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This study aimed to evaluate serum brain-derived neu-
rotrophic factor levels, stress, and quality of life in
leprosy patients, and to explore their interrelations. A
cross-sectional study was conducted from September
2024 to May 2025 at 3 hospitals in Medan, Indonesia,
involving 45 leprosy patients aged =18 years who met
inclusion criteria. Serum brain-derived neurotrophic
factor levels were measured using ELISA, stress was
assessed using the Perceived Stress Scale-10, and
quality of life was evaluated through the WHOQOL-
BREF questionnaire. Descriptive statistics, Shapiro-
Wilk normality test, and Spearman’s rank correlation
were used for analysis. The mean serum brain-deri-
ved neurotrophic factor level was 7.38+3.37 ng/mL.
Patients with multibacillary leprosy without reaction
had higher brain-derived neurotrophic factor levels
than those with type 1 or type 2 reactions. Stress
levels were mild in 42.22% and severe in 28.89% of
patients. Quality of life scores varied widely. A strong
negative correlation was found between brain-derived
neurotrophic factor and stress (r=-0.953, p<0.0001),
and a strong positive correlation between brain-deri-
ved neurotrophic factor and quality of life (r=0.962,
p<0.0001). These findings suggest that serum brain-
derived neurotrophic factor levels are associated with
psychological well-being in leprosy patients and may
serve as a potential biomarker for mental health moni-
toring in this population.
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Leprosy is a chronic granulomatous infectious disease
caused by Mycobacterium leprae, with a primary
affinity for peripheral nerves, but it does not infect the
central nervous system. The brain itself is generally not
infected by M. leprae, due to the absence of Schwann
cells in the central nervous system. Other commonly
involved sites include the skin, eyes, upper respiratory
tract mucosa, muscles, bones, and testes (1-3). Despite
significant reductions in prevalence due to global eradica-

SIGNIFICANCE

Leprosy is not only a physical disease but also affects men-
tal well-being and quality of life. This study highlights the
role of a brain-related protein, brain-derived neurotrophic
factor, in reflecting stress and life satisfaction in people
with leprosy. Higher BDNF levels were linked to lower
stress and better quality of life. These findings suggest that
BDNF could be used as a biological marker to help doctors
better understand and support the mental health of leprosy
patients, leading to more holistic and compassionate care.

tion programmes, leprosy remains a major public health
concern, particularly in endemic countries such as India,
Brazil, and Indonesia, which together accounted for 74%
of new global cases in 2021 (4). In Indonesia, the 2023
data reported 5.2 new cases per 100,000 population, with
90% being multibacillary (MB) (1).

Beyond its physical manifestations, leprosy is heavily
burdened by social stigma and discrimination, contri-
buting to psychological distress, social isolation, and
decreased quality of life (4, 5). Chronic stress is parti-
cularly concerning, as it negatively affects both mental
health and immune function. However, mental health in
leprosy patients often remains under-addressed in clinical
management (6-8).

Recent research highlights the potential role of brain-
derived neurotrophic factor (BDNF) as a biomarker lin-
king psychological stress with neurobiological changes.
Physiological serum BDNF concentrations in healthy
individuals typically range between 15 and 20 ng/ml
(9), which are considered sufficient to support neuronal
survival, growth, and plasticity. BDNF supports neu-
ronal survival, growth, and plasticity, and is found in
both the central nervous system and peripheral tissues,
with approximately 90% stored in platelets (5, 6, 10).
Physiological serum BDNF levels of approximately
15-20 ng/mL have been reported in healthy populations,
and such levels are considered supportive of neuronal
survival, growth, and plasticity. Chronic stress can alter
BDNF expression through activation of the hypotha-
lamic—pituitary—adrenal (HPA) axis and the release of
pro-inflammatory cytokines, contributing to anxiety,
depression, and cognitive dysfunction (6, 8, 11, 12).

The Perceived Stress Scale (PSS) is a validated tool
used to assess subjective stress levels, while the WHO
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Quality of Life-BREF (WHOQOL-BREF) questionnaire
measures physical, psychological, social, and environ-
mental dimensions of quality of life (13, 14). Previous
studies, including Nogueira et al. (15), reported lower
BDNF levels in leprosy patients compared with healthy
individuals, suggesting a link between M. leprae infec-
tion and disrupted neurotrophic signalling (15).

However, the relationship between BDNF levels,
stress, and quality of life in leprosy remains poorly under-
stood. No studies to date have comprehensively explored
these parameters together. Understanding these interac-
tions may provide a more holistic perspective on leprosy
and inform more integrated patient care approaches.
Therefore, this study aims to investigate the correlation
between serum BDNF levels, stress levels, and quality
of life in individuals affected by leprosy.

MATERIALS AND METHODS
Methodology

An analytical observational study with a cross-sectional
design was conducted between September 2024 and May
2025 at the Dermatology and Venereology Outpatient
Clinics of Dr. Pirngadi General Hospital Medan, Prof.
Dr. Chairuddin P. Lubis Universitas Sumatera Utara
Hospital, and Adam Malik Hospital. Blood samples
were processed at the Integrated Laboratory, Faculty
of Medicine, Universitas Sumatera Utara. The study
population comprised all individuals diagnosed with
leprosy who attended the aforementioned clinics during
the study period. Participants were enrolled using a
non-probability consecutive sampling method, resulting
in a final sample of 45 patients who met the inclusion
criteria. Classification strictly followed the WHO criteria
based on both lesion count and slit-skin smear status to
minimize diagnostic errors.

Inclusion criteria

Inclusion criteria were: patients diagnosed with leprosy
(either paucibacillary [PB] or multibacillary [MB]), aged
18 years or older, and willing to participate as indicated
by signing an informed consent form.

Exclusion criteria

Exclusion criteria included patients who were uncoo-
perative, had physical disabilities, or had a history of
psychiatric disorders such as schizophrenia, depression,
or mood disorders. Patients with chronic systemic or der-
matological diseases (e.g., diabetes mellitus, psoriasis),
those who had taken specific medications in the past 6
months (such as statins, corticosteroids, antidepressants,
psychotropic drugs, or beta-blockers), and pregnant or
breastfeeding women were also excluded from the study.
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Clinical evaluation and classification

Patients were classified into PB or MB based on WHO
criteria (<5 skin lesions and negative slit-skin smear for
PB; >5 lesions or positive smear for MB). Reactions
were categorized as type 1 or type 2. One PB patient with
type 2 reaction was re-evaluated and likely represented
a borderline case misclassified as PB.

Procedure

After obtaining informed consent, each participant
underwent clinical evaluation to determine disease
classification and duration. Demographic and clinical
characteristics were recorded, followed by venous
blood collection. A total of 5 mL of blood was drawn
from the median cubital vein using standard sterile
techniques. The blood sample was allowed to clot at
room temperature for 30 min and then centrifuged at
3,000 rpm for 15 min. The serum was separated and
stored at —20°C until further analysis. Serum BDNF
levels were measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Minneapolis, MN, USA), and all proce-
dures followed the manufacturer’s instructions. Optical
density was measured at 450 nm using a microplate
reader. The majority of participants were receiving
multi-drug therapy(MDT) at the time of sampling;
no post-treatment samples were collected. Blood was
obtained once, at baseline.

Stress levels were assessed using the Perceived Stress
Scale-10 (PSS-10), which was administered through
direct interviews. Based on the total score, stress levels
were categorized as mild (0—13), moderate (14-26), or
severe (27—40). Quality of life was evaluated using the
WHOQOL-BREF questionnaire, also conducted through
interviews, covering 4 domains: physical, psychological,
social relationships, and environmental aspects.

A total of 48 eligible patients were screened, of whom
3 (6.25%) declined participation due to time constraints
or reluctance to undergo venipuncture. Consequently, 45
patients were enrolled and included in the final analysis.
None were excluded due to mental health conditions.

Statistical analysis

All data underwent statistical analysis. Univariate ana-
lysis was performed to summarize demographic and
clinical characteristics. The Shapiro—Wilk test was app-
lied to assess the normality of the data distribution. As
the data were not normally distributed, Spearman’s rank
correlation test was employed to examine the relationship
between serum BDNF levels, stress levels, and quality
of life. A p-value of <0.05 was considered statistically
significant. All analyses were conducted using appro-
priate statistical software.
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Table I. Demographicand clinical characteristics of leprosy patients
(n=45)

Table III. Serum brain-derived neurotrophic factor (BDNF) levels
by leprosy type and reaction status

Variable Category n %

Age (years) 18-25 8 17.78%
26-35 14 31.11%
36-45 12 26.67%
46-55 9 20.00%
56-65 2 4.44%

Sex Male 27 60.00%
Female 18 40.00%

Leprosy type Multibacillary (MB) 23 51.11%

Without reaction — 18 —

Type 1 reaction — 2 —

Type 2 reaction — 3 —
Paucibacillary (PB) 22 48.89%

Without reaction — 17 —

Type 1 reaction — 4 —

Type 2 reaction — 1 —

Duration of disease <6 months 15 33.33%
7-12 months 14 31.11%
>12 months 16 35.56%

RESULTS

A total of 45 patients diagnosed with leprosy were
included in this study. All participants underwent a com-
prehensive evaluation consisting of anamnesis, physical
and dermatological examinations, serum brain-derived
neurotrophic factor (BDNF) measurement, assessment
of stress levels using the Perceived Stress Scale-10
(PSS-10), and quality of life evaluation.

The demographic and clinical characteristics of the
patients are summarized in Table I. The age distribu-
tion showed that the majority of patients were between
26 and 35 years old (31.11%)), followed by 3645 years
(26.67%), 4655 years (20.00%), 18-25 years (17.78%),
and 5665 years (4.44%). Regarding sex distribution,
60.00% were male and 40.00% female.

Based on leprosy classification, 51.11% of patients
were diagnosed with MB leprosy, and 48.89% with
PB leprosy. Among MB patients, 18 (40.00%) had no
reaction, 2 (4.44%) presented with type 1 reaction, and
3 (6.67%) with type 2 reaction. In the PB group, 17
(37.78%) were without reaction, 4 (8.89%) had type 1
reaction, and 1 (2.22%) had type 2 reaction. The duration
of disease was relatively evenly distributed, with 35.56%
having leprosy for more than 12 months, 33.33% for 6
months or less, and 31.11% for 7 to 12 months.

The overall mean serum BDNF level among all parti-
cipants was 7.38+3.37 ng/mL, with a median of 8.02 ng/

Table II. Psychological profile and serum brain-derived
neurotrophic factor (BDNF) levels

Variable Category n (%) Mean+ SD Median (range)
Serum BDNF (ng/ — 45 7.38 +3.37 8.02 (2-12)
mL)
Stress level Mild 19 (42.22%)
Moderate 13 (28.89%) 18.47 +13.16 16 (0-40)
Severe 13 (28.89%)
Quality of life Very Poor 13 (28.89%)
Poor 6 (13.33%)
Fair 10 (22.22%) 2.67 £1.28 3 (1-5)
Good 15 (33.33%)

Very Good 1 (2.22%)

Leprosy Mean BDNF£SD

type Reaction status n (%) (ng/mL)

MB Without reaction 18 (40.00%) 8.14+3.54
Type 1 reaction 2 (4.44%) 10.941+0.46
Type 2 reaction 3 (6.67%) 5.38%4.26

PB Without reaction 17 (37.78%) 7.34%3.05
Type 1 reaction 4 (8.89%) 4.82+2.11
Type 2 reaction 1(2.22%) 3.51

MB: multibacillary; PB: paucibacillary; SD: standard deviation.

mL and a range from 2 to 12 ng/mL (Table II). When
analysed by leprosy type and reaction status (Table I1I),
MB patients without reaction showed a mean BDNF level
of 8.14+3.54 ng/mL, those with type 1 reaction had a
higher mean level of 10.94+0.46 ng/mL, and those with
type 2 reaction had a lower mean level of 5.38+4.26 ng/
mL. In PB patients, the mean BDNF level was 7.34+3.05
ng/mL without reaction, 4.82+2.11 ng/mL with type 1
reaction, and 3.51 ng/mL in the single patient with type
2 reaction.

Stress assessment revealed that 42.22% of participants
experienced mild stress, 28.89% moderate stress (mean
score 18.47+13.16), and 28.89% severe stress. Quality
of life assessment showed that 33.33% reported good
quality of life, 28.89% very poor, 22.22% fair (mean
score 2.67+1.28), 13.33% poor, and 2.22% very good
(see Table 1I).

Correlation analysis demonstrated a strong and sta-
tistically significant negative correlation between serum
BDNF levels and stress scores (=0.953, p<0.0001),
indicating that higher BDNF levels were associated with
lower perceived stress. Conversely, serum BDNF levels
showed a strong positive correlation with quality of life
(r=0.962, p<0.0001), suggesting that higher BDNF
concentrations corresponded with better quality of life
among leprosy patients (Table IV).

DISCUSSION

This study involved 45 leprosy patients who underwent
a series of evaluations, including medical history taking,
physical and dermatological examination, as well as
serum BDNF level measurements, stress assessment, and
quality of life evaluation. The collected data were proces-
sed and analysed using appropriate statistical methods.

The age classification in this study adhered to the
categories defined by the Indonesian Ministry of Health:
late adolescence (18-25 years), early adulthood (2635
years), middle adulthood (3645 years), early elderly
(4655 years), late elderly (56—65 years), and senior (> 65

Table IV. Correlation between serum brain-derived neurotrophic
factor (BDNF) levels, stress, and quality of life in leprosy patients

Variable p-value Correlation coefficient (r)
BDNF vs stress <0.0001 -0.953
BDNF vs quality of life <0.0001 0.962
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years (16, 17). The most prevalent age group among par-
ticipants was early adulthood (2635 years), accounting
for 31.11%, followed by middle adulthood (3645 years)
at 26.67%, and early elderly (4655 years) at 20%. Par-
ticipants’ ages ranged from 18 to 59 years. No padiatric
patients were included in this study. According to the
Indonesian Ministry of Health, approximately 8.5% of
new leprosy cases nationwide occur among individuals
under 15 years of age, indicating ongoing transmission
in the community.

This finding aligns with literature suggesting that indi-
viduals in their productive years are more vulnerable to
M. leprae exposure due to increased mobility and social
interaction (18-20). Additionally, delayed diagnosis and
declining immune efficiency in older adults may contri-
bute to higher incidence in this group (18, 21).

Although leprosy can affect all age groups, it is most
prevalent among individuals aged 1544 and tends to
decline in older populations, possibly due to reduced
mobility and the potential reactivation of latent infec-
tion (22, 23).

The majority of patients in this study were male (60%),
while females comprised 40%. This result is consistent
with previous findings and WHO reports (2022), indi-
cating that men are at greater risk due to more frequent
outdoor activity and delays in seeking medical care.
Hormonal and behavioural differences may also influ-
ence immune responses to M. leprae infection (24, 25).

The distribution of leprosy types was relatively
balanced, with MB cases accounting for 51.1% and PB
for 48.89%. According to WHO, the MB type is more
common in endemic areas due to frequent late-stage
diagnoses (26).

Among MB patients, most did not experience leprosy
reactions (18 individuals), while type 1 and type 2 reac-
tions were found in 2 and 3 patients, respectively. Type
2 reactions are more common in MB cases due to high
bacterial load and more complex immune responses (27).

In PB patients, 17 did not develop reactions, 4 had type
1 reactions, and 1 had a type 2 reaction. Type 1 reactions
are more prevalent in PB cases due to stronger cellular
immune responses (28).

The duration of disease varied from 2 to 20 months,
with the majority (35.56%) experiencing illness for more
than 12 months. This indicates that delayed diagnosis
remains a significant problem, increasing the risk of
complications and immune reactions (26).

Longer disease duration is associated with higher risk
of disability and chronic immune reactions. Casotti et
al. reported that chronic antigen accumulation and pro-
longed immune stress aggravate leprosy reactions (27).

The mean serum BDNF level in this study was
7.38+3.37 ng/mL, lower than the average in healthy popu-
lations (16.3+7.3 ng/mL according to Karege et al. (9). This
suggests possible neuroimmune dysfunction or impaired
nerve regeneration due to M. leprae infection (30).
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BDNF plays an essential role in neuronal maintenance,
regeneration, and immune modulation. Reduced BDNF
levels may indicate peripheral nerve damage and chronic
inflammation (31).

BDNF levels varied by leprosy type and reaction.
MB cases without reactions had higher BDNF levels
(8.14+3.54) compared with PB without reactions
(7.34+3.05). In MB with reactions, type 1 showed higher
levels (10.94+0.46) than type 2 (5.38+4.26). In PB, BDNF
levels were also higher in type 1 (4.82+2.11) than in type
2 reactions (3.51). This suggests neuroprotective com-
pensation or differing pathophysiological mechanisms
between reaction types.

Nogueira et al. reported that M. leprae reduces BDNF
expression in Schwann cells and mouse nerves, contri-
buting to peripheral neuropathy. Decreased BDNF is
also thought to reflect the severity of nerve damage and
inflammation, making it a potential clinical biomarker
(15, 32).

The mean stress score was 18.47 (median 16), rang-
ing from 0 to 40. Most patients experienced mild stress
(42.2%), indicating varying degrees of psychological
distress among leprosy patients.

High stress levels may be due to emotional burdens
from stigma, fear of disability, and social exclusion, as
previously noted by Reis et al. (33). Depression, as a
mood disorder, may also be precipitated by the psycho-
social stigma and inflammatory consequences of leprosy,
contributing to overall stress and reduced quality of life.

Patients reported diverse quality of life experiences:
33.3% rated their quality of life as good, while 28.9%
reported it as very poor. This demonstrates a wide
spectrum of lived experiences, influenced by medical,
psychological, and social factors.

Patients with good quality of life often receive suffi-
cient medical treatment and social support. In contrast,
those with very poor quality of life frequently suffer from
physical deformities, social stigma, and low self-esteem,
as reported by Sinambela et al. (34).

Subjects with severe systemic illness, psychiatric dis-
orders, or other medical conditions that could interfere
with quality-of-life assessment were excluded from this
study. Therefore, the data reflect the actual quality-of-life
conditions of leprosy patients with relatively homoge-
neous medical backgrounds.

The Shapiro—Wilk normality test indicated that data
for BDNF, PSS, and quality of life were not normally
distributed (p<0.05); thus, Spearman correlation was
used. The results showed a very strong negative cor-
relation between BDNF and stress levels (=—0.953,
2<0.001), and a very strong positive correlation between
BDNF and quality of life (+=0.962, p<0.001). These
associations may also be influenced by individual dif-
ferences in psychological resilience, social support, and
life circumstances, which could not be fully accounted
for in this cross-sectional design.
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Progressive demyelination of nerves infected by
M. leprae has been verified both in vivo and in vitro,
along with glial pathology similar to that seen in other
peripheral neuropathies (15). The peripheral nerve tro-
pism of M. leprae involves binding to Schwann cells
via a complex formed by alpha-dystroglycan receptors
and the extracellular matrix protein laminin-a2 (15, 35).
The observed reduction in cytoplasmic expression and
secretion of BDNF in human Schwann cells treated with
M. leprae is associated with diminished neurotrophic
and immunomodulatory function, leading to impaired
tissue integrity. Conversely, Schwann cells rich in BDNF
exhibit enhanced proliferative and secretory capacity in
vitro (15, 36).

BDNF (Brain-Derived Neurotrophic Factor) is a major
neurotrophin predominantly expressed in the postnatal
brain, though it is also found in peripheral tissues such as
the heart, lungs, and platelets. Besides neurons, BDNF is
also secreted by astrocytes and microglia, with its release
regulated by stimuli such as neuronal depolarization,
neuropeptides, and compounds like glutamate and ATP.

BDNF plays a vital role in neuroinflammation,
neuroplasticity, and cognitive and emotional function.
Numerous studies have demonstrated its involvement
in neuropsychiatric disorders, including schizophrenia,
Alzheimer’s disease, mood disorders, and Parkinsonism
(15, 35).

Miao et al. (2018) found that both physical and psycho-
logical stress can reduce BDNF expression, impacting
synaptic plasticity, neurogenesis, and overall quality of
life. The current study’s findings are consistent, showing
negative correlations between BDNF and stress, and
positive correlations between BDNF and quality of life
(37). Buselli et al. (38) reported increased plasma BDNF
in workers under chronic stress, possibly reflecting a neu-
roprotective compensatory response. Puhlmann et al. (39)
observed elevated BDNF after acute psychosocial stress,
with an antagonistic relationship to cortisol levels. Li et
al. (40) found higher BDNF levels correlated negatively
with depression scores in haemodialysis patients, sugges-
ting its potential as a psychological well-being marker.
Abd El Raheem et al. (41) also linked elevated BDNF
to acne vulgaris severity, indicating a role in inflamma-
tion and skin cell proliferation, beyond its established
neural functions. This study had several limitations. Only
baseline sampling was performed; longitudinal changes
in BDNF were not assessed. Patients with neuritis or
silent neuropathy were not analysed separately. Paedia-
tric patients were not included. One case classified as PB
with type 2 reaction likely represented borderline mis-
classification. These issues should be addressed in future
studies. Additionally, serum BDNF was not re-evaluated
after treatment or reaction resolution; thus, dynamic
changes over time could not be assessed. Longitudinal
follow-up comparing patients with high and low baseline
BDNF levels is warranted to determine predictive value.
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This study demonstrates that serum BDNF levels are
strongly negatively correlated with stress levels and
positively correlated with quality of life among patients
with leprosy. These findings highlight the potential of
BDNF as a sensitive biomarker for assessing psycholo-
gical condition and well-being in this population. Thus,
measuring BDNF levels may be an important component
of the comprehensive evaluation of leprosy patients,
particularly in the early detection of chronic stress and
declining quality of life. While alterations in BDNF are
not specific to leprosy neuropathy, their consistent rela-
tionship with stress and neuroinflammatory responses
underscores their potential utility as a general neuroim-
mune biomarker within this disease context.

The practical implication of this study is the urgent
need to integrate mental health services and psychosocial
rehabilitation into leprosy control programmes. Interven-
tions aimed at reducing stress and improving quality of
life are expected to enhance clinical outcomes and acce-
lerate holistic recovery in patients affected by leprosy.

ACKNOWLEDGEMENTS

The authors would like to thank the Department of Dermatology
and Venereology, Faculty of Medicine, Universitas Sumatera
Utara, and the staff of Dr. Pirngadi General Hospital, Prof. Dr.
Chairuddin P. Lubis Hospital, and Haji Adam Malik Hospital for
their support during this study. Special appreciation is extended
to the laboratory technicians at the Integrated Laboratory of
the Faculty of Medicine, Universitas Sumatera Utara, for their
technical expertise in processing and analysing the serum samples.
Finally, the authors thank all the patients who generously gave
their time and consent to participate in this study, without whom
this research would not have been possible.

IRB approval status: Ethics approval was obtained from the Health
Research Ethics Committee of the Faculty of Medicine, Univer-
sitas Sumatera Utara (Approval No: 1201/KEPK/USU/2024).

The authors have no conflicts of interest to declare.

REFERENCES

1. Kementerian Kesehatan Republik Indonesia. Profil Kesehatan
Indonesia Tahun 2023. Jakarta; 2024.

2. Sihaloho K, Hidayati A, Agusni I. Ekspresi transforming
growth factor-beta (TGF-B) pada sel T regulator (Treg) dari
lesi kulit pasien kusta. Berk Ilmu Kesehat Kulit Kelamin
2016; 28: 1-17.

3. Salgado C, de Brito A, Salgado U, Spencer J. Leprosy. In:
Fitzpatrick’s dermatology in general medicine. 9th ed. New
York: McGraw Hill Companies; 2019: p. 2892-2924.

4. World Health Organization. Global Health Observatory data:
Leprosy (Hansen’s Disease). Geneva: WHO; 2023.

5. Lin CC, Huang TL. Brain-derived neurotrophic factor and
mental disorders. Biomed J 2020; 43: 134-142. https://doi.
org/10.1016/j.bj.2020.01.001

6. Lima Giacobbo B, Doorduin J, Klein HC, Dierckx RAJO, Brom-
berg E, de Vries EFJ]. Brain-derived neurotrophic factor in
brain disorders: focus on neuroinflammation. Mol Neurobiol
2019; 56: 3295-3312. https://doi.org/10.1007/s12035-
018-1283-6

7. Miao Z, Wang Y, Sun Z. The relationships between stress,
mental disorders, and epigenetic regulation of BDNF. Int J Mol
Sci 2020; 21: 1375. https://doi.org/10.3390/ijms21041375


https://doi.org/10.1016/j.bj.2020.01.001
https://doi.org/10.1016/j.bj.2020.01.001
https://doi.org/10.1007/s12035-018-1283-6
https://doi.org/10.1007/s12035-018-1283-6
https://doi.org/10.3390/ijms21041375

ActaDV

ActaDV

6/6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Nahrisyah et al. "BDNF, stress, and quality of life in leprosy”

. Mravec B, Horvathova L, Padova A. Brain under stress and

Alzheimer’s disease. Cell Mol Neurobiol 2018; 38: 73-84.
https://doi.org/10.1007/s10571-017-0521-1

. Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry

JM. Decreased serum brain-derived neurotrophic factor levels
in major depressed patients. Psych Res 2002; 109: 143-148.
Tsai SJ. Critical issues in BDNF Val66Met genetic studies of
neuropsychiatric disorders. Front Mol Neurosci 2018; 11:
156. https://doi.org/10.3389/fnmol.2018.00156

Dolotov OV, Inozemtseva LS, Myasoedov NF, Grivennikov IA.
Stress-induced depression and Alzheimer’s disease: focus
on astrocytes. Int J Mol Sci 2022; 23: 4999. https://doi.
org/10.3390/ijms23094999

Kazakou P, Nicolaides NC, Chrousos GP. Basic concepts and
hormonal regulators of the stress system. Horm Res Paediatr
2023; 96: 8-16. https://doi.org/10.1159/000523975

Lee EH. Review of the psychometric evidence of the Perceived
Stress Scale. Asian Nurs Res 2012; 6: 121-127. https://doi.
org/10.1016/j.anr.2012.08.004

Govindharaj P, Srinivasan S, Darlong J. Quality of life of per-
sons affected by leprosy in an endemic district, West Bengal,
India. Indian J Dermatol 2018; 63: 459-464.

Nogueira MRS, Amo6r NG, Michellin LB, Cury Filho M, Rosa
PS, Latini ACP, et al. Effect of Mycobacterium leprae on neu-
rotrophins expression in human Schwann cells and mouse
sciatic nerves. Mem Inst Oswaldo Cruz 2020; 115: e200330.
https://doi.org/10.1590/0074-02760200075

Hardhana B, Sibuea F, Widiantini W. Profil Kesehatan Indo-
nesia 2020. Jakarta: Kementerian Kesehatan Republik
Indonesia; 2021.

Muchammad Al Amin DJ. Klasifikasi kelompok umur manusia
berdasarkan analisis dimensi fraktal box counting dari citra
wajah dengan deteksi tepi Canny. J Ilm Mat 2017; 2: 33-42.
Zhang K, Zhang W, Lu H. Global trends in the incidence,
prevalence and disability-adjusted life years of leprosy from
1990 to 2019: an age-period-cohort analysis using the Global
Burden of Disease Study 2019. Clin Cosmet Investig Dermatol
2025; 18: 883-898. https://doi.org/10.2147/CCID.S508600
Sunarto DY, Waspodo NN, Safitri A. Characteristics of leprosy
disease: literature review. J Eduhealth 2024; 15: 1087-1101.
Peng J, Sun P, Wang L, Wang H, Long S, Yu MW. Leprosy
among new child cases in China: epidemiological and clinical
analysis from 2011 to 2020. PLoS Negl Trop Dis 2023; 17:
e0011092. https://doi.org/10.1371/journal.pntd.0011092
Goémez L, Rivera A, Vidal Y, Bilbao ], Kasang C, Parisi S, et al.
Factors associated with delay of diagnosis of leprosy in north-
eastern Colombia: a quantitative analysis. Trop Med Int Health
2018; 23: 193-198. https://doi.org/10.1111/tmi.13023
Basel P, Pahan D, Moet FJ, Oskam L, Richardus JH. Leprosy
incidence: six years follow-up of a population cohort in
Bangladesh. Lepr Rev 2014; 85: 158-169. https://doi.
org/10.47276/1r.85.3.158

Lee J, Kim JP, Nishikiori N, Fine PEM. The decline of leprosy
in the Republic of Korea: patterns and trends 1977-2013.
Lepr Rev 2015; 86: 316-327. https://doi.org/10.47276/
Ir.86.4.316

Kartini A, Wahyuni S, Basuki A. Hubungan karakteristik
penderita kusta dengan jenis kusta di Kabupaten Sidoarjo
tahun 2021. J Berk Epidemiol 2022; 10: 66-74.

Yulita I, Masjhoer S, Taufik H. Karakteristik penderita kusta
di Kabupaten Lebak Provinsi Banten tahun 2017. J Medula
Unila 2020; 10: 70-76.

World Health Organization. Global leprosy (Hansen disease)
update, 2021: New cases slow, continued endemicity in hype-
rendemic countries. Wkly Epidemiol Rec 2022; 97: 429-450.
Casotti MO, Gryschek RCB, Paula FM, Gomes-Gouvéa M,
Pinho JRR, Tuan R, et al. Molecular detection of prepatent

Acta Derm Venereol 2026

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Schistosoma mansoni infection in Biomphalaria glabrata
snail vectors. Rev Inst Med Trop Sao Paulo 2020; 62: el8.
https://doi.org/10.1590/s1678-9946202062017

Pinto A, Ferreira C, Oliveira M, Andrade P, Sarno E, Nery
J. Clinical and immunological aspects of type 1 reaction in
paucibacillary leprosy patients. PLoS Negl Trop Dis 2021;
15: e0009831.

Lang UE, Hellweg R, Gallinat J. BDNF serum concentrations
in healthy volunteers are associated with depression-related
personality traits. Neuropsychopharmacology 2004; 29:
795-808. https://doi.org/10.1038/sj.npp.1300382

Klein AB, Williamson R, Santini MA, Clemmensen C, Ettrup
A, Rios M, et al. Blood BDNF concentrations reflect brain-
tissue BDNF levels across species. Int J Neuropsychop-
harmacol 2011; 14: 347-353. https://doi.org/10.1017/
S1461145710000738

Sochal M, Ditmer M, Gabryelska A, Bialasiewicz P. The role
of brain-derived neurotrophic factor in immune-related
diseases: a narrative review. ] Clin Med 2022; 11: 6023.
https://doi.org/10.3390/jcm11206023

Souza BJ, Mendes MA, Sperandio da Silva GM, Sammarco-
Rosa P, Moraes MO, Jardim MR, et al. Gene expression profile
of Mycobacterium leprae contribution in the pathology of
leprosy neuropathy. Front Med 2022; 9: 861586. https://
doi.org/10.3389/fmed.2022.861586

Reis F1], Lopes D, Rodrigues ], Gosling AP, Gomes MK. Psy-
chological distress and quality of life in leprosy patients with
neuropathic pain. Lepr Rev 2014; 85: 186-193. https://doi.
org/10.47276/1r.85.3.186

Sinambela DWI, Lubis SR, Dalimunthe DA. Correlation bet-
ween perceived stigma and quality of life of leprosy patients.
Bali Med J 2020; 9: 830-835. https://doi.org/10.15562/
bmj.v9i3.1962

Notaras M, van den Buuse M. Neurobiology of BDNF in
fear memory, sensitivity to stress, and stress-related dis-
orders. Mol Psychiatry 2020; 25: 2251-2274. https://doi.
org/10.1038/s41380-019-0639-2

Hou X, Liang Q, Wu Y. Transplantation of Schwann cells
co-cultured with brain-derived neurotrophic factor for the
treatment of experimental autoimmune neuritis. J Neu-
roimmunol 2013; 263: 83-90. https://doi.org/10.1016/j.
jneuroim.2013.08.004

Miao Z, Mao F, Liang J, Szyf M, Wang Y, Sun ZS. Anxiety-
related behaviours associated with microRNA-206-3p and
BDNF expression in pregnant female mice following psycho-
logical social stress. Mol Neurobiol 2018; 55: 1097-1111.
https://doi.org/10.1007/s12035-016-0378-1

Buselli R, Veltri A, Baldanzi S, Marino R, Bonotti A, Chiumiento
M, et al. Plasma brain-derived neurotrophic factor (BDNF)
and serum cortisol levels in workers exposed to occupational
stress and suffering from adjustment disorders. Brain Behav
2019; 9: e01298. https://doi.org/10.1002/brb3.1298
Puhlmann LMC, Vrticka P, Linz R, Valk SL, Papassotiriou
I, Chrousos GP, Engert V, Singer T. Serum brain-derived
neurotrophic factor increase following long-term contemp-
lative mental training is associated with reduced cortisol
secretion and hippocampal plasticity. Biological Psychiatry:
Global Open Science. 2024.

Li J, Li R, Li D, Zhang J, Luo X, Zhang Y. Serum BDNF
levels and state anxiety are associated with somatic
symptoms in patients with panic disorder. Front Psy-
chiatry 2023; 14: 1168771. https://doi.org/10.3389/
fpsyt.2023.1168771

Abd El Raheem T, Shaker O, Nassar M. Recent review on the
role of brain-derived neurotrophic factor on acne vulgaris.
Fayoum Univ Med J 2023; 12: 1-7. https://doi.org/10.21608/
fumj.2023.323561


https://doi.org/10.1007/s10571-017-0521-1
https://doi.org/10.3389/fnmol.2018.00156
https://doi.org/10.3390/ijms23094999
https://doi.org/10.3390/ijms23094999
https://doi.org/10.1159/000523975
https://doi.org/10.1016/j.anr.2012.08.004
https://doi.org/10.1016/j.anr.2012.08.004
https://doi.org/10.1590/0074-02760200075
https://doi.org/10.2147/CCID.S508600
https://doi.org/10.1371/journal.pntd.0011092
https://doi.org/10.1111/tmi.13023
https://doi.org/10.47276/lr.85.3.158
https://doi.org/10.47276/lr.85.3.158
https://doi.org/10.47276/lr.86.4.316
https://doi.org/10.47276/lr.86.4.316
https://doi.org/10.1590/s1678-9946202062017
https://doi.org/10.1038/sj.npp.1300382
https://doi.org/10.1017/S1461145710000738
https://doi.org/10.1017/S1461145710000738
https://doi.org/10.3390/jcm11206023
https://doi.org/10.3389/fmed.2022.861586
https://doi.org/10.3389/fmed.2022.861586
https://doi.org/10.47276/lr.85.3.186
https://doi.org/10.47276/lr.85.3.186
https://doi.org/10.15562/bmj.v9i3.1962
https://doi.org/10.15562/bmj.v9i3.1962
https://doi.org/10.1038/s41380-019-0639-2
https://doi.org/10.1038/s41380-019-0639-2
https://doi.org/10.1016/j.jneuroim.2013.08.004
https://doi.org/10.1016/j.jneuroim.2013.08.004
https://doi.org/10.1007/s12035-016-0378-1
https://doi.org/10.1002/brb3.1298
https://doi.org/10.3389/fpsyt.2023.1168771
https://doi.org/10.3389/fpsyt.2023.1168771
https://doi.org/10.21608/fumj.2023.323561
https://doi.org/10.21608/fumj.2023.323561

