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Abstract  
 
Objective: Persistent negative symptoms in chronic schizophrenia often show limited responsiveness to antipsychotic 

therapy. The present study evaluated whether supplementation with vitamin B12 and folic acid improves negative 
symptoms as the primary endpoint, while also examining effects on positive symptoms and global cognitive functioning 
as secondary outcomes. 
Method: In this randomized, double-blind, placebo-controlled trial, 88 inpatients with chronic schizophrenia receiving 

stable risperidone therapy were assigned to one of four groups: vitamin B12 (1 mg/day), folic acid (1 mg/day), combined 
vitamin B12 plus folic acid (1 mg/day each), and placebo for eight weeks. Negative symptoms were measured using the 
Scale for the Assessment of Negative Symptoms (SANS), positive symptoms using the Scale for the Assessment of 
Positive Symptoms (SAPS), and cognitive function using the Mini-Mental State Examination (MMSE). Serum 
concentrations of vitamin B12 and folate were assessed at baseline and after the intervention. 
Results: Supplementation with vitamin B12 and/or folic acid led to significant increases in serum concentrations of the 

corresponding vitamins (P < 0.001). All supplementation groups demonstrated significant and clinically meaningful 
reductions in negative symptom severity compared with placebo, with large effect sizes. In contrast, no significant 
changes were detected in positive symptoms or global cognitive performance. 
Conclusion: Adjunctive vitamin B12 and folic acid supplementation significantly reduced negative symptom severity in 

chronic schizophrenia, without affecting positive symptoms or global cognition. Targeted correction of vitamin 
deficiencies may represent a valuable adjunctive approach for persistent negative symptoms. 
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Chronic schizophrenia is a serious and long-standing 

mental health condition marked by enduring positive 

symptoms, including hallucinations and delusional 

thinking, along with negative and cognitive disturbances 

that significantly compromise social functioning and 

overall well-being. While antipsychotic drugs are 

typically successful in alleviating positive symptoms, 

negative and cognitive impairments—such as reduced 

motivation, blunted emotional expression, social 

disengagement, and deficits in executive processes—

continue to show limited responsiveness to current 

pharmacological interventions. These enduring symptom 

domains are particularly prominent in individuals with a 

prolonged course of illness and represent major barriers 

to functional recovery, vocational integration, and 

independent living (1, 2). 
Growing evidence suggests that nutritional factors, 

particularly deficiencies in vitamin B12 and folate, may 

contribute to the pathophysiology and clinical expression 

of schizophrenia (3-6). Vitamin B12 and folate are 

essential cofactors in one-carbon metabolism, a 

biochemical pathway critical for DNA synthesis, repair, 

and methylation processes that are fundamental to 

normal neurodevelopment and neuronal function. 

Emerging evidence indicates that nutritional factors, 

especially deficiencies in vitamin B12 and folate, may 

contribute to both the biological mechanisms and 

clinical expression of schizophrenia (3-6). These 

vitamins serve as essential cofactors in one-carbon 

metabolism, a pathway required for DNA synthesis, 

repair, and methylation processes fundamental to normal 

neurodevelopment and neuronal function. Insufficient 

levels may compromise nucleotide synthesis and reduce 

methylation capacity, potentially leading to epigenetic 

alterations implicated in negative and cognitive 

symptom persistence (7-10). 

Disruptions in one-carbon metabolism are likewise 

correlated with increased concentrations of 

homocysteine, a neurotoxic byproduct associated with 

oxidative damage, vascular endothelial impairment, and 

excitatory neuron injury. Elevated homocysteine 

concentrations have been repeatedly observed in patients 

with schizophrenia and are associated with greater 

symptom severity and poorer clinical outcomes (11-13). 

Population-based research suggests that a substantial 

proportion of patients with schizophrenia exhibits low 

serum folate or vitamin B12 levels, often in the absence 

of overt hematological abnormalities, suggesting a 

covert but clinically relevant nutritional vulnerability 

(14, 15). 

Clinical studies examining supplementation with vitamin 

B12 and folic acid in individuals with schizophrenia 

have yielded inconsistent findings. Some trials have 

documented reductions in negative symptoms and 

modest enhancements in cognitive functioning after 

supplementation, whereas others have not observed 

statistically significant therapeutic effects (16-18). 

Heterogeneity in study findings may reflect differences 

in illness stage, baseline nutritional status, genetic 

variability affecting folate metabolism, intervention 

duration, and outcome measures (7, 19). Notably, 

evidence suggests that disturbances in one-carbon 

metabolism may preferentially influence negative 

symptoms through effects on epigenetic regulation, 

inflammatory signaling, and dopaminergic hypofunction 

in prefrontal cortical circuits, rather than the mesolimbic 

dopaminergic mechanisms primarily underlying positive 

symptoms (20). 

Despite increasing interest in nutritional interventions 

for schizophrenia, data from chronically ill populations 

in Middle Eastern countries remain limited. Dietary 

patterns, genetic background, and healthcare access in 

these regions may differ substantially from those in 

Western populations, potentially modifying treatment 

response. Moreover, many prior trials have focused on 

early-stage psychosis or genetically stratified samples, 

leaving uncertainty regarding the role of vitamin-based 

interventions in people with long-standing illness and 

stable antipsychotic treatment (3, 9, 21, 22). 

Accordingly, the present double-blind, randomized, 

placebo-controlled trial was designed to evaluate the 

effects of vitamin B12 and folic acid supplementation, 

administered alone or in combination, on symptom 

domains in patients with chronic schizophrenia. We 

hypothesized that correction of vitamin B12 and folate 

status would lead to significant improvement in negative 

symptoms, designated as the primary outcome, while 

effects on positive symptoms and cognitive function 

were examined as secondary outcomes. By integrating 

clinical symptom assessment with baseline and post-

intervention measurement of serum vitamin 

concentrations, this study aimed to clarify the clinical 

relevance of targeted nutritional supplementation in a 

chronic schizophrenia population and to inform 

adjunctive treatment strategies tailored to this 

underrepresented clinical context. 

 

Materials and Methods 
 

Study Design and Setting 

This study was conducted as a randomized, double-

blind, placebo-controlled clinical trial at a psychiatric 

rehabilitation center affiliated with a university hospital. 

The trial was designed in accordance with CONSORT 

guidelines. The primary objective was to evaluate the 

effects of vitamin B12 and folic acid supplementation, 

administered alone or in combination, on deficit 

symptoms in patients with persistent schizophrenia. 

Secondary objectives were to assess effects on positive 

symptoms, cognitive function, and serum vitamin 

concentrations. 

This investigation was conducted as a randomized, 

double-blind, placebo-controlled clinical trial at a 

university-affiliated psychiatric rehabilitation center and 

adhered to CONSORT guidelines. Schizophrenia 

diagnoses were established according to DSM-5-TR 
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criteria and confirmed through structured interviews 

conducted by board-certified psychiatrists. Ethical 

approval was obtained from the institutional review 

board (approval code: IR.USWR.REC.1401.120), and 

the study was registered in a recognized clinical trial 

registry (registration number: 

IRCT20221018056233N1). All procedures complied 

with the Declaration of Helsinki. 
 

Participants and Recruitment 

Between December 2023 and September 2024, a total of 

431 patients were screened for eligibility. Of these, 343 

patients were excluded because they did not meet 

inclusion criteria, declined participation, or for other 

predefined reasons. 88 inpatients with chronic 

schizophrenia were ultimately enrolled using 

convenience sampling. The participant flow, including 

screening, randomization, and follow-up, is presented in 

the CONSORT flow diagram (figure 1). 

Inclusion criteria were: age between 18 and 65 years, a 

diagnosis of schizophrenia for at least two years, stable 

risperidone treatment with a daily dose of 6 mg or less 

for a minimum of 12 weeks prior to enrollment, no use 

of vitamin B12 or folate supplements during the 

preceding three months, absence of current or recent 

substance use disorders, and the ability to comply with 

study procedures. Normal intellectual functioning was 

confirmed using Raven’s Progressive Matrices. 

Exclusion criteria included comorbid neurological or 

medical conditions known to affect cognition (such as 

liver disease or megaloblastic anemia), malabsorption 

syndromes or special dietary restrictions, pregnancy or 

lactation, and cognitive or clinical conditions that 

precluded informed consent or adherence to the study 

protocol. 

Adjunctive biperiden (up to 6 mg/day) was permitted for 

the management of extrapyramidal symptoms, and 

clonazepam (up to 1 mg/day) was allowed as needed for 

insomnia under clinical supervision. The medication 

dosages were maintained at consistent levels for the 

duration of the study. Before being enrolled, all 

participants signed a written informed consent form. 
 

Sample Size Estimation 

The required sample size was calculated according to the 

primary endpoint, defined as the change in severity of 

negative symptoms assessed using the Scale for the 

Assessment of Negative Symptoms (SANS). Prior 

randomized controlled studies evaluating folate and 

vitamin B12 supplementation in individuals with 

schizophrenia — including a multicenter trial that 

demonstrated greater improvement in negative 

symptoms with combined folate and vitamin B12 

compared with placebo, as well as other controlled 

investigations examining the impact of folate on 

negative symptom domains — have reported substantial 

effect sizes (Cohen’s d ≈ 0.80) (22, 23). Using a two-

tailed significance level of 0.05 and a statistical power of 

80%, at least 22 participants were needed in each group. 

Considering that the study included four groups, the 

overall required sample size was therefore 88 

participants. 
 

Randomization and Blinding 

Participants were randomly assigned in a 1:1:1:1 ratio to 

one of four intervention groups: folic acid (1 mg/day), 

vitamin B12 (1 mg/day), combined folic acid plus 

vitamin B12 (1 mg/day each), or placebo, for a duration 

of eight weeks. Randomization was performed using a 

computer-generated random sequence created with the 

RAND function in Microsoft Excel. 

Allocation concealment was ensured by an independent 

hospital pharmacist who was not involved in participant 

assessment or clinical care. Active supplements and 

placebo tablets were identical in appearance, packaging, 

and labeling. Participants, treating clinicians, nursing 

staff, and outcome evaluators remained unaware of 

group assignments during the entire study period. 
 

Interventions 

Study medications were administered orally once daily 

for eight weeks. Adherence to supplementation was 

supervised by nursing staff who were not involved in 

outcome assessment. No changes to antipsychotic 

treatment were permitted during the study period unless 

clinically necessary. 
 

Outcome Measures 

The primary outcome measure was change in negative 

symptom severity from baseline to week 8, assessed 

using the SANS. The SANS includes 25 items assessing 

five distinct symptom domains and is scored on a six-

point scale, where higher scores reflect more severe 

symptoms (24, 25). 

Secondary outcome measures included positive 

symptom severity, assessed using the Scale for the 

Assessment of Positive Symptoms (SAPS), and global 

cognitive function, assessed using the Mini-Mental State 

Examination (MMSE). The SAPS includes 34 items 

assessing hallucinations, delusions, bizarre behavior, and 

formal thought disorder (25, 26). 

The MMSE is a 30-point screening instrument 

evaluating orientation, attention, memory, language, and 

visuospatial abilities. Serum vitamin B12 and folate 

concentrations were measured at baseline and at the end 

of the eight-week intervention period (27, 28). 

At both baseline and week 8, all clinical evaluations 

were carried out by trained psychiatrists with no 

knowledge of the assigned treatments. 
 

Statistical Analysis 

All statistical procedures were carried out using IBM 

SPSS Statistics (version 27). The distribution of 

continuous variables was evaluated for normality using 

the Shapiro – Wilk test, along with visual inspection of 

distribution plots. Continuous data are reported as mean 

± standard deviation or median with interquartile range, 

depending on data distribution. Categorical variables are 

summarized as counts and percentages. 

Changes within groups were examined using paired-

sample t-tests for variables demonstrating normal 
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distribution, whereas the Wilcoxon signed-rank test was 

applied to variables that did not meet normality 

assumptions. Comparisons across groups were 

performed using one-way analysis of variance 

(ANOVA) for normally distributed outcomes and the 

Kruskal – Wallis test for non-normally distributed data. 

When significant overall group differences were 

identified, post hoc pairwise analyses were conducted. 

Tukey’s test was used following ANOVA, while Mann – 

Whitney U tests with Holm – Bonferroni adjustment 

were applied after Kruskal – Wallis testing to control for 

multiple comparisons. Effect sizes were estimated using 

Cohen’s d for within-group analyses, partial eta squared 

(η²) for ANOVA, and epsilon squared (ε²) for Kruskal – 

Wallis tests. A two-tailed P-value of less than 0.05 was 

considered statistically significant. Exact P values and 

95% confidence intervals are reported where applicable. 

 

Results 
 

Participant Flow and Baseline Characteristics 

The flow of participants through the study is presented 

in the CONSORT flow diagram (Figure 1). As shown in 

Figure 1, 88 inpatients with chronic schizophrenia were 

randomly and equally allocated to one of four 

intervention groups: vitamin B12 supplementation, folic 

acid supplementation, combined vitamin B12 plus folic 

acid supplementation, or placebo (n = 22 per group). All 

individuals assigned to the study groups finished the 

eight-week intervention and were included in the 

intention-to-treat analysis, with no missing outcome 

measures. All randomized participants completed the 

eight-week intervention and were included in the 

intention-to-treat analysis. No missing outcome data 

were recorded. 

Baseline demographic, clinical, and biochemical 

parameters were comparable across the four study 

groups, reflecting effective randomization (Table 1). The 

mean age ranged from 46.7 to 51.6 years, with no 

significant differences observed between groups (one-

way ANOVA, P = 0.164). Distributions of sex, 

educational attainment, and illness duration were similar 

across groups (all P > 0.05). Additionally, baseline 

serum levels of vitamin B12 and folate showed no 

significant variation between the groups (vitamin B12: 

Kruskal – Wallis P = 0.074; folate: ANOVA P = 0.162). 

(Figure 2). Similarly, baseline scores on the SANS, 

SAPS, and MMSE exhibited no significant between-

group differences (all P > 0.05).  

After eight weeks of intervention, plasma levels of 

vitamin B12 and folate increased significantly in the 

groups receiving the corresponding supplements (Table 

2). In the vitamin B12 – only group, serum vitamin B12 

levels increased markedly compared with the baseline 

(Wilcoxon signed-rank test, P = 0.001), with a mean 

increase of 210.7 pg/mL. A similarly significant increase 

was observed in the combined supplementation group 

(mean increase: 177.1 pg/mL; P = 0.001). In contrast, no 

significant changes were observed in the folate-only or 

placebo groups. 

Between-group comparison of vitamin B12 change 

scores demonstrated a significant overall effect (Kruskal 

– Wallis H = 21.50, P < 0.001). Post-hoc pairwise 

analyses with Holm – Bonferroni correction confirmed 

that both vitamin B12 – containing groups showed 

significantly greater increases than the folate-only and 

placebo groups (adjusted P < 0.01). The between-group 

effect size was large (epsilon squared = 0.28). 

Serum folate levels increased significantly in both the 

folate-only and combined supplementation groups 

(paired t-tests, both P = 0.001), with mean increases of 

3.37 ng/mL and 3.59 ng/mL, respectively. No significant 

changes were observed in the vitamin B12 – only or 

placebo groups. Analysis of variance revealed a 

significant between-group effect for folate change scores 

(F (3,84) = 8.23, P < 0.001), and post-hoc Tukey tests 

confirmed significantly greater increases in folate-

containing groups compared with placebo (P < 0.01). 

The effect of folate, quantified using partial eta squared 

change, was 0.23, indicating a large effect. 

Negative Symptoms (Primary Outcome) 

Negative symptom severity, assessed using the SANS 

(Scale for the Assessment of Negative Symptoms) total 

score, improved significantly in all three 

supplementation groups over the eight-week intervention 

period (Table 3; Figure 2). Participants receiving vitamin 

B12 supplementation demonstrated a mean reduction of 

19.36 points on the SANS, reflecting a substantial effect 

within the group (Cohen’s d = 0.95; P = 0.001). 

Comparable improvements were observed in the folate-

only group (mean reduction: 25.00 points; d = 0.91; P = 

0.001) and in the combined supplementation group 

(mean reduction: 26.54 points; d = 0.80; P = 0.001). 

By contrast, the placebo group showed no statistically 

significant change in negative symptoms over the study 

period (mean reduction: 3.00 points; P = 0.156), with 

only a small effect size (d = 0.31). 

Between-group analysis of SANS change scores 

revealed a statistically significant overall difference 

(Kruskal – Wallis H = 21.83, P = 0.001), with a large 

effect size (epsilon squared = 0.27). Post-hoc Mann – 

Whitney U tests with Holm – Bonferroni adjustment 

demonstrated that each supplementation group differed 

significantly from placebo (adjusted P < 0.01). No 

meaningful statistical differences were found among the 

three active supplementation groups. Negative symptom 

outcomes are presented in Table 3 and visualized in 

Figure 3. 
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Figure 1. CONSORT Flow Diagram 
Effects of Vitamin B12 and Folic Acid Supplementation on Negative, Positive and Cognitive Symptoms 

in Individuals with Chronic Schizophrenia 
 

 

Table 1. Baseline Demographics and Clinical Characteristics of Patients with Chronic Schizophrenia in 
a Study of Vitamin B12 and Folate Supplementation (Mean ± SD [95% CI] or n [%]) 

 

Variable B12 Only Folate Only Combination Placebo Test & P-value 

Age (years) 
49.59 ± 8.43 (45.0 

– 54.2) 
51.63 ± 5.26 
(47.5 – 55.7) 

46.72 ± 8.33 
(41.4 – 52.0) 

49.86 ± 6.25 
(45.8 – 54.0) 

ANOVA F = 
1.87, P = 0.164 

Male, n (%) 15 (68.2%) 15 (68.2%) 18 (81.8%) 17 (77.3%) 
Fisher’s exact, 

P = 0.705 

Primary education, 
n (%) 

6 (27.3%) 7 (31.8%) 7 (31.8%) 6 (27.3%) 
Fisher’s exact, 

P = 0.996 

Serum Vitamin 
B12 (pg/mL) 

395.81 ± 89.01 
(347.9 – 443.7) 

485.35 ± 137.03 
(425.4 – 545.2) 

464.54 ± 142.19 
(403.8 – 525.3) 

438.71 ± 112.46 
(388.2 – 489.3) 

Kruskal – 
Wallis H = 

6.50, P = 0.074 
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Variable B12 Only Folate Only Combination Placebo Test & P-value 

Serum Folate 
(ng/mL) 

7.82 ± 3.88 (5.84 
– 9.80) 

7.60 ± 2.57 
(6.47 – 8.73) 

5.88 ± 3.66 
(4.10 – 7.66) 

6.48 ± 2.73 
(5.28 – 7.69) 

ANOVA F = 
1.77, P = 0.162 

MMSE* score 
21.59 ± 4.47 (19.3 

– 23.9) 
22.04 ± 4.27 
(19.9 – 24.1) 

19.22 ± 3.67 
(17.3 – 21.1) 

21.31 ± 3.99 
(19.4 – 23.2) 

Kruskal – 
Wallis H = 

5.04, P = 0.135 

SANS* score 
78.36 ± 28.93 
(65.1 – 91.6) 

89.50 ± 16.43 
(82.0 – 96.9) 

83.22 ± 22.36 
(72.5 – 94.0) 

80.18 ± 24.66 
(68.7 – 91.6) 

Kruskal – 
Wallis H = 

2.38, P = 0.485 

SAPS score 
63.77 ± 34.06 
(50.1 – 77.4) 

55.22 ± 27.52 
(45.0 – 65.5) 

52.54 ± 23.80 
(43.6 – 61.4) 

51.54 ± 26.98 
(41.8 – 61.2) 

ANOVA F = 
0.83, P = 0.473 

 

MMSE: Mini-Mental State Examination 
SANS: Scale for the Assessment of Negative Symptoms 
SAPS: Scale for the Assessment of Positive Symptoms 

 

 
Figure 2. Serum Vitamin B12 and Folate Concentrations at Baseline and Week 8 in Patients with 
Chronic Schizophrenia Undergoing Vitamin B12 and/or Folic Acid Supplementation or Placebo

 
 

Table 2. Serum Vitamin B12 and Folate Levels Pre- and Post-Intervention in Patients with Chronic 
Schizophrenia Undergoing Vitamin B12 and/or Folic Acid Supplementation or Placebo (Mean ± SD [95% 

CI]) 
 

Vitamin & 
Group 

Baseline Mean 
(95% CI) 

Week 8 Mean (95% 
CI) 

Change Mean ± 
SD (95% CI) 

Within-group p-
value 

Between-groups 
P-value 

Vitamin B12 
(pg/mL)      

B12 Only 
395.8 

 (347.9 – 443.7) 
606.5 

 (525.2 – 687.7) 
+210.7 ± 141.96 
(147.1 - 274.1) 

0.001 (Wilcoxon 
signed-rank test) 

< 0.001  
(Kruskal – Wallis test) 

Combination 
464.5  

(403.8 – 525.3) 
641.7  

(569.9 – 713.5) 
+177.1 ± 90.31 
(137.9 - 216.3) 

0.001 (Wilcoxon 
signed-rank test)  

Folate Only 
485.4 

 (425.4 – 545.2) 
419.8  

(350.2 – 489.4) 
−65.2 ± 161.19 
(−122.3 - −8.0) 

0.070 (Wilcoxon 
signed-rank test  

Placebo 
438.7  

(388.2 – 489.3) 
400.3  

(338.9 – 461.7) 
−38.5 ± 101.09 
(−73.6 - −3.3) 

0.089 (Wilcoxon 
signed-rank test)  
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Vitamin & 
Group 

Baseline Mean 
(95% CI) 

Week 8 Mean (95% 
CI) 

Change Mean ± 
SD (95% CI) 

Within-group p-
value 

Between-groups 
P-value 

Folate 
(ng/mL)      

Folate Only 7.60 (6.47 – 8.73) 10.98 (9.30 – 12.66) 
+3.37 ± 3.80 
(2.11 - 4.64) 

0.001  
(paired t-test) 

< 0.001 (ANOVA) 

Combination 5.88 (4.10 – 7.66) 9.48 (7.90 – 11.05) 
+3.59 ± 3.43 
(2.53 - 4.65) 

0.001  
(paired t-test)  

B12 Only 7.82 (5.84 – 9.80) 7.15 (4.50 – 9.80) 
−0.67 ± 2.67 
(−1.62 - 0.29) 

0.252  
(paired t-test)  

Placebo 6.48 (5.28 – 7.69) 5.73 (4.38 – 7.07) 
−0.75 ± 1.95 

(−1.34 - −0.17) 
0.086  

(paired t-test)  

 

 

Table 3. Change in Negative Symptoms (Scale for the Assessment of Negative Symptoms) from 
Baseline to Week 8 in Patients with Chronic Schizophrenia Receiving Different Interventions 

 

Group 
Baseline Mean 

(95% CI) 
Week 8 Mean 

(95% CI) 
Change Mean ± SD 

(95% CI) 
Within-group P-
value (Wilcoxon) 

Between-groups P-
value (Kruskal – 

Wallis) 

B12 Only 
78.4 

(65.1 – 91.6) 
59.0 (42.3 – 75.7) 

−19.4 ± 20.3 
(−27.8 - −11.0) 

0.001 
 

Combination 
83.2 

(72.5 – 94.0) 
56.7 (40.7 – 72.6) 

−26.5 ± 33.4 
(−39.9 - −13.1) 

0.001 
 

Folate Only 
89.5 

(82.0 – 96.9) 
64.5 (48.2 – 80.8) 

−25.0 ± 27.5 
(−36.1 - −13.9) 

0.001 0.001 

Placebo 
80.2 

(68.7 – 91.6) 
77.2 (66.4 – 88.0) 

−3.0 ± 9.56 
(−6.5 - 0.5) 

0.156 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 

Figure3. Effect of Vitamin B12 and Folate Supplementation on Negative Symptoms (Scale for the 
Assessment of Negative Symptoms) in Patients with Chronic Schizophrenia
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Positive Symptoms 

Positive symptom severity, measured using the SAPS 

total score, remained stable across all four groups 

throughout the intervention period (Table 4). Within-

group analyses revealed no statistically significant 

alterations in SAPS scores over the 8-week period in any 

group (all P > 0.05). Consistent with these findings, 

between-group comparison of SAPS change scores using 

one-way ANOVA showed no significant differences 

among the groups (F (3,84) = 0.13, P = 0.909), with 

negligible effect sizes. 

 

Table 4. Baseline and Week 8 Positive Symptom Scores (Scale for the Assessment of Positive 
Symptoms) and Change Scores Across Four Treatment Groups (B12 Only, Combination, Folate Only, 

Placebo) in Chronic Schizophrenia 
 

Group 
Baseline Mean 

(95% CI) 
Week 8 Mean (95% 

CI) 
Change Mean ± SD  

(95% CI) 
Within-group 

P-value 

Between-
groups P-value 

(ANOVA) 

B12 Only 63.8 (50.1 – 77.4) 68.3 (53.5 – 83.1) 
+4.54 ± 11.43 

(−0.7 - 9.8) 
0.076 

 

Combination 52.5 (43.6 – 61.4) 54.9 (45.6 – 64.2) 
+2.31 ± 12.12 

(−3.6 - 8.2) 
0.380 

 

Folate Only 55.2 (45.0 – 65.5) 58.0 (47.4 – 68.6) 
+2.81 ± 10.10 

(−1.3 - 6.9) 
0.205 0.909 

Placebo 51.5 (41.8 – 61.2) 54.5 (43.9 – 65.1) 
+2.95 ± 8.57 

(0.1 - 5.8) 
0.121 

 

 
Cognitive Function 

Global cognitive performance, assessed using the 

MMSE, showed no significant variation during the study 

in any group (Table 5). Within-group analyses 

demonstrated that no statistically meaningful differences 

were detected in MMSE scores over time (all P > 0.05). 

Between-group comparison of MMSE change scores 

likewise revealed no significant differences (Kruskal – 

Wallis H = 4.63, P = 0.275). Effect sizes for MMSE 

changes were small (Cohen’s d < 0.30), indicating no 

detectable impact of supplementation on global 

cognitive function. 

 
Table 5. Baseline and Week 8 Mini-Mental State Examination (MMSE) Scores and Change Scores 

Across Four Treatment Groups in Patients with Chronic Schizophrenia 
 

Group 
Baseline Mean 

(95% CI) 
Week 8 Mean 

(95% CI) 
Change Mean ± SD 

(95% CI) 
Within-group P-
value (paired t) 

Between-groups 
P-value (Kruskal 

– Wallis) 

B12 Only 21.6 (19.3 – 23.9) 22.3 (19.9 – 24.6) 
+0.68 ± 2.23  

(−0.04 – 1.40) 
0.179 

 

Combination 19.2 (17.3 – 21.1) 20.2 (18.0 – 22.4) 
+0.95 ± 2.25 
(0.08 – 1.82) 

0.060 
 

Folate Only 22.0 (19.9 – 24.1) 22.4 (20.3 – 24.5) 
+0.40 ± 2.50 (−0.62 – 

1.42) 
0.451 0.275 

Placebo 21.3 (19.4 – 23.2) 20.0 (16.5 – 23.6) 
−1.31 ± 3.99 (−3.16 – 

0.54) 
0.336 

 

 
Summary of Findings 

In summary, eight weeks of intake of vitamin B12 

and/or folic acid resulted in significant increases in 

serum vitamin concentrations and produced robust, 

indicating clinically meaningful improvements in 

negative symptoms compared with placebo. In contrast, 

no meaningful impacts were observed on positive 

symptoms or global cognitive performance. 

 

Discussion 
In this double-blind, randomized, placebo-controlled 

trial, adjunctive supplementation with vitamin B12 

and/or folic acid resulted in significant and clinically 

meaningful improvements in negative symptoms among 

patients with chronic schizophrenia. These 

improvements were observed consistently across all 

supplementation groups and were accompanied by 

robust increases in serum concentrations of the 
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administered vitamins, confirming adequate biological 

exposure. In contrast, supplementation had no significant 

effect on positive symptoms or global cognitive 

performance. 

The observed improvement in negative symptoms is 

consistent with a growing body of literature supporting 

the role of B vitamins as adjunctive treatments in 

schizophrenia, particularly for symptom domains that 

are poorly responsive to antipsychotic medications. 

Several randomized controlled trials and meta-analyses 

have reported beneficial effects of folate and vitamin 

B12 supplementation on negative symptoms, with effect 

sizes comparable to those observed in the present study 

(17, 18, 22, 29). The finding that all supplementation 

strategies—vitamin B12 alone, folic acid alone, and their 

combination—were associated with significant symptom 

reduction suggests that the correction of deficiencies in 

one-carbon metabolism may be sufficient to produce 

clinical benefit in this domain (10, 30-32). 

The biological plausibility of these findings could be 

attributed to the involvement of vitamin B12 and folate 

in one-carbon metabolism, a critical process for DNA 

methylation, neurotransmitter synthesis, and regulation 

of inflammatory and oxidative stress pathways. 

Disruptions in these processes have been implicated in 

the pathophysiology of negative symptoms, particularly 

through effects on prefrontal cortical functioning and 

dopaminergic signaling (33, 34). Although 

homocysteine was not measured in the present study, the 

significant elevation of serum vitamin levels supports 

the interpretation that metabolic capacity was enhanced 

during the intervention period. 

Notably, the combined supplementation group 

demonstrated the greatest numerical reduction in 

negative symptom severity, although differences among 

active treatment groups were not statistically significant. 

This pattern is consistent with prior work suggesting 

potential additive or synergistic effects of combined 

folate and vitamin B12 supplementation, while also 

indicating that either vitamin alone may confer 

meaningful benefit in appropriately selected patients (10, 

30-32). 

In contrast to the robust effects on negative symptoms, 

no significant changes were observed in positive 

symptoms or cognitive performance. These findings 

align with previous studies indicating that positive 

symptoms are largely driven by dopaminergic 

mechanisms that are less directly influenced by 

nutritional interventions (16, 18, 35, 36).  

The absence of cognitive improvement may reflect 

several factors, including the chronicity of illness in the 

study population and the use of the Mini-Mental State 

Examination as a global cognitive screening tool, which 

may lack sensitivity to detect changes in specific 

cognitive domains relevant to schizophrenia (37-39). 

Our findings differ from those reported by Chen et al. 

(2024), who did not observe significant effects of folate 

and vitamin B12 supplementation on either positive or 

negative symptoms (14). 

 Several methodological and clinical differences may 

account for this discrepancy, including variations in 

illness duration, baseline nutritional status, intervention 

length, and population characteristics. In particular, 

regional dietary patterns, genetic variability affecting 

folate metabolism, and differences in symptom severity 

may influence responsiveness to supplementation and 

underscore the importance of contextualizing nutritional 

interventions within specific patient populations. 

The marked increases in serum vitamin B12 and folate 

achieved in the supplemented groups are clinically and 

biologically significant, given that deficiencies in these 

vitamins are consistently linked with greater negative 

symptom severity and poorer clinical outcomes (22, 40-

43). 

Our results align with several prior randomized 

controlled trials. For instance, Roffman et al. 

demonstrated alleviation of negative symptoms with 

folate plus vitamin B12 supplementation, particularly 

among genetically stratified subpopulations (22). 

Similarly, Levine et al. reported symptomatic benefits of 

combined B vitamins in patients with elevated 

homocysteine levels (44). Additionally, a systematic 

review highlights the promise of B vitamins in targeting 

deficit symptoms and cognitive impairments in 

schizophrenia, underscoring the relevance of our 

findings (16). 

Taken together, the present results support the potential 

utility of Vitamin B12 and folate therapy as safe, 

accessible, and cost-effective adjunctive treatments for 

persistent negative symptoms in chronic schizophrenia. 

While supplementation should not be considered a 

replacement for antipsychotic therapy, routine 

assessment of nutritional status and targeted correction 

of deficiencies may represent a pragmatic strategy to 

address symptom domains that remain inadequately 

treated with standard pharmacotherapy. 

 

Limitation 
Several limitations should be considered when 

interpreting these findings. The relatively short 

intervention duration (eight weeks) and moderate sample 

size may have limited the detection of smaller or delayed 

effects, particularly for cognitive outcomes. Although 

serum vitamin B12 and folate concentrations were 

quantified to confirm biological exposure, functional 

markers of one-carbon metabolism (e.g., homocysteine) 

were not assessed, limiting mechanistic interpretation. 

Dietary intake of vitamin B12 and folate was not 

formally quantified; however, all participants were long-

term inpatients receiving a standardized hospital diet, 

which likely reduced interindividual variability. 

Cognitive function was assessed using the MMSE, a 

global screening tool with limited sensitivity to the 

domain-specific cognitive deficits characteristic of 

schizophrenia; therefore, null cognitive findings should 
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be interpreted cautiously. Finally, although concomitant 

medications such as biperiden and clonazepam were 

kept at stable doses, their potential effects on negative or 

cognitive symptoms cannot be entirely excluded. 

 

Conclusion 
In summary, this randomized, double-blind, placebo-

controlled study shows that adding vitamin B12 and/or 

folic acid as a supplement markedly alleviates the 

severity of negative symptoms in individuals with 

chronic schizophrenia, while having no detectable effect 

on positive symptoms or global cognitive function over 

an eight-week period. These findings provide clinical 

support for integrating nutritional assessment and 

targeted vitamin supplementation into comprehensive 

treatment strategies for patients with persistent negative 

symptoms. Subsequent studies should aim to determine 

which patient subgroups are most likely to respond to 

supplementation and on optimizing intervention duration 

and biomarker-guided treatment approaches. 

 

Acknowledgment 
We gratefully acknowledge the participation of all 

patients who contributed to this research. 

 

Funding 
This research received no specific grant from any 

funding agency, commercial or not-for-profit sectors. 

 

Conflict of Interest 
None. 

 

Author’s Contributions 
Conception or design:,Omid Rezaei, Mahnaz Shahali, 

Gita Sadighi; Data acquisition: Mahnaz Shahali, Gita 

Sadighi,Omid Rezaei Data analysis: Gita Sadighi , Omid 

Rezaei, Mahnaz Shahali; Data interpretation: Gita 

Sadighi ,Omid Rezaei, Mahnaz Shahali, Reza Momeni 

Shideh; Drafting: ,Gita Sadighi, Reza Momeni Shideh, 

Omid Rezaei, Mahnaz Shahali;Critical review: all 

authors; Final approval: all authors; All authors are 

accountable for all aspects of the work. 

 

 

 

References 
 

1. Davidson M, Carpenter WT, Jr. Targeted 
Treatment of Schizophrenia Symptoms as They 
Manifest, or Continuous Treatment to Reduce 
the Risk of Psychosis Recurrence. Schizophr 
Bull. 2024;50 (1):14-21. 

2. Remington G, Foussias G, Fervaha G, Agid O, 
Takeuchi H, Lee J, et al. Treating Negative 
Symptoms in Schizophrenia: an Update. Curr 
Treat Options Psychiatry. 2016;3:133-50. 

3. Onaolapo OJ, Onaolapo AY. Nutrition, 
nutritional deficiencies, and schizophrenia: An 
association worthy of constant reassessment. 
World J Clin Cases. 2021;9 (28):8295-311. 

4. Bansal V, Chatterjee I. Association of vitamins 
and neurotransmitters: understanding the effect 
on schizophrenia. Neurochemical Journal. 
2022;16(1):39-45. 

5. Helaly AMN, Ghorab D. Schizophrenia as 
metabolic disease. What are the causes? Metab 
Brain Dis. 2023;38 (3):795-804. 

6. Cao B, Sun XY, Zhang CB, Yan JJ, Zhao QQ, 
Yang SY, et al. Association between B vitamins 
and schizophrenia: A population-based case-
control study. Psychiatry Res. 2018;259:501-5. 

7. Zhilyaeva T, Sergeeva A, Blagonravova A, 
Mazo G, Kibitov A. One-carbon metabolism 
disorders in schizophrenia: genetic and 
therapeutic aspects. Neurochemical Journal. 
2019;13(2):113-20. 

8. Alachkar A, Wang L, Yoshimura R, Hamzeh AR, 
Wang Z, Sanathara N, et al. Prenatal one-
carbon metabolism dysregulation programs 
schizophrenia-like deficits. Mol Psychiatry. 
2018;23 (2):282-94. 

9. Yan Y, Zhou D, Chen J. Navigating Nutritional 
Inequality in Schizophrenia: A Comprehensive 
Exploration of Diet, Genetics, and Holistic 
Management Across the Life Cycle. Nutrients. 
2024;16 (21) :3738. 

10. Łoboś P, Regulska-Ilow B. Link between methyl 
nutrients and the DNA methylation process in 
the course of selected diseases in adults. Rocz 
Panstw Zakl Hig. 2021;72 (2):123-36. 

11. Kulaksızoglu B, Kulaksızoglu S, Ellidag HY, 
Cinemre B, Baykal A, Yılmaz N. Increased 
ratios of homocysteine/vitamin B12, 
homocysteine/folate and methionine/vitamin 
B12 in schizophrenic patients. Neurochemical 
Journal. 2016;10(2):166-71. 

12. Pana A. Homocysteine and neuropsychiatric 
disease. Psychiatric Annals. 2015;45(9):463-8. 

13. Yang Y, Wang J, Xiong Z, Yao X, Zhang Y, 
Ning X, et al. Prevalence and clinical 
demography of hyperhomocysteinemia in Han 
Chinese patients with schizophrenia. Eur Arch 
Psychiatry Clin Neurosci. 2021;271 (4):759-65. 

14. Chen CH, Chiu CC, Chiu YH, Chang CH, 
Chang YH, Huang MC, et al. Folate and vitamin 
B12 supplementation in patients with 
schizophrenia and low serum folate level: A 24-
week randomized, double-blind, placebo-
controlled study. J Formos Med Assoc. 
2026;125 (1):66-71. 

15. Bekdash RA. Epigenetics, Nutrition, and the 
Brain: Improving Mental Health through Diet. Int 
J Mol Sci. 2024;25 (7):4036. 

16. Firth J, Stubbs B, Sarris J, Rosenbaum S, 
Teasdale S, Berk M, et al. The effects of vitamin 
and mineral supplementation on symptoms of 
schizophrenia: a systematic review and meta-
analysis. Psychol Med. 2017;47 (9):1515-27. 

17. Simamora RH, Loebis B, Husada MS, Effendy 
E. Folic Acid and Vitamin B12 Supplementation 
on Male Patients with Schizophrenia 



Shah Ali, Rezaei, Momeni Shideh, et al. 

  Iranian J Psychiatry 21: 3, July 2026 ijps.tums.ac.ir 280 

Predominant Negative Symptoms. Current 
Nutrition & Food Science. 2020;16(1):98-104. 

18. Sakuma K, Matsunaga S, Nomura I, Okuya M, 
Kishi T, Iwata N. Folic acid/methylfolate for the 
treatment of psychopathology in schizophrenia: 
a systematic review and meta-analysis. 
Psychopharmacology (Berl). 2018;235 (8):2303-
14. 

19. Wan L, Wei J. Early-Onset Schizophrenia: A 
Special Phenotype of the Disease 
Characterized by Increased MTHFR 
Polymorphisms and Aggravating Symptoms. 
Neuropsychiatr Dis Treat. 2021;17:2511-25. 

20. Cheng BF, Liang Y, Wu Q. Unraveling the 
mysteries of schizophrenia: Insights into 
prefrontal cortex dysfunction and therapeutic 
implications. World J Psychiatry. 2025;15 
(11):107604. 

21. Marazziti D, Mucci F, Avella MT, Palagini L, 
Simoncini M, Dell'Osso L. The increasing 
challenge of the possible impact of ethnicity on 
psychopharmacology. CNS Spectr. 2021;26 
(3):222-31. 

22. Roffman JL, Lamberti JS, Achtyes E, Macklin 
EA, Galendez GC, Raeke LH, et al. 
Randomized multicenter investigation of folate 
plus vitamin B12 supplementation in 
schizophrenia. JAMA Psychiatry. 2013;70 
(5):481-9. 

23. Hill M, Shannahan K, Jasinski S, Macklin EA, 
Raeke L, Roffman JL, et al. Folate 
supplementation in schizophrenia: a possible 
role for MTHFR genotype. Schizophr Res. 
2011;127 (1-3):41-5. 

24. Andreasen NC. The Scale for the Assessment 
of Negative Symptoms (SANS): conceptual and 
theoretical foundations. Br J Psychiatry Suppl. 
1989 (7):49-58. 

25. Ghamari Givi H, Moulavi P, Heshmati R. 
Exploration of the factor structure of positive 
and negative syndrome scale in schizophernia 
spectrum disorder. Clinical Psychology: 
Research and Practice Innovations. 
2010;2(2):1-10. 

26. Kay SR, Opler LA, Lindenmayer JP. The 
Positive and Negative Syndrome Scale 
(PANSS): rationale and standardisation. Br J 
Psychiatry Suppl. 1989 (7):59-67. 

27. Gharaeipour M, Andrew MK. Examining 
Cognitive Status of Elderly Iranians: Farsi 
Version of the Modified Mini-Mental State 
Examination. Appl Neuropsychol Adult. 2013;20 
(3):215-20. 

28. Mitchell AJ. The Mini-Mental State Examination 
(MMSE): an update on its diagnostic validity for 
cognitive disorders. Cognitive screening 
instruments: A practical approach: Springer; 
2012. p. 15-46. 

29. Agmashe S, Sadighi G, Radman N, Mazinani R. 
Effects of B Vitamins on Symptoms and 
Cognitive Functions in Schizophrenia: A 
Randomized, Double-Blind, Placebo-Controlled 
Clinical Trial. Iran J Psychiatry. 2025;20 (1):3-
11. 

30. Aucoin M, LaChance L. Vitamin B12, vitamin 
B6, folic acid and psychosis: a review. J 
Orthomol Med. 2018;35. 

31. Ye M, Yang X, Yan J, Yao Y, Lv H, Yue Z, et al. 
Causal relationship between B vitamins and 
neuropsychiatric disorders: A systematic review 
and meta-analysis. Neurosci Biobehav Rev. 
2025;170:106068. 

32. Peedicayil J. Role of epigenetics in 
pharmacotherapy, psychotherapy and nutritional 
management of mental disorders. J Clin Pharm 
Ther. 2012;37 (5):499-501. 

33. Amenyah SD, Hughes CF, Ward M, 
Rosborough S, Deane J, Thursby SJ, et al. 
Influence of nutrients involved in one-carbon 
metabolism on DNA methylation in adults-a 
systematic review and meta-analysis. Nutr Rev. 
2020;78 (8):647-66. 

34. Frajerman A, Urban M, Rivollier F, Plaze M, 
Chaumette B, Krebs MO, et al. Abnormalities in 
one-carbon metabolism in young patients with 
psychosis. Front Psychiatry. 2023;14:1128890. 

35. Holloway JB. The role of herbal and 
nutraceutical supplementation in the 
amelioration of schizophrenia and 
schizoaffective symptomology. Scientia et 
Humanitas. 2016;6:95-114. 

36. Allott K, McGorry PD, Yuen HP, Firth J, Proffitt 
TM, Berger G, et al. The Vitamins in Psychosis 
Study: A Randomized, Double-Blind, Placebo-
Controlled Trial of the Effects of Vitamins B (12), 
B (6), and Folic Acid on Symptoms and 
Neurocognition in First-Episode Psychosis. Biol 
Psychiatry. 2019;86 (1):35-44. 

37. Ayesa-Arriola R, Pérez-Iglesias R, Rodríguez-
Sánchez JM, Mata I, Gómez-Ruiz E, García-
Unzueta M, et al. Homocysteine and cognition 
in first-episode psychosis patients. Eur Arch 
Psychiatry Clin Neurosci. 2012;262 (7):557-64. 

38. dos Reis FP, Duarte L, Cartaxo T, Santos V. 
Folic acid, vitamin B12, and psychotic 
symptoms among young psychiatric inpatients. 
BIRTH AND GROWTH MEDICAL JOURNAL. 
2021;30(2):85-91. 

39. Roffman JL. B Vitamin Supplements in First-
Episode Psychosis: Some Neurodevelopmental 
and Physiologic Context. Biol Psychiatry. 
2019;86 (1):4-6. 

40. Firth J, Carney R, Stubbs B, Teasdale SB, 
Vancampfort D, Ward PB, et al. Nutritional 
Deficiencies and Clinical Correlates in First-
Episode Psychosis: A Systematic Review and 
Meta-analysis. Schizophr Bull. 2018;44 
(6):1275-92. 

41. Goff DC. Future perspectives on the treatment 
of cognitive deficits and negative symptoms in 
schizophrenia. World Psychiatry. 2013;12 
(2):99-107. 

42. Arroll MA, Wilder L, Neil J. Nutritional 
interventions for the adjunctive treatment of 
schizophrenia: a brief review. Nutr J. 
2014;13:91. 

43. Abd El Mawella S, Hussein H, Ahmed T. Folate, 
vitamin B [sub] 12, and negative symptoms in 



B12-Folate Supplementation in Schizophrenia 

 
Iranian J Psychiatry 21: 3, July 2026 ijps.tums.ac.ir 281 

schizophrenia. Egyptian Journal of Psychiatry. 
2018;39(2):89-.. 

44. Levine J, Stahl Z, Sela BA, Ruderman V, 
Shumaico O, Babushkin I, et al. Homocysteine-
reducing strategies improve symptoms in 

chronic schizophrenic patients with 
hyperhomocysteinemia. Biol Psychiatry. 
2006;60 (3):265-9. 

 

 

 

 

 

 

 

 

 

 


