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Depression and anxiety are prevalent mental disorders that significantly affect the quality of life, work capacity, and overall
health. Their incidence is rising due to modern stressors, including economic instability, social isolation, and global crises.
Vitamin D plays a crucial role in central nervous system function, influencing mood through its effects on neurotransmitter
regulation. Low vitamin D levels have been associated with increased anxiety and depression, particularly in patients with
diabetes mellitus (DM), who already face heightened psychological distress. This study explores the relationship between
vitamin D deficiency and anxiety and depression in patients with autoimmune DM, including classical type 1 DM (T1DM) and
latent autoimmune diabetes in adults (LADA). A total of 100 patients were assessed for serum vitamin D levels, psycho-emo-
tional indicators, and metabolic parameters. Findings indicate a significant correlation between vitamin D deficiency and
elevated anxiety and depression scores in both TIDM and LADA patients. Higher situational and personal anxiety, along with
more severe depressive symptoms, were observed in individuals with lower vitamin D levels. These results underscore the
importance of vitamin D status in managing the psychological well-being of autoimmune diabetes patients and highlight the
need for integrated therapeutic strategies addressing both metabolic and emotional health.
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Introduction

Depression and anxiety are among the most com-
mon mental disorders worldwide, significantly im-
pacting the quality of life, work capacity, and physical
health. Their relevance is driven by the increasing
prevalence due to stress factors of modern life, eco-
nomic instability, social isolation, and crisis situations
such as war or pandemics. This results in a substantial

cognitive, social, and economic burden, affecting both
individual well-being and societal functioning [1, 2].
Vitamin Disan essential biological component that
plays a key role in maintaining overall health, particu-
larly by ensuring the normal function of the central
nervous system. It influences emotional and personali-
tyresponsesthrough receptorslocatedinthelimbicsys-
tem, cortex, and cerebellum. Vitamin D supports calci-
um homeostasis, axonal conductivity, and participates
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in the regulation of neurotransmitters such as dopa-
mine and norepinephrine, which are crucial for mood
disorders and depression development [3-6].

Low vitamin D levels have been associated with
depression and increased anxiety, suggesting its role as
a mood modulator [7-10]. Among the common comor-
bid conditions in patients with diabetes mellitus (DM),
depression and anxiety disorders, as well as cognitive
impairments, are frequently observed, significant-
ly worsening their psycho-emotional state. Chronic
stress caused by the underlying disease and exogenous
factors further exacerbates these problems, with cog-
nitive impairments adding further complexity [11, 12].
Specifically, individuals with type 2 diabetes mellitus
(T2DM) have a 75% higher risk of depression disorders
developing compared to the general population, and
anxiety disorders are diagnosed 18% more frequently
in this group [13, 14]. This, in turn, complicates adher-
ence to treatment recommendations, worsens quality
of life and overall health, and contributes to disease
progression. Studies indicate an increase in depression
symptoms in T2DM patients under chronic war-related
stress in the context of vitamin D deficiency [15].

Latent autoimmune diabetes in adults (LADA) is a
form of diabetes characterized by slow autoimmune
destruction of pancreatic beta cells. It shares features
of both type 1 diabetes mellitus (TIDM) and T2DM,
ranking second in frequency among all diabetes types
after T2DM. It isalso the most common type of autoim-
mune diabetes among adults [16]. Our previous studies
have shown that vitamin D deficiency in patients with
autoimmune diabetes is associated with worsened car-
bohydrate and lipid metabolism, increased autoim-
mune markers, and insulin resistance [17, 18].

The aim of our study was to determine the relation-
ship between vitamin D levels and anxiety and depres-
sion indicators in patients with autoimmune diabetes
mellitus.

Material and methods

Study design and patients

A screening examination of 117 patients with differ-
ent TIDM phenotypes (54 with classical TIDM and 63
with LADA) was conducted to assess serum vitamin D
levels. Normal vitamin D levels were recorded in 24.6%
of TIDM patients and 20.6% of LADA patients. An ad-
ditional 9.3% and 19% of T1IDM and LADA patients, re-
spectively, were excluded from the study due to comor-
bidities that could affect vitamin D metabolism.
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A total of 100 patients aged 19 to 59 years with dif-
ferent autoimmune DM forms and vitamin D statuses
were included in the study: 49 with LADA and 51 with
classical TIDM. The LADA group consisted of 32 men
and 17women aged 38 to 59 years, while the TIDM group
included 31 men and 20 women aged 19 to 51 years. At
the time of the study, the duration of the disease was
7.0 [4.0;10.0] years in LADA patients and 10.0 [8.0;14.0]
years in TIDM patients.

Diagnosis

The diagnosis of DM was established according to
the ADA 2024 Standards of Medical Care in Diabetes
[19], while LADA was diagnosed based on the recom-
mendations of the Diabetes Immunology Society [20]
and the Consensus Statement of the International
Expert Panel on LADA [21]. The latter outlines extend-
ed LADA characteristics, including age of onset over
30 years, personal/family history of autoimmunity, a
lower frequency of metabolic syndrome compared to
T2DM, no difference in cardiovascular outcomes be-
tween LADA and T2DM patients, slower C-peptide de-
cline than in T1DM, positivity for glutamic acid decar-
boxylase antibodies (anti-GAD) as the most sensitive
marker (less frequently for ICA, IA-2A, ZnT8A, and tet-
raspanin 7 antibodies), and no need for insulin therapy
at the onset of diabetes.

Laboratory, anthropometric and
clinical data collection

Patients from both groups were assessed for situa-
tional and personal anxiety, depression, anthropomet-
ric parameters [height, weight, body mass index (BMI),
waist circumference (WC), and hip circumference (HC)
to calculate the WC/HC ratio], serum 25(0H)D levels,
and carbohydrate metabolism indicators [fasting plas-
ma glucose and glycated hemoglobin (HbAlc)].

Patients were categorized based on vitamin D sta-
tus: levels <20 ng/mL were classified as deficiency, lev-
els 21-29 ng/mL as insufficiency, and levels >30 ng/mL
as normal ranges [14].

To assess personal and reactive anxiety, the Spiel-
berger CD Scale was used [22], while depression was
evaluated using the Beck Depression Inventory [23].

Statistical analysis

Statistical analysis was performed using Sta-
tistica 13.3 (StatSoft Inc.) and Microsoft Excel 2016.
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Quantitative data were presented as median (Me) and
interquartile range (Q25-Q75). The Mann-Whitney
U-test was used to assess differences between study
groups, while the Wilcoxon test was applied for longi-
tudinal treatment comparisons. For correlation analy-
sis, the Spearman rank correlation coefficient was used
due to the non-normal distribution of the data.

Results

The characteristics of anthropometric data, car-
bohydrate metabolism indicators, anxiety, and depres-
sion in classical TIDM patients based on vitamin D sta-
tus are presented in Table 1.

Asseen from the provided data, in the TIDM group,
33.3% had a vitamin D deficiency, while 37.3% had in-
sufficiency. The remaining patients had vitamin D lev-
els within the normal reference range.

According to anthropometric studies, normal body
weight based on BMI was observed in 76.5% of patients
with T1DM, underweight was found in 5.9%, and over-
weight in 17.6%. A metabolically unhealthy phenotype
with abdominal fat distribution was identified in 19.6%
of TIDM patients.

In T1DM patients, BMI did not show statistical dif-
ferences in intergroup comparisons. However, waist
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circumference (WC) in the deficiency group was 9.2%
higher than in the group with normal vitamin D levels
(p<0.05). The WC/HC ratio was 7.2% and 14.3% lower
in the insufficiency group compared to the normal and
deficient vitamin D groups, respectively (p<0.05).

In all groups of TIDM patients, fasting glucose and
HbAlc levels were significantly elevated compared to
reference values, indicating poor glycemic control.
Fasting glucose levels were 12.9% and 21.0% higher in
the vitamin D insufficiency and deficiency groups,
respectively, compared to the group of patients with
normal vitamin D levels (p<0.05). The HbAlc level did
not show statistically significant changes in intergroup
comparisons.

The study results showed that the psycho-emotion-
al state of TIDM patients varies significantly depend-
ing on vitamin D levels. There was a clear tendency
toward increased situational and trait anxiety, as well
as depression, in patients with vitamin D insufficiency
and deficiency.

Situational anxiety is a short-term emotional ex-
perience that arises in response to specific stressful
circumstances. In TIDM patients with normal vita-
min D levels, the average situational anxiety score was
38.00 score. According to the Spielberger scale, low sit-
uational anxiety was observed in 9.8% of individuals,
moderate in 41.2%, and high in 49%. In the vitamin D

Table 1: Anthropometric data, carbohydrate metabolism indicators, anxiety, and depression in patients with clas-
sical type 1 diabetes mellitus depending on vitamin D status.

Normal vitamin D level,

Vitamin D insufficiency, Vitamin D deficiency,

Indicators n=15
48.36

25(0H)D, ng/mL [38.59;57.28]
23.47

2

BMI, kg/m [19.72;29.32]
76.00

WC, cm [69.00;110.00]
0.83

WC/HC [0.77;0.96]

Fasting plasma glucose, 8.90

mmol/L [7.59;10.05]
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n=17 n=19
14.09
24.73
[22.00;27.30] [10.70;18.00]
p1=0.000 p1=0.000
: p2=0.000
23.85
22.04
[18.85:24.69] [21.94;27.34]
2120733 p1=0.780
: p2=0.271
83.00
79.00
169.00:87.00] [80.00;90.00]
120,961 p1=0.046
: p2=0.475
0.88
0.77
oie0.044 p1=0.333
: p2=0.011
10.77
10.05
(9.51:12.52] [9.53;13.01]
p1=6 027 p1=0.017
: p2=0.802
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Table 1: Continued.

Normal vitamin D level,

Indicators n=15
) 8.19
HbAlc, % [6.13;9.40]
38.00

Situational anxiety score [27.00;41.00]

25.00

Personal anxiety, score [24.00;30.00]

11.00

Depression, score [6.00;19.00]

Vitamin D insufficiency, Vitamin D deficiency,
n=17 n=19
8.90
8.90
8.6;9.90
[7.80;9.40] 531:0,40(}
p1=0.301 p2=0.433
52.00
49.00 :
[40.00;56.00] [42}2%%%80]
p1=0.032 p2=0.315
34.00
33.00 :
[28.00;40.00] [3213?364(%8 °
p1=0.024 p2=0.490
20.00
18.00
15.00;37.00
[9.00;28.00] [ p1=0.001 !
p1=0.007 p2=0.346

Note: n - number of observations; p1 - the probability of changes concerning patients with normal vitamin D lev-
els; p2 - the probability of changes concerning patients with vitamin D deficiency.

insufficiency group, situational anxiety significant-
ly increased by 28.9% compared to the normal group
(p<0.05), and in the deficiency group, it increased by
36.8% (p=0.000). This indicates that even with a mod-
erate decrease in vitamin D levels, patients experience
more pronounced anxiety, tension, and stress reac-
tions. There was no significant difference between the
deficiency and insufficiency groups.

Personal anxiety is a stable characteristic of a per-
son, reflecting their tendency to worry and have anx-
ious thoughts in everyday life. In TIDM patients, per-
sonal anxiety levels were distributed as follows: low in
43.1%, moderate in 54.9%, and high in 2% of patients.
In the vitamin D insufficiency group, the trait anxiety
level increased by 32.0%, while in the deficiency group,
it increased by 36.0% compared to the normal vita-
min D group (p<0.05). This suggests that these patients
are prone to persistent worry, insecurity, and emotion-
al discomfort, which may negatively impact overall
health and diabetes management.

According to the Beck Depression Scale, normal
variations were recorded in 31.4% of T1DM patients,
mild depression in 27.5%, moderate depression in
21.6%, and severe depression in 19.5%. In the vitamin D
insufficiency group, depression levels significantly in-
creased by 63.6% (p<0.01), indicating a moderate level
of depressive symptoms, which may manifest as low
mood, fatigue, apathy, and loss of interest in usual ac-
tivities. In the vitamin D deficiency group, depression
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levels increased significantly by 81.8% (p=0.001), rep-
resenting the most pronounced change among all psy-
cho-emotional indicators.

Based onalinearregression analysis of the relation-
ships between the studied indicators in the TIDM pa-
tient group, strong direct correlations were identified
between HbAlc levels and situational anxiety (r=0.929;
p<0.05), personal anxiety (r=0.761; p<0.05), and de-
pression (r=0.864; p<0.05); moderate correlations were
found between HbAlc levels and BMI (r=0.380; p<0.05),
depression levels and BMI (r=0.334; p<0.05). Strong in-
verse correlations were observed between vitamin D
levels and depression (r=-0.683; p<0.05).

Analyzing the data of patients with LADA, we ob-
tained the following results (Table 2).

Anthropometric indicators such as BMI, WC, and
WC/HC ratio did not statistically differ in the inter-
group comparison.

A normal body weight based on BMI was observed
in 46.9% of patients with LADA, overweight in 28.6%,
and obesity in 24.5% (18.4% with grade I obesity and
6.1% with grade II obesity, respectively). A metabolical-
ly unhealthy phenotype with abdominal fat distribu-
tion was identified in 44.9% of LADA patients.

Fasting blood glucose levels in the vitamin D de-
ficiency group were 33.3% higher, and in the insuffi-
ciency group - 19.4% higher compared to the normal
vitamin D supply group (p<0.05). HbAlc levels did not
significantly differ between the study groups.

© 2025 The Authors



Table 2: Anthropometric characteristics, carbohydrate metabolism indicators, anxiety, and depression in LADA

patients depending on vitamin D status.

. Normal vitamin D level,
Indicators

n=13
36.03
25(0H)D, ng/mL [33.00;41.64]
23.02
2
BMI, kg/m [20.55;23.53]
85.50
WC, cm [70.00;86.00]
0.90
WC/HC [0.77;0.93]
Fasting plasma glucose, 8.91
mmol/L [7.93;10.60]
3 7.98
HbAlc, % [7.02;10.80]
39.00

Situational anxiety score [32.00:45.00]

24.00

Personal anxiety, score [20.00:28.00]

14.00

Depressmn, score [900’1900]
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Vitamin D insufficiency, Vitamin D deficiency,
n=16 n=20
8.06
23.31 -
[21.49;25.50] [515?3(313‘33 ]
p1=0.000 p2=0.000
25.23
23.93 :
[22.24;26.40] [2:;'?:862172'3? ’
p1=0.118 p2=0:336
88.50
86.50 -
[76.50;94.50] [giﬂ%g‘ﬁo]
p1=0.220 p2-0.404
0.92
0.91
0.89;1.00
[0.86;0.99] [p1:0,457]
p1=0.635 p2=0.479
11.88
10.64
10.26;12.53
[9.04;12.15] : p1=0.028 ]
p1=0.041 p2=0.249
9.75
10.17
8.49;11.00
[7.46;11.46] [ p1=0.457 |
p1=0.875 p2-0.838
54.50
52.50 :
[44.00;63.00] [415,;5:%’%%80]
p1=0.000 p2=0.962
33.50
35.00 :
[31.50;40.00] [2%1():%309630]
p1=0.001 p2=0.519
21.00
19.50 -
[14.00;31.00] “i;f’fféi?o]
p1=0.023 p2=0.671

Note: n - number of observations; p1 - the probability of changes in patients with normal vitamin D levels; pz - the
probability of changes in patients with vitamin D deficiency.

According to Spielberg’s anxiety scale, low situation-
al anxiety was observed in 8.2% of LADA patients, mod-
erate anxiety in 34.7%, and high anxiety in 57.1%. The
situational anxiety level was significantly higher in the
vitamin D insufficiency and deficiency groups - by 34.6%
and 39.7%, respectively, compared to the normal supply
group (p=0.000), indicating a tendency toward anxiety
disordersregardless of the degree of vitamin D reduction.

Personal anxiety indicators were distributed as
follows: low in 42.9%, moderate in 46.9%, and high in

© 2025 The Authors

10.2% of patients. In the vitamin D insufficiency group,
the indicator increased by 45.8% (p=0.001), and in the
deficiency group - by 39.6% (p<0.01) compared to the
normal supply group.

According to Beck’s depression scale, normal indi-
cators were registered in 22.4% of LADA patients, mild
depression in 30.6%, moderate depression in 24.5%,
and severe depression in 22.4%. In the vitamin D insuf-
ficiency group, depression levels increased significant-
ly by 39.3% (p<0.05), and in the deficiency group - by
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50.0% (p<0.05) compared to the normal vitamin D sup-
ply group.

Based on a linear regression analysis of the rela-
tionships between vitamin D levels, anthropometric
data, carbohydrate metabolism, anxiety, and depres-
sion in LADA patients, strong direct correlations were
registered between HbAlc levels and situational anxi-
ety (r=0.888; p<0.05) and depression (r=0.660; p<0.05);
moderate correlations were found between HbAlc
levels and personal anxiety (r=0.521; p<0.05), fast-
ing plasma glucose levels and BMI (r=0.375; p<0.05),
and fasting plasma glucose levels and WC/HC ratio
(r=0.443; p<0.05). Moderate inverse correlations were
established between vitamin D levels and depres-
sion (r=-0.342; p<0.05) as well as situational anxiety
(r=-0.384; p<0.05).

Discussion

Thus, the study showed that vitamin D deficiency
is common among patients with both classical TIDM
and LADA diabetes; at the same time, LADA patients
exhibit a more pronounced vitamin D deficiency. This
may indicate a possible role of vitamin D in LADA
pathogenesis. Regarding anthropometric character-
istics, most TIDM patients had a normal body weight,
whereas LADA patients had more cases of overweight,
obesity, and a more distinct abdominal fat distribution
pattern. Although significant differences in BMI and
WC between groups were not detected, the WC/HC was
higher in TIDM patients with vitamin D deficiency.

Regarding emotional and personal reactions, the
results showed that high situational anxiety was more
common among T1DM and LADA patients. The assess-
ment of personal anxiety and depression indicated that
a significant portion of patients experienced moderate
to high levels of anxiety and depression, highlighting
the need for additional psychological support in treat-
ing these patients. Overall, the findings emphasize the
importance of a comprehensive approach to managing
T1DM and LADA patients, focusing on correcting vita-
min D deficiency, controlling anthropometric indica-
tors, and monitoring psycho-emotional well-being.

According to a correlation analysis using linear re-
gression, elevated HbAlc levels in LADA patients were
associated with increased anxiety and depression, indi-
cating a link between impaired carbohydrate metabo-
lism and psycho-emotional state. A correlation wasalso
found between fasting plasma glucose levels and body
weight/abdominal obesity indicators, confirming the
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impact of excess weight on metabolic disorders. Nota-
bly, an inverse relationship was found between vitamin
D levels and manifestations of anxiety and depression,
suggesting a potential impact on psycho-emotional
well-being. These findings emphasize the importance
of a comprehensive approach to managing LADA pa-
tients, considering not only glycemic control but also
psychological aspects and nutritional status.

Therefore, in the TIDM patient group, a strong
association was found between HbAlc levels and psy-
cho-emotional state. Higher HbAlc levels were accom-
panied by increased situational and personal anxiety as
well as depression, highlighting the significant impact
of carbohydrate metabolism disorders on psycholog-
ical well-being. A moderate correlation was also ob-
served between HbAlc levels and BMI, reflecting the
role of anthropometric factors in diabetes compensa-
tion. Additionally, a relationship between depression
and BMI was found, confirming the negative impact
of excess body weight on psycho-emotional state. Of
particular note is the inverse correlation between vita-
min D levels and depression, which may indicate a pro-
tective role in the development of depressive states in
this category of patients.

The observed changes can be explained by the role
of vitamin D in regulating neurotransmitters that af-
fect psycho-emotional states, as well as in maintaining
normal carbohydrate metabolism and insulin sensi-
tivity. Its deficiency contributes to increased anxiety
and depression, potentially due to neurotransmitter
imbalances and heightened systemic inflammation [3,
6,24, 25]. Low vitamin D levels are also associated with
higher glucose and HbAlc levels, indicating poorer di-
abetes control, while chronic disease-related stress fur-
ther exacerbates this negative impact. The findings un-
derscore the necessity of a comprehensive approach to
managing patients with autoimmune diabetes, includ-
ing vitamin D deficiency correction, metabolic control
optimization, and psychological support.

Conclusion

Vitamin D deficiency in patients with autoimmune
diabetes (T1IDM and LADA) is associated with increased
anxiety and depression, poorer carbohydrate metab-
olism control, and a higher prevalence of abdominal
obesity. The findings confirm the necessity of a com-
prehensive treatment approach for such patients, in-
cluding vitamin D deficiency correction, improved
metabolic control, and psychological support.

© 2025 The Authors
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