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INTRODUCTION

ABSTRACT

Background: Bipolar disorder (BD) is a chronic mood disorder characterized
by episodic mood disturbances. Emerging evidence suggests that epigenetic
mechanisms, particularly DNA methylation, may play a role in BD
pathophysiology. This study investigates the correlation between global DNA
methylation levels and symptom severity in drug-naive BD patients.

Materials and Methods: This cross-sectional study included 98 drug-naive
BD patients and 99 age- and gender-matched healthy controls. Clinical
assessments included the Young Mania Rating Scale (YMRS) and Hamilton
Depression Rating Scale (HDRS). Global DNA methylation was quantified
using an enzyme-linked immunosorbent assay (ELISA)-based method.
Correlations between DNA methylation levels and clinical variables were
analyzed using Pearson’s correlation and multiple linear regression.

Results: BD patients exhibited significantly lower global DNA methylation
levels compared to controls (4.0 £ 1.0% vs. 5.1 = 0.7%, p<0.001). Methylation
levels decreased with increasing symptom severity, being highest in mild cases
(4.5 £ 0.9%) and lowest in severe cases (3.5 = 0.8%). Negative correlations
were observed between DNA methylation and YMRS (r = -0.462, p<0.001),
HDRS (r = -0.523, p<0.001), illness duration (r = -0.339, p=0.004), and
number of mood episodes (r = -0.419, p<0.001). Childhood trauma and lower
socioeconomic status were independent predictors of reduced methylation ( =
-0.29, p<0.001 and B = -0.15, p=0.032, respectively). Sleep duration positively
correlated with methylation levels (r = 0.383, p<0.001).

Conclusion: This study demonstrates a significant association between
reduced global DNA methylation and BD symptom severity, suggesting an
epigenetic contribution to disease progression. Environmental factors,
including childhood trauma and sleep disturbances, may further influence
methylation patterns. Future research should explore whether interventions
targeting these modifiable factors can mitigate epigenetic alterations and
improve clinical outcomes in BD patients.

Keywords: Bipolar disorder, DNA methylation, Epigenetics, Symptom
severity, Childhood trauma.

with heritability estimates ranging between 60% and
85%.12 However, genetic predisposition alone does
not fully explain the variability in disease onset,

Bipolar disorder (BD) is a severe, chronic mood
disorder affecting approximately 0.3—1.2% of the
global population, with a higher prevalence of
around 0.4-1.5% in India.l'! It is characterized by
recurrent episodes of mania, hypomania, and
depression, leading to substantial psychosocial
impairment. The disorder has a strong genetic basis,

progression, and symptom severity, highlighting the
need to explore epigenetic mechanisms such as
DNA methylation.

DNA methylation, a key epigenetic modification
involving the addition of methyl groups to cytosine
residues, plays a critical role in gene expression
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regulation. Aberrant DNA methylation patterns have
been implicated in BD, particularly in genes
associated with neuroplasticity, stress response, and
neurotransmitter function.® Studies have reported
altered methylation levels in BD patients compared
to healthy controls, with hypermethylation and
hypomethylation affecting genes such as BDNF,
NR3CI1, and SLC6A4, which are involved in mood
regulation and stress response.l Global DNA
methylation levels, which provide an overall
measure of genomic methylation status, have been
found to differ significantly between BD patients
and controls, suggesting potential biomarker
utility P!

However, most existing research has been
conducted on medicated BD patients, where the
effects of psychotropic drugs such as mood
stabilizers and antipsychotics on DNA methylation
remain a confounding factor.[®! Lithium, a first-line
treatment for BD, has been shown to modulate
epigenetic mechanisms, including DNA methylation
and histone modifications, complicating the
interpretation of findings.”! Investigating DNA
methylation in drug-naive BD patients provides a
unique opportunity to assess epigenetic alterations
independent of pharmacological influences, thereby
offering clearer insights into the disease’s
underlying biological mechanisms.

The severity of BD symptoms, often assessed using
standardized scales such as the Young Mania Rating
Scale (YMRS) for mania and the Hamilton
Depression Rating Scale (HDRS) for depression,
varies widely among individuals.[®%1%
Understanding the relationship between global DNA
methylation levels and symptom severity in drug-
naive BD patients may help identify epigenetic
biomarkers associated with disease progression and
treatment response. This study aimed to explore this
correlation, contributing to the growing evidence on
the role of epigenetics in BD and potentially guiding
the development of targeted therapeutic strategies.

MATERIALS AND METHODS

Study Design and Setting

This cross-sectional study was conducted in the
department of Psychiatry at a tertiary care center in
North India, over a period of 2 years from July 2021
to June 2023. The study was approved by the
Institutional Ethics Committee (IEC), and written
informed consent was obtained from all participants
prior to their enrollment in the study.

Study Population

The study included 98 drug-naive patients diagnosed
with bipolar disorder (BD) based on the Diagnostic
and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) criteria. Participants were recruited
from the psychiatry outpatient department following
a comprehensive clinical evaluation. Eligible
patients were aged between 18 and 60 years, with no
prior exposure to psychiatric medications. Exclusion

criteria included individuals with comorbid
psychiatric disorders such as schizophrenia or major
depressive disorder, chronic systemic diseases like
diabetes or hypertension, neurological disorders, or
substance use disorders. Additionally, a control
group of age- and sex-matched healthy individuals
(n = 99) was recruited from the general population,
ensuring that none had a personal or family history
of psychiatric illnesses.

Clinical Assessment

The severity of BD symptoms was assessed using
the Young Mania Rating Scale (YMRS) for manic
symptoms and the Hamilton Depression Rating
Scale (HDRS) for depressive symptoms. Each
participant underwent a structured clinical interview
conducted by a trained psychiatrist, and scores were
categorized into mild, moderate, and severe
symptom severity groups based on established cut-
off wvalues. Alongside clinical assessments,
demographic and clinical history, including duration
of illness, number of previous episodes, family
history of psychiatric disorders, and psychosocial
factors, were documented using a structured
proforma.

Sample Collection and DNA Extraction

Peripheral blood samples (5 mL) were collected
from each participant using EDTA-coated tubes to
prevent coagulation. The samples were immediately
stored at -80°C until further analysis. Genomic DNA
was extracted using the Qiagen DNeasy Blood &
Tissue Kit following the manufacturer’s standard
protocol. The quality and purity of the extracted
DNA were assessed using a Nanodrop 2000
spectrophotometer (Thermo Fisher Scientific, USA),
and DNA concentration was measured in ng/pL
using a Qubit fluorometer (Thermo Fisher Scientific,
USA). Only samples with an A260/A280 ratio
between 1.8 and 2.0 were considered for further
analysis to ensure high-quality DNA.

Global DNA Methylation Analysis

Global DNA methylation levels were quantified
using the MethylFlash Global DNA Methylation (5-
mC) ELISA Kit (Epigentek, USA), which measures
total 5-methylcytosine (5-mC) levels in genomic
DNA. The assay was performed according to the
manufacturer’s protocol, wherein DNA samples
were immobilized on a 96-well plate, followed by
the addition of capture and detection antibodies
specific to 5-mC. Absorbance readings were
obtained at 450 nm using a BioTek Epoch 2
microplate reader. Methylation levels were
calculated as a percentage of total DNA, based on
the standard curve generated using methylated DNA
standards provided in the kit.

Statistical Analysis

Descriptive statistics were used to summarize the
demographic and clinical characteristics of the study
population. Continuous variables, including age,
symptom severity scores (YMRS and HDRS), and
global DNA methylation levels, were presented as
mean =+ standard deviation (SD) and compared
between BD patients and controls using the
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independent t-test or Mann-Whitney U test based on
data normality. Categorical variables, such as
gender, socioeconomic status, and family history of
psychiatric disorders, were expressed as frequencies
and analyzed using the chi-square test. The
relationship between global DNA methylation levels
and symptom severity was assessed using Pearson’s
or Spearman’s correlation, as appropriate. To adjust
for potential confounders such as age, gender, BMI,
and illness duration, multiple linear regression
analysis was performed. A significance level of p <
0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS
version 20.0 (IBM Corp., USA).

Ethical Considerations

The study was conducted in compliance with the
ethical principles outlined in the Declaration of
Helsinki. All participants were assured of
confidentiality, and their data were anonymized for
analysis. No financial incentives were provided for
participation, and individuals had the right to
withdraw from the study at any time without any
consequences to their medical care.

RESULTS

A total of 197 participants were enrolled in the
study, comprising 98 drug-naive BD patients and 99
age- and sex-matched healthy controls. In this study,
BD patients (mean age: 34.9 + 9.3 years) and
controls (34.6 + 8.5 years) had comparable
demographic profiles, including gender distribution
(p=0.821) and BMI (p=0.113). However, BD
patients had significantly fewer years of education
(9.5 £ 3.2 vs. 11.7 £ 2.7, p=0.008) and were more
likely to belong to a low socioeconomic status
(39.8% vs. 21.2%, p=0.027). Family history of BD
(27.6% vs. 4.0%) and psychiatric disorders (37.8%
vs. 9.1%) were significantly higher in BD patients
(both p<0.001). The mean illness duration in BD
patients was 6.7 = 3.0 years, with an average of 2.4
+ 1.1 manic and 2.6 £ 1.0 depressive episodes.
Psychotic symptoms were present in 25.5% of BD
patients but absent in controls (p<0.001). BD
patients had significantly higher symptom severity
scores (YMRS: 24.1 £ 6.4 vs. 2.9 £ 1.0; HDRS: 19.7
+ 5.6 vs. 3.6 = 1.2; both p<0.001), higher childhood
trauma prevalence (41.8% vs. 10.1%, p<0.001), and
shorter sleep duration (5.8 £ 1.5 vs. 7.3 + 1.1 hours,
p<0.001) (Table 1).

Table 1: Demographic and Clinical Characteristics of the Study Population

. BD Patients (n=98) | Controls (n=99)
Variable Frequency (%)/Mean £ SD p-value
Age (years) 349+93 34.6+8.5 0.742
Gender
Male 57 (58.2%) 56 (56.6%) 0.821
Female 41 (41.8%) 43 (43.4%) )
BMI (kg/m?) 23.1+£3.5 24.0+2.8 0.113
Education Level (Years of Schooling) 9.5+£3.2 11.7+2.7 0.008
Socioeconomic Status
Low 39 (39.8%) 21 (21.2%)
Medium 46 (46.9%) 52 (52.5%) 0.027
High 13 (13.3%) 26 (26.3%)
Marital Status
Married 54 (55.1%) 64 (64.6%)
Single 36 (36.7%) 30 (30.3%) 0.231
Divorced 8 (8.2%) 5(5.1%)
Family History of BD 27 (27.6%) 4 (4.0%) <0.001
Family History of Psychiatric Disorders 37 (37.8%) 9 (9.1%) <0.001
Duration of Illness (years) 6.7+3.0 — —
Number of Manic Episodes 24+1.1 — —
Number of Depressive Episodes 26+1.0 — —
Presence of Psychotic Symptoms 25 (25.5%) 0 (0.0%) <0.001
YMRS Score 24.1+64 29+1.0 <0.001
HDRS Score 19.7£5.6 3.6+1.2 <0.001
History of Childhood Trauma 41 (41.8%) 10 (10.1%) <0.001
Sleep Duration (hours) 58+1.5 73+1.1 <0.001

Global DNA methylation levels were significantly
lower in BD patients (4.0 = 1.0%) compared to
controls (5.1 £ 0.7%, p<0.001). Within the BD
group, methylation levels varied with symptom
severity, with the highest levels observed in patients

with mild symptoms (4.5 + 0.9%), followed by those
with moderate symptoms (4.0 £ 1.0%), and the
lowest levels in patients with severe symptoms (3.5
+ 0.8%) (Table 2).

Table 2: Global DNA Methylation Levels in BD Patients and Controls

Grou Global DNA Methylation (% 5-mC) _value
P Mean = SD P
BD Patients (Overall) (n=98) 40£1.0 <0.001
Mild symptoms (n=32) 45+0.9 )
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Moderate symptoms (n=42) 40£1.0
Severe symptoms (n=24) 3.54+0.8
Controls (n=99) 5.1+£0.7

Pearson’s correlation analysis revealed a significant
inverse  correlation  between global DNA
methylation levels and symptom severity, as
indicated by YMRS (r = -0.462, p<0.001) and
HDRS scores (r = -0.523, p<0.001). A negative
correlation was also observed with illness duration (r
=-0.339, p=0.004), number of mood episodes (r = -
0.419, p<0.001), and family history of BD (r = -

0.376, p<0.001). Although age showed a weak
negative correlation (r = -0.181, p=0.081), it was not
statistically significant. Conversely, sleep duration
exhibited a significant positive correlation with
DNA methylation levels (r = 0.383, p<0.001),
suggesting a potential association between sleep
patterns and epigenetic alterations in BD (Table 3).

Table 3: Correlation Between Global DNA Methylation and Clinical Parameters

Variable Pearson’s Correlation Coefficient (r) p-value
YMRS Score -0.462 <0.001
HDRS Score -0.523 <0.001
Age (in years) -0.181 0.081
Duration of Illness (in years) -0.339 0.004
Number of Episodes -0.419 <0.001
Family History of BD -0.376 <0.001
Sleep Duration (in hours) 0.383 <0.001

Lower global DNA methylation in BD patients was
significantly associated with greater symptom
severity (YMRS: B = -0.41, HDRS: B = -0.44,
p<0.001), longer illness duration (B = -0.27,
p<0.001), and a higher number of mood episodes (3
= -0.30, p<0.001). Psychotic symptoms ( = -0.17,
p=0.022), lower socioeconomic status (B = -0.15,
p=0.032), female gender (B = -0.14, p=0.022),

family history of BD (B = -0.35, p<0.001), and
childhood trauma (B = -0.29, p<0.001) further
contributed to methylation decline. In contrast,
longer sleep duration correlated positively with
methylation (B = 0.33, p<0.001). These findings
highlight a strong link between disease severity,
psychosocial factors, and epigenetic alterations in
BD (Table 4).

Table 4: Multiple Linear Regression Analysis for Factors Associated with Global DNA Methylation

Predictor Variable Beta Coefficient (f) 95% CI p-value
Age (years) -0.09 (-0.15, 0.02) 0.091
Gender

Male (Reference) — — —
Female -0.14 (-0.24, -0.05) 0.022
BMI (kg/m?) -0.05 (-0.12, 0.05) 0.181
Socioeconomic Status

Low (Reference) — — —
High -0.15 (-0.27, -0.04) 0.032
YMRS Score -0.41 (-0.50, -0.31) <0.001
HDRS Score -0.44 (-0.55,-0.33) <0.001
Duration of Illness (years) -0.27 (-0.38, -0.15) <0.001
Number of Episodes (Manic/Depressive) -0.3 (-0.40, -0.20) <0.001
Presence of Psychotic Symptoms

No (Reference) — — —
Yes -0.17 (-0.28, -0.07) 0.022
Family History of BD

No (Reference) — — —
Yes (n=27) -0.35 (-0.46, -0.24) <0.001
History of Childhood Trauma

No (Reference) — — —
Yes (n=41) -0.29 (-0.41,-0.17) <0.001
Sleep Duration (hours) 0.33 (0.21, 0.44) <0.001

DISCUSSION

This study highlights a significant reduction in
global DNA methylation in drug-naive BD patients
compared to healthy controls, with lower
methylation levels correlating with greater symptom
severity.

Our study cohort comprised 98 drug-naive BD
patients and 99 healthy controls matched for age

(349 + 9.3 vs. 346 £ 8.5 years, p=0.742) and
gender distribution (male: 58.2% vs. 56.6%,
p=0.821). Despite these similarities, BD patients had
significantly lower educational attainment (9.5 + 3.2
vs. 11.7 £ 2.7 years, p=0.008) and were more likely
to belong to lower socioeconomic strata (low SES:
39.8% vs. 21.2%, p=0.027). These findings support
prior studies demonstrating an association between
lower educational and socioeconomic status and
increased risk of BD.[''1?1 Lower socioeconomic
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conditions may  contribute to  increased
psychological stress, poor health literacy, and
reduced access to healthcare, exacerbating BD
severity.['1-12]

Clinically, BD patients exhibited an average illness
duration of 6.7 + 3.0 years, with recurrent manic
(2.4 £ 1.1) and depressive (2.6 = 1.0) episodes. The
presence of psychotic symptoms was observed in
25.5% of BD patients, consistent with literature
indicating that psychotic features are common in BD
and associated with greater illness severity.['] Mood
symptom severity was significantly higher in BD
patients, as evidenced by elevated YMRS (24.1 +
6.4 vs. 2.9 £ 1.0, p<0.001) and HDRS (19.7 + 5.6
vs. 3.6 £ 1.2, p<0.001) scores. These results align
with previous findings that symptom severity is
heightened in early BD stages, particularly in drug-
naive patients.l!415]

Global DNA methylation levels were significantly
lower in BD patients than in controls (4.0 = 1.0% vs.
5.1 £ 0.7%, p<0.001). Notably, methylation levels
progressively declined with increasing symptom
severity, being highest in mild cases (4.5 £ 0.9%),
followed by moderate (4.0 = 1.0%) and severe cases
(3.5 £0.8%). Pearson’s correlation analysis revealed
significant negative associations between DNA
methylation and YMRS (r = -0.462, p<0.001) and
HDRS scores (r = -0.523, p<0.001), indicating that
greater mood symptom severity corresponds to
reduced methylation.

These findings are consistent with studies by
D’Addario et al. (2019) and Fries et al. (2017),
which reported significant reductions in global and
gene-specific  methylation in BD  patients,
particularly in genes regulating stress response and
synaptic plasticity.'>!7l Lower methylation levels
have been linked to increased expression of
inflammatory cytokines and oxidative stress
markers, further supporting the hypothesis that BD
is characterized by chronic neuroinflammation and
oxidative damage.'®!

The negative correlation between methylation and
illness duration (r = -0.339, p=0.004) and the
number of mood episodes (r = -0.419, p<0.001)
suggests a cumulative effect of disease burden on
epigenetic alterations. Wen et al., similarly reported
that chronic BD patients exhibit progressive
reductions in DNA methylation, particularly in
genes regulating neurodevelopmental and immune
pathways.[')  Longitudinal studies have further
shown that repeated mood episodes contribute to

neuronal  damage and  neuroinflammation,
potentially driving the observed epigenetic
changes.?"

Our findings revealed significant sociodemographic
influences on DNA methylation. Female BD
patients exhibited lower methylation levels than
males (B = -0.14, p=0.022), consistent with prior
studies suggesting that gender-based epigenetic
differences may contribute to BD heterogeneity.?!]
Estrogen has been shown to regulate DNA

methylation, potentially explaining sex-specific
vulnerability to mood disorders.??

Patients from lower socioeconomic backgrounds
exhibited greater methylation deficits than those
from higher SES (B = -0.15, p=0.032), reinforcing
the role of early-life stress and financial adversity in
epigenetic modifications. Several studies have
demonstrated that socioeconomic stressors can
induce long-term changes in DNA methylation,
particularly in genes associated with stress reactivity
and mood regulation.?324]

Childhood trauma was strongly associated with
reduced methylation levels (B = -0.29, p<0.001),
consistent with previous research demonstrating
long-term epigenetic consequences of early
adversity. Studies by Jiang et al., and Peng et al.,
have shown that individuals with childhood trauma
exhibit hypomethylation of stress-regulatory genes,
such as NR3C1 (glucocorticoid receptor) and BDNF
(brain-derived neurotrophic factor), which are
implicated in BD pathophysiology.*>*! These
findings suggest that environmental exposures
during critical neurodevelopmental periods may
predispose individuals to BD through persistent
epigenetic modifications. ¢!

An important finding in our study was the positive
correlation between sleep duration and DNA
methylation (r = 0.383, p<0.001). BD patients had
significantly shorter sleep duration than controls
(5.8 £ 1.5 vs. 7.3 = 1.1 hours, p<0.001), and
regression analysis confirmed that reduced sleep
was an independent predictor of lower methylation
(B = 0.33, p<0.001). These findings align with
research by Niu et al., which demonstrated that
chronic sleep deprivation leads to alterations in
DNA methylation of circadian rhythm genes,
contributing to mood instability and cognitive
dysfunction in BD.1”)

Sleep disturbances are well-documented in BD and
have been proposed as both a symptom and a causal
factor in disease progression. Epigenetic studies
suggest that sleep deprivation can induce
widespread changes in DNA  methylation,
particularly in genes involved in synaptic plasticity,
neuronal  excitability, and stress response
pathways.[??1 Improving sleep patterns through
behavioral or pharmacological interventions may
therefore represent a potential strategy for
stabilizing epigenetic alterations in BD.[>]

CONCLUSION

Our findings provide strong evidence that global
DNA hypomethylation is associated with BD
symptom severity, with progressive reductions in
methylation linked to greater illness burden,
recurrent episodes, and environmental stressors. The
observed correlations with sleep duration, childhood
trauma, and socioeconomic status highlight the
complex interplay between genetic, epigenetic, and
environmental factors in BD. These results support
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the hypothesis that BD is an epigenetically mediated
disorder influenced by cumulative life experiences.

Future

research  should  explore  whether

interventions targeting sleep, stress reduction, or
pharmacological epigenetic modulation can mitigate
these methylation deficits and improve clinical
outcomes in BD patients.
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