1.	 Tandon R, Gaebel W, Barch DM, Bustillo J, Gur RE, Heckers S, 

et  al. Definition and description of schizophrenia in the DSM-5. 
Schizophr Res. 2013;150(1):3–10. https://​doi.​org/​10.​1016/j.​schres.​
2013.​05.​028

	 2.	 McCutcheon RA, Keefe RSE, McGuire PK. Cognitive impairment 
in schizophrenia: aetiology, pathophysiology, and treatment. Mol 
Psychiatry. 2023;28:1902–18. https://​doi.​org/​10.​1038/​s4138​0-​
023-​01949​-​9

	 3.	 Fountoulakis KN, Dragioti E, Theofilidis AT, Wikilund T, 
Atmatzidis X, Nimatoudis I, et  al. Staging of schizophrenia with 
the use of PANSS: an international multi-center study. Int J 
Neuropsychopharmacol. 2019;22(11):681–97. https://​doi.​org/​10.​
1093/​ijnp/​pyz053

	 4.	 Gil-Berrozpe GJ, Sanchez-Torres AM, Garcia de Jalon E, Moreno-
Izco L, Fananas L, Peralta V, et al. Utility of the MoCA for cognitive 
impairment screening in long-term psychosis patients. Schizophr 
Res. 2020;216:429–34. https://​doi.​org/​10.​1016/j.​schres.​2019.​10.​
054

	 5.	 Stroup TS, Gray N. Management of common adverse effects of 
antipsychotic medications. World Psychiatry. 2018;17(3):341–56. 
https://​doi.​org/​10.​1002/​wps.​20567​

	 6.	 Dibonaventura M, Gabriel S, Dupclay L, Gupta S, Kim E. A patient 
perspective of the impact of medication side effects on adherence: 
results of a cross-sectional nationwide survey of patients with 
schizophrenia. BMC Psychiatry. 2012;12(1):20. https://​doi.​org/​10.​
1186/​1471-​244X-​12-​20

	 7.	 Fond G, Lancon C, Auquier P, Boyer L. C-reactive protein as a pe-
ripheral biomarker in schizophrenia. An updated systematic review. 
Front Psych. 2018;9:392. https://​doi.​org/​10.​3389/​fpsyt.​2018.​
00392​

	 8.	 Barati M, Jabbari M, Nickho H, Esparvarinha M, Javadi Mamaghani 
A, Majdi H, et al. Regulatory T cells in bioactive peptides-induced 
Oral tolerance; a two-edged sword related to the risk of chronic 
diseases: a systematic review. Nutr Cancer. 2021;73(6):956–67. 
https://​doi.​org/​10.​1080/​01635​581.​2020.​1784442

	 9.	 Mohammadi Z, Sharif Zak M, Seidi K, Barati M, Akbarzadeh A, 
Zarghami N. The effect of chrysin loaded PLGA-PEG on metal-
loproteinase gene expression in mouse 4T1 tumor model. 
Drug Res (Stuttg). 2017;67(4):211–6. https://​doi.​org/​10.​1055/​
s-​0042-​122136

	10.	 Solberg DK, Bentsen H, Refsum H, Andreassen OA. Lipid profiles 
in schizophrenia associated with clinical traits: a five year follow-up 
study. BMC Psychiatry. 2016;16(1):299. https://​doi.​org/​10.​1186/​
s1288​8-​016-​1006-​3

	11.	 Dickerson FB, Stallings C, Origoni A, Katsafanas E, Savage CL, 
Schweinfurth LA, et  al. Effect of probiotic supplementation on 
schizophrenia symptoms and association with gastrointestinal 
functioning: a randomized, placebo-controlled trial. Prim Care 
Companion CNS Disord. 2014;16(1):PCC.13m01579. https://​doi.​
org/​10.​4088/​PCC.​13m01579

	12.	 Fond GB, Lagier JC, Honore S, Lancon C, Korchia T, Sunhary De 
Verville PL, et  al. Microbiota-orientated treatments for major 

depression and schizophrenia. Nutrients. 2020;12(4):1024. https://​
doi.​org/​10.​3390/​nu120​41024​

	13.	 Nguyen TT, Kosciolek T, Daly RE, Vazquez-Baeza Y, Swafford A, 
Knight R, et al. Gut microbiome in schizophrenia: altered functional 
pathways related to immune modulation and atherosclerotic risk. 
Brain Behav Immun. 2021;91:245–56. https://​doi.​org/​10.​1016/j.​
bbi.​2020.​10.​003

	14.	 Szeligowski T, Yun AL, Lennox BR, Burnet PWJ. The gut microbiome 
and schizophrenia: the current state of the field and clinical appli-
cations. Front Psych. 2020;11:156. https://​doi.​org/​10.​3389/​fpsyt.​
2020.​00156​

	15.	 Rezaei S, Tabrizi R, Nowrouzi-Sohrabi P, Jalali M, Shabani-Borujeni 
M, Modaresi S, et  al. The effects of vitamin D supplementation 
on anthropometric and biochemical indices in patients with non-
alcoholic fatty liver disease: a systematic review and meta-analysis. 
Front Pharmacol. 2021;12:732496. https://​doi.​org/​10.​3389/​fphar.​
2021.​732496

	16.	 Yuksel RN, Altunsoy N, Tikir B, Cingi Kuluk M, Unal K, Goka S, 
et al. Correlation between total vitamin D levels and psychotic 
psychopathology in patients with schizophrenia: therapeu-
tic implications for add-on vitamin D augmentation. Ther Adv 
Psychopharmacol. 2014;4(6):268–75. https://​doi.​org/​10.​1177/​
20451​25314​553612

	17.	 Berezowska M, Coe S, Dawes H. Effectiveness of vitamin D supple-
mentation in the Management of Multiple Sclerosis: a systematic 
review. Int J Mol Sci. 2019;20(6):1301. https://​doi.​org/​10.​3390/​
ijms2​0061301

	18.	 Aghapour B, Kheirouri S, Alizadeh M, Khodayari-Zarnaq R. Vitamin 
D deficiency prevention policies in Iran: a retrospective policy anal-
ysis. Front Nutr. 2023;10:1249402. https://​doi.​org/​10.​3389/​fnut.​
2023.​1249402

	19.	 Ng QX, Soh AYS, Venkatanarayanan N, Ho CYX, Lim DY, Yeo WS. 
A systematic review of the effect of probiotic supplementation on 
schizophrenia symptoms. Neuropsychobiology. 2019;78(1):1–6. 
https://​doi.​org/​10.​1159/​00049​8862

	20.	 Sikaroodi H, Majidi A, Samadi S, Shirzad H, Aghdam H, Azimi Kia 
A, et al. Evaluating reliability of the Montreal cognitive assessment 
test and its agreement with neurologist diagnosed among patients 
with cognitive complaints. J Police Med. 2012;1(1):15–21. https://​
doi.​org/​10.​30505/​1.​1.​15

	21.	 Ghamari Givi H, Moulavi P, Heshmati R. Exploration of the factor 
structure of positive and negative syndrome scale in Schizophernia 
Spectrum disorder. J Clin Psychol. 2010;2(2):1–10. https://​doi.​org/​
10.​22075/​​jcp.​2017.​2018

	22.	 Krishnaveni P, Gowda VM. Assessing the validity of Friedewald's 
formula and Anandraja's formula for serum LDL-cholesterol cal-
culation. J Clin Diagn Res. 2015;9:BC01–C04. https://​doi.​org/​10.​
7860/​JCDR/​2015/​16850.​6870

	23.	 Felker GM, Teerlink JR. Clinical trial Design in Heart Failure. In: 
Mann DL, editor. (Ed.)Heart failure: a companion to Braunwald's 
heart disease. Philadelphia: W.B. Saunders; 2010. p. 570–93.

	24.	 Ghaderi A, Banafshe HR, Mirhosseini N, Moradi M, Karimi MA, 
Mehrzad F, et al. Clinical and metabolic response to vitamin D plus 
probiotic in schizophrenia patients. BMC Psychiatry. 2019;19(1):77. 
https://​doi.​org/​10.​1186/​s1288​8-​019-​2059-​x

	25.	 Vatandost S, Jahani M, Afshari A, Amiri MR, Heidarimoghadam R, 
Mohammadi Y. Prevalence of vitamin D deficiency in Iran: a sys-
tematic review and meta-analysis. Nutr Health. 2018;24(4):269–78. 
https://​doi.​org/​10.​1177/​02601​06018​802968

	26.	 Shi S, Zhang Q, Sang Y, Ge S, Wang Q, Wang R, et  al. Probiotic 
Bifidobacterium longum BB68S improves cognitive functions 
in healthy older adults: a randomized, double-blind, placebo-
controlled trial. Nutrients. 2022;15(1):51. https://​doi.​org/​10.​3390/​
nu150​10051​

https://orcid.org/0000-0002-0703-273X
https://orcid.org/0000-0002-0703-273X
https://orcid.org/0000-0001-9880-6464
https://orcid.org/0000-0001-9880-6464
https://orcid.org/0000-0002-8458-8045
https://orcid.org/0000-0002-8458-8045
https://orcid.org/0000-0003-2780-3447
https://orcid.org/0000-0003-2780-3447
https://orcid.org/0000-0003-2780-3447
https://orcid.org/0000-0003-3178-4664
https://orcid.org/0000-0003-3178-4664
https://doi.org/10.1016/j.schres.2013.05.028
https://doi.org/10.1016/j.schres.2013.05.028
https://doi.org/10.1038/s41380-023-01949-9
https://doi.org/10.1038/s41380-023-01949-9
https://doi.org/10.1093/ijnp/pyz053
https://doi.org/10.1093/ijnp/pyz053
https://doi.org/10.1016/j.schres.2019.10.054
https://doi.org/10.1016/j.schres.2019.10.054
https://doi.org/10.1002/wps.20567
https://doi.org/10.1186/1471-244X-12-20
https://doi.org/10.1186/1471-244X-12-20
https://doi.org/10.3389/fpsyt.2018.00392
https://doi.org/10.3389/fpsyt.2018.00392
https://doi.org/10.1080/01635581.2020.1784442
https://doi.org/10.1055/s-0042-122136
https://doi.org/10.1055/s-0042-122136
https://doi.org/10.1186/s12888-016-1006-3
https://doi.org/10.1186/s12888-016-1006-3
https://doi.org/10.4088/PCC.13m01579
https://doi.org/10.4088/PCC.13m01579
https://doi.org/10.3390/nu12041024
https://doi.org/10.3390/nu12041024
https://doi.org/10.1016/j.bbi.2020.10.003
https://doi.org/10.1016/j.bbi.2020.10.003
https://doi.org/10.3389/fpsyt.2020.00156
https://doi.org/10.3389/fpsyt.2020.00156
https://doi.org/10.3389/fphar.2021.732496
https://doi.org/10.3389/fphar.2021.732496
https://doi.org/10.1177/2045125314553612
https://doi.org/10.1177/2045125314553612
https://doi.org/10.3390/ijms20061301
https://doi.org/10.3390/ijms20061301
https://doi.org/10.3389/fnut.2023.1249402
https://doi.org/10.3389/fnut.2023.1249402
https://doi.org/10.1159/000498862
https://doi.org/10.30505/1.1.15
https://doi.org/10.30505/1.1.15
https://doi.org/10.22075/jcp.2017.2018
https://doi.org/10.22075/jcp.2017.2018
https://doi.org/10.7860/JCDR/2015/16850.6870
https://doi.org/10.7860/JCDR/2015/16850.6870
https://doi.org/10.1186/s12888-019-2059-x
https://doi.org/10.1177/0260106018802968
https://doi.org/10.3390/nu15010051
https://doi.org/10.3390/nu15010051


398  |    MOHAMMADI et al.

	27.	 Neriman A, Hakan Y, Ozge U. The psychotropic effect of vitamin 
D supplementation on schizophrenia symptoms. BMC Psychiatry. 
2021;21(1):309. https://​doi.​org/​10.​1186/​s1288​8-​021-​03308​-​w

	28.	 Abboud M, Rizk R, AlAnouti F, Papandreou D, Haidar S, 
Mahboub N. The health effects of vitamin D and probiotic Co-
supplementation: a systematic review of randomized controlled 
trials. Nutrients. 2020;13(1):111. https://​doi.​org/​10.​3390/​nu130​
10111​

	29.	 Sabaghi M, Sadighi G, Khodaei Ardakani MR, Dieji B, Nowrouzi M, 
Aghaye Rashti M, et  al. Effects of metformin on weight loss and 
metabolic control in obese patients with schizophrenia and schi-
zoaffective disorder: a randomized double-blind controlled clinical 
trial. Iran Rehabil J. 2019;17(4):359–68. https://​doi.​org/​10.​32598/​​
irj.​17.4.​359

	30.	 Jabbari M, Kheirouri S, Alizadeh M. Decreased serum levels of 
ghrelin and brain-derived neurotrophic factor in premenopausal 
women with metabolic syndrome. Lab Med. 2018;49(2):140–6. 
https://​doi.​org/​10.​1093/​labmed/​lmx087

	31.	 Wang C, Li S, Xue P, Yu L, Tian F, Zhao J, et al. The effect of probiotic 
supplementation on lipid profiles in adults with overweight or obe-
sity: a meta-analysis of randomized controlled trials. J Funct Foods. 
2021;86:104711. https://​doi.​org/​10.​1016/j.​jff.​2021.​104711

	32.	 Lee J, Kim Y, Yun HS, Kim JG, Oh S, Kim SH. Genetic and proteomic 
analysis of factors affecting serum cholesterol reduction by lacto-
bacillus acidophilus A4. Appl Environ Microbiol. 2010;76(14):4829–
35. https://​doi.​org/​10.​1128/​AEM.​02892​-​09

	33.	 Tulumoglu S, Kaya HI, Simsek O. Probiotic characteristics of lacto-
bacillus fermentum strains isolated from tulum cheese. Anaerobe. 
2014;30:120–5. https://​doi.​org/​10.​1016/j.​anaer​obe.​2014.​09.​015

	34.	 Zhang Q, Wu Y, Fei X. Effect of probiotics on glucose metabolism in 
patients with type 2 diabetes mellitus: a meta-analysis of random-
ized controlled trials. Medicina (Kaunas). 2016;52(1):28–34. https://​
doi.​org/​10.​1016/j.​medici.​2015.​11.​008

	35.	 Fernandes de Abreu DA, Eyles D, Feron F. Vitamin D, a neuro-
immunomodulator: implications for neurodegenerative and au-
toimmune diseases. Psychoneuroendocrinology. 2009;34(Suppl 
1):S265–S277. https://​doi.​org/​10.​1016/j.​psyne​uen.​2009.​05.​023

	36.	 Bertone-Johnson ER. Vitamin D and the occurrence of depression: causal 
association or circumstantial evidence? Nutr Rev. 2009;67(8):481–92. 
https://​doi.​org/​10.​1111/j.​1753-​4887.​2009.​00220.​x

	37.	 Barrett E, Ross RP, O'Toole PW, Fitzgerald GF, Stanton C. Gamma-
aminobutyric acid production by culturable bacteria from the 
human intestine. J Appl Microbiol. 2012;113(2):411–7. https://​doi.​
org/​10.​1111/j.​1365-​2672.​2012.​05344.​x

	38.	 Yano JM, Yu K, Donaldson GP, Shastri GG, Ann P, Ma L, et  al. 
Indigenous bacteria from the gut microbiota regulate host sero-
tonin biosynthesis. Cell. 2015;161(2):264–76. https://​doi.​org/​10.​
1016/j.​cell.​2015.​02.​047

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Mohammadi A, Sadighi G, Nazeri 
Astaneh A, Tajabadi-Ebrahimi M, Dejam T. Co-administration 
of probiotic and vitamin D significantly improves cognitive 
function in schizophrenic patients: A double-blinded 
randomized controlled trial. Neuropsychopharmacol Rep. 
2024;44:389–398. https://doi.org/10.1002/npr2.12431

https://doi.org/10.1186/s12888-021-03308-w
https://doi.org/10.3390/nu13010111
https://doi.org/10.3390/nu13010111
https://doi.org/10.32598/irj.17.4.359
https://doi.org/10.32598/irj.17.4.359
https://doi.org/10.1093/labmed/lmx087
https://doi.org/10.1016/j.jff.2021.104711
https://doi.org/10.1128/AEM.02892-09
https://doi.org/10.1016/j.anaerobe.2014.09.015
https://doi.org/10.1016/j.medici.2015.11.008
https://doi.org/10.1016/j.medici.2015.11.008
https://doi.org/10.1016/j.psyneuen.2009.05.023
https://doi.org/10.1111/j.1753-4887.2009.00220.x
https://doi.org/10.1111/j.1365-2672.2012.05344.x
https://doi.org/10.1111/j.1365-2672.2012.05344.x
https://doi.org/10.1016/j.cell.2015.02.047
https://doi.org/10.1016/j.cell.2015.02.047
https://doi.org/10.1002/npr2.12431

	Co-­administration of probiotic and vitamin D significantly improves cognitive function in schizophrenic patients: A double-­blinded randomized controlled trial
	Abstract
	1|BACKGROUND
	2|METHODOLOGY
	2.1|Study design and participants
	2.2|Probiotic supplement and placebo
	2.3|Outcomes
	2.4|Blood analyses
	2.5|Statistical analyses

	3|RESULTS
	4|DISCUSSION
	5|LIMITATIONS
	6|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


