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Abstract 
The coexistence of depression and type 2 diabetes mellitus (T2DM) can significantly 

worsen disease prognosis and lower quality of life. Emerging evidence suggests that 

vitamin D deficiency contributes to the progression of T2DM and is closely associated with 

the development of depression. The aim of this study was to investigate the effects of 

cholecalciferol on depression in patients with T2DM, exploring its mechanisms by 

analyzing its impact on C-peptide, serotonin, and neurotrophin-3 levels. A double-blind, 

randomized, placebo-controlled clinical trial was conducted at Cipto Mangunkusumo 

General Hospital, Jakarta, Indonesia, from April 2021 to September 2022. Patients with 

T2DM and depressive symptoms were randomly assigned to two groups: received 4000 

IU of cholecalciferol daily and received a placebo for 12 weeks. Depression was assessed 

using the Beck Depression Inventory-II (BDI-II) before and 12 weeks after the 

intervention. The levels of C-peptide, serotonin, and neurotrophin-3 were measured at the 

end of the fourth week of intervention using the enzyme-linked immunosorbent assay 

(ELISA) method. Between-group comparisons were made using independent Student t-

tests and Mann-Whitney U tests. Paired Student t-tests or Wilcoxon tests were applied for 

within-group comparisons between pre- and post-intervention. A total of 70 T2DM 

patients with depression were included in this study, comprising 38 patients in the 

cholecalciferol group and 32 in the placebo group. C-peptide levels increased significantly 

in the cholecalciferol group compared to the placebo group (p=0.006). No significant 

differences were observed in serotonin and NT-3 levels between the cholecalciferol group 

compared to the placebo group. The cholecalciferol group had a significantly greater 

reduction in BDI-II scores compared to the placebo group (p<0.001). This trial highlights 

that taking cholecalciferol might help ease mild to moderate depression symptoms in 

patients with T2DM by enhancing c-peptide levels, though its effects on serotonin and 

neurotrophin-3 are still unclear. 
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Introduction 

Depression and type 2 diabetes mellitus (T2DM) represent significant global public health 

challenges, with their coexistence exacerbating the impact of both conditions. Comorbid 

depression in individuals with T2DM complicates clinical management, leading to poorer 

glycemic control, increased complications, non-compliance with treatment, and a decline in 

quality of life [1,2]. The financial burden of care for those with T2DM and concurrent depression 

is notably higher compared to individuals with T2DM alone [3,4]. This bidirectional relationship 

not only positions T2DM as a risk factor for depression but also reveals that individuals with 

T2DM face an elevated risk of experiencing depressive symptoms [5,6]. The underlying causes of 

depression are multifactorial, involving genetic predisposition, dysregulation of the 

hypothalamic-pituitary-adrenal (HPA) axis, deficiencies in monoamines, and alterations in 

various brain regions [7]. The incidence of depression among individuals with T2DM is reported 

to be twice that of the general population, with one in four individuals with T2DM experiencing 

depression [8]. The global prevalence of depression in T2DM population ranges from 18% to 25% 

[9]. 

Recent studies have shown that vitamin D insufficiency has been linked to reduced 

neuroplasticity, potentially hindering recovery in those suffering from depression  [10,11]. This 

vitamin is crucial for mood regulation, influencing serotonin synthesis, a neurotransmitter that 

significantly impacts emotional well-being. A previous study has demonstrated a clear connection 

between low vitamin D levels and increased vulnerability to depressive symptoms, underscoring 

the importance of addressing vitamin D deficiency in this population [12]. Additionally, vitamin 

D plays a vital role in metabolic processes, including insulin production and glucose metabolism, 

with low levels being associated with an increased risk of metabolic diseases such as diabetes and 

obesity [13]. Improving vitamin D status may thus yield benefits for both mental and metabolic 

health, thereby reducing the risk of related disorders [14].  

In recent years, alternative treatments for depression beyond conventional antidepressants 

have garnered attention, with vitamin D emerging as a potential therapeutic option. The 

pathophysiology of depression has been associated with vitamin D receptors located in various 

brain regions, including the cingulate cortex and hippocampus [15]. Notably, reduced levels of 

neurotrophin-3 (NT-3)—a protein critical for neuron growth and survival—have been correlated 

with low vitamin D levels [10]. NT-3 is integral to neurobiological processes underlying mood and 

anxiety disorders, particularly in neurogenesis [16]. Post-mortem studies have shown decreased 

NT-3 levels in the parietal cortex of depressed patients, with peripheral NT-3 levels also 

diminished in those with depression [17,18]. In addition, serotonin (5-hydroxytryptamine, 5-HT) 

is another key player in mood regulation, influencing various physiological functions, including 

mood, sleep, appetite, and energy expenditure [19]. In peripheral tissues, serotonin enhances 

insulin secretion; thus, decreases in extracellular serotonin can lead to fluctuations in insulin 

production. A study has demonstrated that serotonin metabolism is impaired in individuals with 

depression and in those who succumb to depression-related causes [20]. Additionally, C-peptide 

serves as a marker for pancreatic islet cell function, providing insights into endogenous insulin 

deficiency [21]. Elevated C-peptide levels two hours postprandial correlate with improved 

outcomes in T2DM, while lower levels are linked to increased depressive symptoms [22]. 

Fluctuations in blood glucose, resulting from low C-peptide levels, can provoke anxiety and 

exacerbate depressive symptoms [23]. 

Given its accessibility and low cost, vitamin D supplementation presents a promising avenue 

for alleviating depressive symptoms in individuals with T2DM. While current studies remain 

inconclusive, there is potential for vitamin D to positively influence depression in the T2DM 

population. The aim of this study was to investigate the effects of cholecalciferol (vitamin D) on 

depression in patients with T2DM, exploring its mechanisms by analyzing its impact on C-

peptide, serotonin, and NT-3 levels.  
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Methods 

Study design and setting 

A double-blind, randomized, placebo-controlled clinical trial was conducted at Cipto 

Mangunkusumo General Hospital, Jakarta, Indonesia, from April 2021 to September 2022. The 

trial was registered on ClinicalTrials.gov (NCT04917458). The report was prepared following the 

CONSORT checklist guidelines [24]. The study was conducted on T2DM patients with depressive 

symptoms recruited using consecutive sampling techniques. The study aimed to evaluate the 

effects of cholecalciferol administration compared to placebo on depressive symptoms assessed 

using the Beck Depression Inventory-II (BDI-II) scores as the primary outcome and on NT-3, 

serotonin, and C-peptide as secondary outcomes. 

Patients 

This study included patients with T2DM and depression. The diagnosis of T2DM was based on 

the American Diabetes Association's guidelines [25], with patients having previously been 

diagnosed by an endocrinologist through fasting blood glucose (FBG) levels exceeding 126 

mg/dL. Depression severity, ranging from mild to moderate, was assessed using the BDI-II scale 

[26]. Additional inclusion criteria required that patients had not used vitamin D supplements for 

at least three months before and throughout the trial period. Patients with pre-existing conditions 

that could affect calcium or vitamin D metabolism (such as liver, kidney, skin, or nervous system 

diseases) were excluded, as well as those on high doses of steroids or immunomodulators. 

Pregnant or breastfeeding women and patients receiving antidepressant medications were also 

excluded from the study. Loss to follow-up patients were those who were unable to complete the 

study due to unwillingness or side effects of the intervention. 

Written informed consent was obtained from all patients who agreed to participate in the 

clinical trial. Patients continued receiving standard treatment during the study. Weekly check-ins 

were conducted to ensure adherence to the treatment protocol and address any concerns or 

complaints. 

Sample size and randomization 

A formula to calculate the minimum sample size for a randomized control trial [27] was followed. 

Considering a 20% dropout rate, the minimum sample size was determined to be 76 patients 

across the two groups (cholecalciferol and placebo). Randomization was conducted digitally using 

a block-permuted randomization technique with block sizes of 4 and 6. To maintain the integrity 

of the treatment sequence, the randomization intervention code was concealed in a sealed 

envelope. The Department of Pharmacy of Cipto Mangunkusumo General Hospital, Jakarta, 

Indonesia, held the code for the type of therapy (either cholecalciferol or placebo) and was 

responsible for preparing both the cholecalciferol and placebo drugs used in this study, thereby 

ensuring a double-blind design. Consequently, neither the investigators, the attending 

physicians, nor the patients were aware of the type of therapy administered. 

Baseline assessment 

To ensure that patients with T2DM and depression did not differ significantly between the 

cholecalciferol and placebo groups, baseline characteristics were assessed. Sociodemographic 

data and anthropometric measurements were collected. Information regarding sex, age, and 

marital status was primarily obtained from the National Identity Card. Anthropometric 

measurements (body weight, height, and body mass index) were performed using standardized 

procedures and calibrated equipment. To ensure accuracy, duplicate measurements were taken, 

and in cases of discrepancies, additional measurements were conducted until a precise value was 

obtained. Patients self-reported their highest educational attainment, the type of anti-diabetic 

regimen, and the duration since their T2DM diagnosis. Blood pressure (BP), including diastolic 

and systolic values (DBP and SBP, respectively), was measured using a standard 

sphygmomanometer while the patients were seated. 

Additionally, triglycerides (TG), high-density lipoprotein (HDL), and low-density 

lipoprotein (LDL) levels were assessed using an autoanalyzer. Vitamin D intake, vitamin D status, 

and the conversion of daily sun exposure to vitamin D were calculated based on a subjective 
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questionnaire. Ultraviolet (UV) dose and vitamin D production were estimated using Holick's 

rule, which states that sun exposure of one-quarter of the minimum erythemal dose (MED) on 

one-quarter of the body area is equivalent to 1000 IU of oral vitamin D3 [28,29]. To measure this, 

data were collected on the duration and time of sun exposure, specifically asking patients about 

their average time spent outdoors. The percentage of body area exposed to sunlight was 

determined based on the Lund Browder criteria (face: 9%, hands: 6%, forearms: 6%, feet: 3%, 

and face, hands, forearms, and feet: 24%) [30,31]. The standard erythemal dose (SED) was 

calculated using the formula 0.9×UV index, with Indonesia's UV index considered to be 6 [32-

34]. Thus, MED was calculated as 2× SED [35]. Vitamin D dosage was derived from Holick's rule: 

¼×MED×body area exposed, which translates to ¼×1000 [36,37].  

A food frequency questionnaire was utilized to measure daily vitamin D intake, asking 

patients to report how often they consumed specific foods divided into four categories (never, 

once/month, twice/month, three times/month, and more than four times/month). Foods high in 

vitamin D, such as dairy products and fish, as well as fortified foods like juices and cereals, 

received special attention [38,39]. Finally, BDI-II scores and categorical statuses were assessed 

by a certified internist specializing in psychosomatic and palliative medicine. 

Intervention 

Two groups of patients were assigned: one group received 4000 IU of cholecalciferol daily, while 

the other group was given a placebo, with the placebo capsules composed of a lactose-based shell. 

The size, color, and shape of the cholecalciferol and placebo capsules were identical to maintain 

blinding. The intervention was conducted over 12 weeks. Throughout the trial, patients continued 

their regular anti-diabetic medications and were advised to adhere to their usual diets and 

exercise routines. 

Outcomes and measurements 

The primary outcome, depression, was assessed using the BDI-II scale after the 12-week 

intervention. The BDI-II score was derived from responses to 21 items, each rated on a four-point 

Likert scale (0–3). Depression levels were categorized as mild (scores 14–19), moderate (scores 

20–28), and severe (scores 29–63) [26].  

Blood samples were collected from the median cubital vein before the intervention started 

and at the end of the fourth week of intervention to evaluate the secondary outcomes (NT-3, 

serotonin, and C-peptide). The Samples were drawn into tubes containing potassium 

ethylenediaminetetraacetic acid (EDTA) and analyzed using ELISA kits (all from Elabscience, 

Wuhan, China). For the C-peptide analysis, 100 µL of blood was used (Human CP(C-Peptide) 

ELISA Kit, E-EL-H6020, Elabscience), while serotonin required 50 µL (ST/5-HT(Serotonin/5-

Hydroxytryptamine) ELISA Kit, E-EL-0033, Elabscience), and NT-3 required 100 µL (Human 

NT-3(Neurotrophin 3) ELISA Kit, E-EL-H1896, Elabscience). 

 Serum 25-hydroxyvitamin D (25-OH vitamin D) levels were measured using an ELISA kit 

(25-OH Vitamin D Total ELISA Kit, DS167701, Diasino, Zhengzhou, China). Vitamin D status was 

categorized into three groups: sufficient (≥30 ng/mL), insufficient (20−29 ng/mL), and deficient 

(<20 ng/mL) [40]. 

Statistical analyses 

The normality of the parameters was evaluated using the Kolmogorov-Smirnov test. 

Demographic characteristics were summarized through descriptive statistics, with mean and 

standard deviation (SD) reported for continuous variables, and frequencies and percentages for 

categorical variables. Anthropometric, clinical, and biochemical factors between the two groups 

were compared using the Student independent t-test or the Mann-Whitney test for the 

continuous variables and the Chi-squared test for categorical variables. Additionally, paired 

student t-test or Wilcoxon test were used, as appropriate, to compare values before and after the 

intervention. Statistical significance was considered at a p-value of less than 0.05. All analyses 

were performed using SPSS software (IBM SPSS Corp., Chicago, USA) version 29.0.2 for MacOS. 
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Results 

Characteristics of the patients 

Out of the 118 patients who provided consent, 41 of them were excluded due to various factors 

such as severe depression, prior vitamin D supplementation, kidney or liver issues, or 

neurological disorders. Consequently, 77 eligible patients were included in the study. These 

patients were divided into two groups, including 40 who received cholecalciferol, while 37 were 

given a placebo. Seven patients did not complete the study and were excluded from the final 

analysis. One patient from the placebo group complained of nausea, leading to the 

discontinuation of treatment. The other six patients, four patients from placebo groups and two 

patients from the cholecalciferol group, were unwilling to continue the trial due to personal or 

family reasons. The detailed flow diagram of each step from recruitment to analysis is presented 

in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Consort flow diagram of the clinical trial. 

A total of 70 T2DM patients with depression were included in this study, as presented in 

Table 1. Most patients were female, with an average age of 54 years in both groups. The mean 

BMI for both groups was 26 kg/m2. More than half of the patients in each group were on a 

combination regimen of insulin injections and oral antidiabetic medications. Overall, most 

patients had T2DM for more than five years. According to the BDI-II status, the majority fell into 

the mild depression category, with 78.9% in the cholecalciferol group and 68.8% in the placebo 

group, resulting in average scores of 16.79±2.56 and 17.84±3.27, respectively. Regarding vitamin 

D status, most patients were classified as insufficient, with 63.2% in the cholecalciferol group and 

65.6% in the placebo group, reporting average vitamin intakes of 62.07±61.68 IU and 

56.03±56.48 IU, respectively. Based on the conversion of sun exposure to vitamin D, the 

Enrollment 
Subjects volunteered to 

participate (n=118) 

Randomized 

Excluded (n=41) 

• Did not meet the inclusion 
criteria (n=34) 

• Unwilling to commit (n=4) 

• Death before participating (n=2) 

• Moved to another city (n=1) 

Allocation 

Allocated to receive 

placebo (n=37) 

Allocated to receive 

cholecalciferol (n=40) 

Follow-up 

Loss to follow-up (n=5) 

• Unwilling to continue (n=4) 

• Nausea (n=1) 

Loss to follow-up (n=2) 

• Unwilling to continue (n=2) 

Analyzed (n=32) Analyzed (n=38) 

Analysis 
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cholecalciferol group had a mean level of 2114.53±705.59 IU, while the placebo group had 

2057.06±673.95 IU. There were no significant differences in patient characteristics between the 

cholecalciferol and placebo groups (Table 1). Additionally, there were also no significant 

differences in clinical and laboratory parameters across the groups (Table 2). 

Table 1. Characteristics of type 2 diabetes mellitus patients with depression included in the study 

(n=70) 

Characteristics Frequency (%) p-value 
Cholecalciferol (n=38) Placebo (n=32) 

Sex    
Male 8 (21.1) 6 (18.75) 0.810a 
Female 30 (78.9) 26 (81.25) 

Age (years), mean±SD 54.47±8.70 54.03±8.91 0.835b 
Educational level    

Not educated 1 (2.6) 0 (0.0) 0.491a 
Elementary school 2 (5.3) 4 (12.5) 
Primary school 3 (7.9) 1 (3.1) 
Senior high school 18 (47.4) 12 (37.5) 
University 14 (36.8) 15 (46.9) 

Marital status    
Not married 4 (10.5) 5 (15.6) 0.291a 
Married 27 (71.1) 25 (78.1) 
Divorce 7 (18.4) 2 (6.3) 

Body weight (kg), mean±SD 64.08 (9.64) 65.80 (13.42) 0.548b 
Body height (cm), mean±SD 155.11 (8.20) 157.09 (7.12) 0.287b 
Body mass index (kg/m2), mean±SD 26.655 (3.58) 26.652 (5.10) 0.998b 
Anti-diabetic regimen    

Oral only 16 (42.1) 12 (37.5) 0.279a 
Insulin oral 1 (2.6) 4 (12.5) 
Combination 21 (55.3) 16 (50.0) 

Duration of T2DM (years) 
<5  
5–10  
>10  

 
15 (39.5) 
12 (31.6) 
11 (28.9) 

 
10 (31.3) 
14 (43.8) 
8 (25.0) 

 
0.571a 

BDI-II scores, mean±SD 16.79±2.56 17.84±3.27 0.208c 
BDI-II status    

14–19 (mild) 
20–28 (moderate) 

30 (78.9) 
8 (21.1) 

22 (68.8) 
10 (32.0) 

0.311a 

Vitamin D intake (IU), mean±SD 62.07±61.68 56.03±56.48 0.663c 
Vitamin D status    

Normal 0 (0.0) 0 (0.0) 0.830a 
Insufficiency 24 (63.2) 21 (65.6)  
Deficiency 14 (36.8) 11 (34.4)  

Conversion of sun exposure to vitamin D 
(IU), mean±SD 

2114.53±705.59 2057.06±673.95 0.682c 

BDI-II: Beck Depression Inventory-II 
a Analyzed with Chi-squared test 
b Analyzed with independent Student t-test 
c Analyzed with Mann-Whitney test 

Table 2. Baseline clinical and laboratory levels of type 2 diabetes mellitus patients with depression 

included in the study (n=70) 

Parameters Mean±SD p-value 
Cholecalciferol (n=38) Placebo (n=32) 

Clinical parameters 
Systolic blood pressure (mmHg) 128.03±15.42 130.63±18.33 0.399a 
Diastolic blood pressure (mmHg) 73.29±9.69 75.09±13.07 0.510b 

Laboratory 
Fasting blood glucose (mg/dL) 153.55±60.56 150.78±58.23 0.907b 
HbA1c (%) 8.295±2.24 8.244±1.97 0.921b 
Triglyceride (mg/dL) 170.158±107.47 150.406±67.72 0.686b 
High-density lipoprotein (mg/dL) 48.684±11.19 47.188±8.76 0.541b 
Low-density lipoprotein (mg/dL) 111.053±35.75 114.906±26.50 0.616b 
Total cholesterol (mg/dL) 193.79±41.73 193.34±34.39 0.962b 
25(OH)D level serum (ng/mL) 12.585±9.16 14.251±8.11 0.427b 

a Analyzed with Mann-Whitney test 
b Analyzed with independent Student t-test 



Putranto et al. Narra J 2024; 4 (3): e1342 - http://doi.org/10.52225/narra.v4i3.1342        

Page 7 of 15 

O
ri

g
in

al
 A

rt
ic

le
 

 

 

Comparison of C-peptide, serotonin, and neurotrophin-3 levels 

There was no significant difference in the mean levels of C-peptide, serotonin, and NT-3 between 

the two groups prior to the intervention, indicating comparable baseline levels (Table 3). 

However, significant changes were observed before and after the intervention (Table 3). In the 

cholecalciferol group, the mean concentration of C-peptide increased significantly (123.14±66.66 

vs 184.76±119.63 pg/mL; p=0.006). Additionally, notable changes in NT-3 levels were recorded 

in both groups, with the cholecalciferol and placebo groups exhibiting a significant increase 

(p<0.001 and p=0.047, respectively). Although the mean change in NT-3 (delta NT-3) for the 

cholecalciferol group was greater than that of the placebo group, the differences in changes 

between the cholecalciferol and control groups were not statistically significant (p=0.111) (Table 

3). 

Table 3. Comparison of C-peptide, serotonin, and neurotrophin-3 concentrations before and after 

intervention among groups 

Variables Mean±SD p-value 
Cholecalciferol (n=38) Placebo (n=32) 

C-peptide (pg/mL)    
Baseline 123.14±66.66 136.85±98.74 0.930a 
After 4 weeks 184.76±119.63 129.67±97.08 0.028b 
Delta 61.61±129.71 -7.18±96.92 0.006a 
p-value 0.006c 0.695d  

Serotonin (ng/mL)    
Baseline 414.21±407.21 513.25±575.24 0.525b 
After 4 weeks 312.19±250.83 488.68±518.70 0.211b 
Delta -102.02±428.58 -24.57±501.27 0.540a 
p-value 0.133d 0.588d  

Neurotrophin-3 (pg/mL)    
Baseline 434.14±247.65 415.77±246.73 0.724a 
After 4 weeks 722.22±531.72 540.31±262.17 0.259b 
Delta 288.12±470.82 88.54±242.47 0.111a 
p-value <0.001d 0.047d  

a Analyzed with Mann-Whitney test  
b Analyzed with Student independent t-test  
c Analyzed with Student paired t-test 
d Analyzed with Wilcoxon test 

Comparison of depression level before and after intervention 

The mean BDI-II scores in the cholecalciferol and placebo groups did not differ significantly 

before the intervention (p=0.208). However, after 12 weeks of intervention, a significant 

difference in BDI-II scores was observed between the two groups (p<0.001) (Table 4). The mean 

BDI-II scores were reduced after the intervention within each group, with p<0.001 for both 

groups. The mean decrease (delta) in the BDI-II score for the cholecalciferol group was -10.053, 

while the placebo group experienced a decrease of -5.656 (Table 4). The reduction of BDI-II 

scores in the cholecalciferol group was statistically significantly greater than that in the placebo 

group (p<0.001) (Table 4). Changes in the BDI-II scores of the patients between pre- and post-

12-week intervention are presented in Figure 2. 

Table 4. Comparison of depression levels based on Beck Depression Inventory-II (BDI-II) scores 

before and after intervention between groups 

Variables Mean±SD p-value 
Cholecalciferol (n=38) Placebo (n=32) 

BDI-II scores    
Baseline 16.79±2.56 17.84±3.27 0.208a 
After 12 weeks 6.74±4.63 12.19±5.01 <0.001b 
Delta -10.05±4.98 -5.66±5.03 <0.001b 
p-value <0.001c <0.001d  

a Analyzed with Mann-Whitney test 
b Analyzed with Student independent t-test 
c Analyzed with Wilcoxon test 
d Analyzed with Student paired t-test 
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Figure 2. Violin plot showing the delta score of Beck Depression Inventory-II (BDI-II) of the 
placebo and cholecalciferol group. 

Discussion 
Depression in patients with T2DM warrants special attention due to its potential to diminish 

adherence to therapy. This decline in adherence can lead to poorer blood glucose control, an 

increased risk of complications, heightened disability, reduced productivity, elevated therapy 

costs, and a decreased quality of life [41-43]. Furthermore, previous studies have demonstrated 

that the coexistence of depression and T2DM elevates the risk of morbidity and mortality, 

adversely affecting not only patients but also their families and communities [44-47]. This study 

findings revealed that cholecalciferol significantly reduced BDI-II scores after 12 weeks of 

treatment and increased C-peptide and NT-3 levels after 4 weeks. 

This study revealed that cholecalciferol was able to significantly increase the mean C-peptide 

level from 123.14 pg/mL at admission to 184.76 pg/mL after 4 weeks of intervention. Our findings 

align with a previous study in overweight African American patients [48]. However, they 

contradict earlier studies involving pre-diabetic patients [49-51]. As a vitamin D supplement, 

cholecalciferol has been shown to enhance insulin sensitivity and promote pancreatic beta cell 

health [52,53], resulting in improved insulin secretion and a corresponding increase in c-peptide 

levels [38,54,55]. Furthermore, cholecalciferol's anti-inflammatory properties contribute to the 

reduction of chronic inflammation associated with insulin resistance, thereby further enhancing 

metabolic function and insulin secretion [56]. 

On the other hand, the cholecalciferol intervention over four weeks did not significantly 

affect the mean serotonin level, which changed from 414.21 ng/mL to 312.19 ng/mL. In this study, 

the impact of vitamin D on serotonin levels was not significantly different. A study using real-

time quantitative polymerase chain reaction (PCR), showed that TPH-1 and TPH-2 mRNA were 

induced 28- to 33-fold by treatment with 10 nM vitamin D 1.25 in cultured rat serotonergic nerve 

cells (RN46A-B14), and the increase in TPH-2 mRNA was dependent on the degree of neuron-

like characteristics of the cells [57]. However, studies in humans, both in the general population 

and in those with irritable bowel syndrome, did not show significant differences, similar to our 

study [58,59]. To the best of our knowledge, this study is the first to examine the effect of 

cholecalciferol on plasma serotonin in a population with T2DM. 

The four-week intervention of either cholecalciferol or placebo in this study demonstrated a 

significant difference in the mean NT-3 levels (p<0.001 and p=0.043). This finding may be 

attributed to both groups receiving anti-diabetic drug therapy, which is known to enhance the 

expression of neurotrophic factors, including NT-3, through the activation of AMP-activated 

Protein Kinase (AMPK) and subsequent signaling pathways that contribute to neuroprotection 

and neuronal health [60,61]. Although the comparison of the mean delta NT-3 between the two 

groups was not statistically significant (p=0.111), the observed mean delta values indicated that 
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cholecalciferol caused a greater increase in NT-3 levels compared to the placebo group. 

Cholecalciferol is converted into calcitriol, which binds to the vitamin D receptor (VDR) in various 

tissues, including the brain [62,63]. Cholecalciferol is converted into calcitriol and binds to the 

vitamin D receptor (VDR) in many sites, including the brain [64]. The VDR-calcitriol complex 

then translocates to the nucleus, where it influences neuronal signaling and promotes NT-3 

synthesis. Overall, cholecalciferol plays a crucial role in maintaining neural health by supporting 

neuronal survival and neuroprotection [65,66]. 

Depression frequently coexists with T2DM, leading to a high prevalence of antidepressant 

use among these patients [67,68]. One of the significant side effects of antidepressants is weight 

gain, which can contribute to insulin resistance [69,70]. A cohort study conducted in Japan 

involving 90,530 subjects, found that antidepressant use was associated with an increased risk of 

developing T2Dm [69]. While antidepressants may alleviate depressive symptoms, they can also 

raise blood glucose levels and body weight [71-74]. Therefore, there is a need for adjuvant therapy 

for patients with both T2DM and depression. Additionally, a cross-sectional study reported a 

relationship between vitamin D deficiency and depression [75]. Previous studies have indicated 

that vitamin D may have antidepressant effects [76-79]. Several other studies also suggest that 

vitamin D supplementation can improve both physical and mental symptoms in T2DM patients 

[74,80-85].  

In this study, both the cholecalciferol and placebo groups demonstrated a significant 

decrease (p<0.001 for both). This outcome may be attributed to the anti-diabetic drug therapy 

received by both groups, considering the bidirectional correlation between depression and T2DM. 

Anti-diabetic medications can improve depression through several interconnected pathways. For 

instance, enhanced insulin sensitivity may mitigate the effects of insulin resistance, which is 

known to cause inflammation and depressive symptoms [86-88]. Additionally, the glucagon-like 

peptide-1 (GLP-1) agonist drug class promotes neurogenesis and synaptic plasticity, thereby 

supporting brain health and cognitive function, which may alleviate depressive symptoms [89-

95]. Insulin therapy also helps maintain stable blood glucose levels, preventing mood swings and 

irritability associated with glucose fluctuations [90,96,97]. Furthermore, anti-diabetic 

medications that promote weight loss, such as GLP-1 receptor agonists, can enhance self-esteem 

and reduce body image-related depression [98-100]. Lastly, some anti-diabetic drugs influence 

neurotransmitter systems, particularly dopamine, which plays a crucial role in mood regulation 

[101-103]. 

The comparison of mean delta BDI-II scores between the two groups revealed that the BDI-

II scores in the cholecalciferol group decreased significantly more than in the placebo group 

(p<0.001). This finding aligns with a previous study that demonstrated a significant improvement 

in depression scores following three months of vitamin D supplementation intervention [14]. 

Another study reported improvements in depression and anxiety symptoms among women with 

T2DM and vitamin D deficiency after receiving injections of 50,000 IU of vitamin D3 every two 

weeks for sixteen weeks [104]. Several studies have also indicated that vitamin D can serve as an 

effective adjuvant therapy for treating depression in patients with major depressive disorder 

[76,78,79,105,106]. The use of cholecalciferol in this study, along with previous studies, yielded 

positive results [81,107]; in contrast, another study utilized alfacalcidol [108]. Cholecalciferol is 

widely recognized for its efficacy in treating various conditions associated with primary or 

secondary vitamin D deficiency. Moreover, it is cost-effective, has a favorable safety profile, and 

poses fewer risks compared to its analogs and metabolites [109]. 

The mechanisms underlying vitamin D's effectiveness in improving depression remain 

incompletely understood. However, it is well-established that vitamin D receptors are present in 

various regions of the brain and that vitamin D can cross the blood-brain barrier. Furthermore, 

vitamin D plays a crucial role in regulating serotonin production, a key neurotransmitter 

implicated in depression [110]. Studies have also demonstrated that NT-3 can modulate serotonin 

levels and activity in the brain; simultaneously targeting both pathways may enhance treatment 

outcomes in managing depression [111,112]. 

During this clinical trial, one participant in the placebo group complained of nausea and 

vomiting then decided to stop taking medication. However, it does not call for further attention 

subsequently. Numerous studies demonstrate that hypercalciuria is a common adverse 
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consequence of high-dose vitamin D treatment [113-116]. The 4000 IU dose employed in this 

study was found to be quite safe in several other investigations [117]. 

This study has several limitations. First, vitamin D intake and sun exposure were assessed 

using subjective questionnaires, which means the data obtained were only estimates. Second, 

post-intervention vitamin D levels were not evaluated, preventing an assessment of whether they 

fell within normal limits. Third, in exploring the etiology of depression, not all relevant 

parameters could be studied, including inflammation, genetics, neuroplasticity, gut microbiota 

patterns, the HPA axis, tryptophan hydroxylase 1 (TPH1) and TPH2, as well as habits and 

psychosocial stressors. Fourth, the ongoing use of anti-diabetic medication may have had mixed 

effects on some parameters. 

Conclusion 
In summary, this clinical trial concluded that cholecalciferol supplementation is beneficial for 

alleviating mild to moderate depression symptoms in patients with T2DM. After 12 weeks of 

treatment, significant reductions in BDI-II scores were observed, along with notable 

improvements in C-peptide and NT-3 levels after 4 weeks. However, the impact on serotonin 

levels was not significant. Further exploration is needed to elucidate the mechanisms or pathways 

through which cholecalciferol intervention may improve depression.  
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