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Abstract

Telomeres shorten due to environmental and psychological stress. Psychiatric disorders, especially those triggered by stress, can alter telomere length.
Genetic factors associated with depression vary across cultures and environments. The serotonin-transporter-linked polymorphic region (5-HTTLPR) of
SLC6A4 has been associated with susceptibility to depression, but the risk allele appears to differ between populations. This study aimed to investigate the
correlation between telomere length and depression in Indonesia, focusing on socioeconomic, cultural, and genetic factors amidst rapid social changes. We
recruited 97 psychiatric outpatients and 101 participants without depressive symptoms. Psychological assessments were conducted using the Self-
Construal Scale (SCS) and Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) via interviews. DNA extracted from the peripheral blood was
used to identify the SLC6A4 genotype by PCR, and telomere length was measured by quantitative PCR. The comparison of patients with depression and
controls revealed significant telomere shortening in the patient group (p < 0.0001, Mann-Whitney U-test). Logistic regression showed that psychological
scales were stronger predictors of depression than telomere length or SLC6A4 polymorphisms. A multiple regression analysis indicated that the LL genotype
of SLC6A4, but not socioeconomic or psychological factors, was strongly associated with telomere length (p = 0.001). This study is the first to analyze both
psychological and genetic factors in the relationship between depression and telomere shortening, providing new insights into the genetic co-evolution
mechanisms associated with depression.

INTRODUCTION

Telomeres play a crucial role in cellular aging as they shorten with each cell division; however, this shortening has been linked to various environmental and
psychological stresses and lifestyle factors that can accelerate the aging process 2. Research has demonstrated that psychiatric disorders, particularly
those triggered by life stressors, can lead to changes in telomere length. For example, a systematic review compiled evidence from several studies that
measured telomere length in individuals experiencing anxiety, depression, or related disorders and suggested that psychiatric conditions might have
contributed to telomere shortening 3. Additionally, Ellaway, et al.  found an association between higher levels of neighborhood stress and shorter telomeres.
Notably, Gillis, et al. 5 provided evidence that longer telomere length at midlife is associated with a reduced risk of worsening depressive symptoms over a
span of 20 years, particularly among women.

In contemporary society, the significance of mental and social well-being is increasingly being acknowledged alongside physical health. Stress-related
mental health issues, particularly depression, have emerged as major global challenges ®. Numerous studies have shown that factors contributing to
depression include genetic and biological components, lifestyle, and environmental factors 7. The relationship between telomere length and depression has
recently garnered attention. It is possible that the development of depression could affect telomere length or that a common factor, such as stress, could
influence both. Nevertheless, the Netherlands Study of Depression and Anxiety (NESDA) revealed that while polygenic risk scores (PRS) for depression were
correlated with lifetime depression and its severity, they did not show a relationship with telomere length °. However, research on the complex relationship
between these two factors is limited.

The risk factors and causal mechanisms of depression can vary among countries and ethnic groups living in different cultures and environments %' In

addition, genetic epidemiological studies suggest that polymorphisms in the serotonin transporter gene solute carrier family 6 member 4 (SLC6A4)
contribute to susceptibility to psychiatric disorders differently in European and East Asian communities 719, Despite a growing body of research, most
studies on telomeres have been conducted in developed countries. This underscores the urgent need to investigate these relationships in developing nations,
which potentially display diversity in the biological and social mechanisms associated with cellular aging and mental health. These nations have also been
facing challenges related to the aging of society and increased mental health issues .

The prevalence of depression has been rapidly increasing in Indonesia ', the largest country in Southeast Asia with a population of 260 million. However,
only one study has explored the relationship between job stress and telomere length among nurses in Bali, reporting a negative correlation '3. This study
aimed to investigate the correlation between telomere length and depression in Indonesia during a time of rapid social and cultural changes. Special
attention was paid to exploring the socioeconomic, cultural, and genetic factors for depression and telomere length.

METHODS
Recruitment of the participants

This was a case-control study conducted in Makassar, the capital city in the province of South Sulawesi, Indonesia. Outpatients at the Department of
Psychiatry, Hasanuddin University, underwent general clinical checks for the diagnosis of depression by licensed Indonesian psychiatrists. Once diagnosed
with depression based on the Indonesian Mental Disorder Guidelines for Classification and Diagnosis (Pedoman Penggolongan dan Diagnosa Gangguan jiwa
edisi 3), patients who agreed to participate in this study underwent further questionnaires and blood sampling.

Healthy adult volunteers without any medication were recruited as controls by an investigator (AAM) visiting three local residential areas in Makassar.
Psychiatrists confirmed that all the control participants showed no depressive symptoms when they visited the affiliated hospital for blood sampling.
Detailed procedures for the interviews and collection of biological specimens have been described elsewhere &. In total, 198 participants (97 cases and 101
controls) underwent an examination of telomere length and genotyping using DNA extracted from whole blood. Several participants were excluded from the
following statistical analysis due to missing data for each acquired parameters.

All participants provided their written informed consent prior to enrollment. This research was approved by the Ministry of Education and Culture Ethics
Committee of Medical Research Indonesia (approval number: 01/H4.8.4.5.31/PP36-KOMETIK/2017) to the Faculty of Medicine, Hasanuddin University and
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Hasanuddin University Hospital, Kyoto University Graduate School and Faculty of Medicine, Ethics Committee (approval number: G1099) to the Graduate
School of Asian and African Area Studies, Kyoto University, and by the School of Medicine, Teikyo University Ethics Committee (approval number: 22-190) to
the Department of Hygiene and Public Health, School of Medicine, Teikyo University. All methods were performed in accordance with the relevant guidelines
and regulations.

Questionnaire and blood collection

Face-to-face interviews using demographic and socioeconomic questionnaires and cultural psychological scales were conducted. The first part of the
questionnaire included questions on age, sex, religion, education, and occupation. The second part measured the cultural psychological attitudes of each
participant, and the Singelis Self-Construal Scale (SCS) was used to evaluate independent and interdependent self-construal '# and the Behavioral Inhibition
System and Behavioral Activation System (BIS/BAS) were used to assess motivation focus '°. The development and validity of the Indonesian versions of
these common scales have been described elsewhere 6.

Diagnoses and medical records regarding the onset of symptoms and prescribed drugs were collected by the psychiatrists in charge. Venous blood was
collected at each hospital, transported to Hasanuddin University Medical Research Center in Makassar, and kept frozen at - 30°C until DNA extraction.

DNA extraction and genetic analyses

Genomic DNA was extracted from 200 pL of whole blood using a commercial DNA extraction kit (QIAamp DNA Blood Mini Kit, Qiagen, Netherlands) based on
silica gel DNA-binding membrane spin columns. An aliquot of DNA was used for the genotyping and quantification of telomere length. The DNA
concentration was measured using a spectrophotometer (GENESYS 10 UV, Thermo Electron Corporation, USA). SLC6A4 encodes the serotonin transporter,
which mediates the reuptake of serotonin from the synaptic cleft and thereby regulates serotonergic neurotransmission. The most widely studied functional
variant of this gene is 5-HTTLPR, a length polymorphism in the 5' promoter region that consists of a variable number of GC-rich repeat units of 20-23 bp. The
insertion/deletion of a 43-bp segment produces a long (L) allele and a short (S) allele, and the L allele is associated with higher transcriptional activity and
serotonin uptake than the S allele. The S allele has been reported as a risk factor for depression under life stress in a European-ancestry cohort’, whereas the
L allele has been associated with anxiety in Han Chinese'”. It has been proposed that this difference reflects culture—gene coevolution, with the S allele being
more frequent in collectivistic East Asian societies'?.

The 5-HTTLPR genotype was determined using polymerase chain reaction (PCR). The forward primer for the 5-HTTLPR gene was [5-GCG CTC CTG CAT CCC
CCA TTA-3"] while the reverse primer used was [5-GGG ATG CGG GGG AAT ACT GGT-3]. The PCR reaction was carried out in a total volume of 10 pL, which
included 4.1 pL of PCR-grade water, 5 uL of AmpliTaq Gold 360 Master Mix, 0.2 L of each primer (forward and reverse), and 0.5 pL of DNA template. The
thermal cycling protocol was as follows: initial denaturation at 95°C for 10 min, followed by 25 cycles of denaturation at 95°C for 30 s, annealing at 65°C for
35's, and extension at 72°C for 30 s, with a final extension at 72°C for 7 min. PCR products were separated by electrophoresis on a 2% agarose gel.

Measurement of telomere length

Telomere length of peripheral blood mononuclear cells was determined from extracted DNA using a real-time quantitative PCR method described elsewhere
2, which was originally developed by Cawthon 7 and modified '8. Two independent PCRs were run to determine the ratio of telomere repeat copy number (T)
to single copy gene number (S) as a T/S ratio for each sample using the AACT method. Quantitative PCR was carried out in a 20 pL reaction volume using 5
ng template DNA and Light Cycler FastStart DNA Master SYBR Green | (Roche Diagnostics K.K., Tokyo, Japan). The primers for telomere PCR were tel1b [5-
CGGTTTGTTTGG GTTTGG GTTTGG GTT TGG GTT TGG GTT TGG GTT TGG GTT-37] at a final concentration of 100 nM and tel2b [5-GGC TTG CCT TAC CCT
TAC CCT TAC CCT TAC CCT-3] at a final concentration of 900 nM. The primers for the single-copy gene 36B4 were 36B4u [5-CAG CAA GTG GGA AGG TGT
AAT CC-37 at a final concentration of 300 nM and 36B4d [5-CCC ATT CTA TCA TCA ACG GGT ACA A-3'] at a final concentration of 500 nM. PCRs were run on
a Light Cycler 2.0 Instrument (Roche Diagnostics K.K., Tokyo, Japan). Thermal cycling conditions were 40 cycles of denaturation at 96°C for 1 s and
anneal/extension at 54°C for 60 s for telomeres, and 40 cycles of denaturation at 95°C for 15 s and annealing at 58°C for 60 s for 36B4. Each PCR run
included the same reference DNA pooled from all individuals for quality control, and melting curve analysis was performed to confirm the specificity of each
amplification. All samples were amplified in duplicate. The cycle threshold (Ct) of telomeres or 36B4 was converted to AACt. Telomere length was

determined as the T/S ratio (2724C of each sample relative to the average T/S of the control samples using the following formula: [2Ct(telomere) ; 5Ct(36B4)-1 -
2-ACt. 5= (ACt(each sample) ~ACt(mean of control samples)) — 2-AACt

Statistical analysis

All statistical analyses were conducted using R (ver. 4.1.3). The Mann-Whitney U-test and Fisher’s exact test were used for non-parametric comparison of
mean values and proportions between two groups, respectively, and Kruskal-Wallis test for 3-group comparison. The correlation coefficient was calculated
using Spearman’s rank test.

This study compared four models to detect the association between telomere length and the occurrence of depression by adjusting for different sets of

exploratory variables. Model 1 was the fundamental model and included age, sex, and socioeconomic status (educational history and occupation), which are
known to be elevated risk factors for the occurrence of depression 8. Model 2 included Singelis’ self-construal scales and the BIS/BAS scales, which are also
known to be associated with the occurrence of depression in Indonesia ' in addition to all variables in Model 1. Model 3 included polymorphisms in SLC6A4
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(two dummy variables: LL = 1 and LS = 1, while SS = 0 for both), which had also been a major genetic factor for depression 7, in addition to all variables in
Model 1. Model 4 included all variables (i.e., age, sex, socioeconomic status, self-construal scales, BIS/BAS scales, and SLC6A4 polymorphism). We assumed
these models because there are two hypotheses that variables affecting depression and telomere length are identical '° or different °. We ran four models for
the logistic regression analysis with the occurrence of depression as the dependent variable and for the general linear model (GLM) with relative telomere
length as the dependent variable. The Akaike Information Criteria (AIC) were calculated to select the final regression model.

To confirm the association between the dependent and explanatory variables, GLM was run for the case and control, respectively, based on the best-fitted
model. Finally, an analysis of covariance (ANCOVA) based on the best-fitted model was run to clarify the effects of genotype and depression on telomere
length, and Tukey’s honestly significant difference (HSD) test was applied for multiple comparisons among different groups. Statistical significance was set
at P<0.05, and a smaller AIC was considered a better model.

Data Availability

The data supporting the findings of this study are available from the corresponding author upon reasonable request, subject to ethical approval and
applicable data protection requirements. Individual-level genetic and clinical data are not publicly available because of privacy and confidentiality
considerations.

RESULTS

Table 1 presents the characteristics of the participants. There were no significant differences in sex or age between the case and the control groups. The
majority of participants were Muslim (92% in the control group and 89% in the case group). Regarding educational background, 72% of the case group had
received high school education or higher, compared to 52% of the control group. While employment in the private sector was common among the case, no
regular job (no employment) was more prevalent in the control group. The case group was less independent in self-construal (5.09 + 0.62 vs. 5.58 + 0.85, P <
0.0001), and had lower BAS Drive and Fun Seeking scores (11.09 + 2.70 vs. 13.28 + 2.15, P< 0.0001) and lower BAS Reward Responsiveness scores (14.13 +
3.74vs. 17.81 £2.39, P<0.0001) compared to the control group. There were no differences in the allele frequencies at the SLC6A4 locus. The relative
telomere length was shorter in the case group (- 2.26 + 4.55) than in the control group (0.00 + 3.83).
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Characteristics of the participants

Table 1

Age (year) mean # SD

Sex; male (female)
Education
Postgraduate
Bachelor

Diploma

High school
Junior high school
Elementary school
Drop out of elementary school
Religion

Islam

Christian

Others
Occupation

Civil servant
Private business
Housewife

Retired

No regular job
Self-Construal Scale (SCS) for Indonesians
SCS independent

SCS interdependent

BIS
BAS Drive + Fun seeking

BAS Reward responsiveness

Genotype SLC6A4 @

LL

LS

SS

Relative telomere length to control

- AACt

Control (n=101)
42.61 *

33

24

20

19
27

93

14
11
25

49

5.58 +
4.20 *

11.54 +
13.28 +
17.81 *
21
36
43
0.00 *

12.23

(68)

4%)
24%)
4%)

(

(

(
(20%)
(19%)
(27%)
(3%)
(92%)
(4%)
(4%)

14%)

11%)

(

(
(25%)
(2%)
(

49%)

0.85
1.13

Behavioral Inhibition System (BIS) / Behavioral Activation System (BAS) for Indonesians

2.76
2.15
2.39

(21%)
(36%)
(43%)

3.83

Case (n=97)
45.98 *

46

26

37

16
10

88

10
39
25

14

5.09 +
4.34 +

10.99

I+

11.09

I+

14.13 +

10
39
42

-2.26 *

13.39

(83)

(2%)
(26%)
(7%)
(37%)
(16%)
(10%)
(1%)

(89%)
(9%)
(2%)

(11%)
(41%)
(26%)
(7%)

(15%)

0.63
0.91

3.18
2.70
3.75

(11%)
(43%)
(46%)

4.55

NS

NS
0.011

NS

0.003

<0.0001
NS

NS
<0.0001
<0.0001
NS

<0.0001

@ Serotonin-transporter-linked polymorphic region (5-HTTLPR) in the promoter of SLC6A4 (solute carrier family 6 member 4). L, long allele; S, short allele.

The independent self-construal scale was correlated with relative telomere length when both the case and control groups were combined (p = 0.20, P =
0.0056). However, when the case and control groups were analyzed separately, neither the independent self-construal scale nor the interdependent self-
construal scale showed any correlation (Fig. 1). When the case and control groups were combined, BIS (p = 0.26, P = 0.0003), BAS Drive and Fun Seeking (p =
0.23, P=0.0013), and BAS Reward Responsiveness (p = 0.31, P< 0.0001) were correlated with telomere length. However, when the groups were analyzed
separately, the case group showed correlations between telomere length and BIS (p = 0.30, P = 0.0030), BAS Drive and Fun Seeking (p =0.25, P=0.0127), and
BAS Reward Responsiveness (p = 0.35, P = 0.0004), whereas in the control group, only BIS was correlated with telomere length (p = 0.22, P = 0.0333) (Fig. 2).

Table 2 shows association between treatment and the relative telomere length. Within the case group, the majority of the case group were prescribed for
dual therapy and displayed the shorter telomere length than a group with no medicinal treatment (P = 0.004). In addition, the case treated with Clobazam
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showed significantly shorter telomere length than the group with no medicinal treatment (P = 0.04); it should be noted that 13 out of 15 patients who were
treated with Clobazam were assigned to dual therapy. Although not shown in the figure, the duration of being diagnosed as depression was not associated
with the relative telomere length in the case (p = 0.14, NS).

Table 2
Antidepressant drug prescription and the relative telomere length
Classification of drugs Case (n=
97)
ATC code  ATC pharmacological ATC chemical subgroup N (%) Relative telomere P
subgroup length
(-AACH)
Prescribed drugs
None - - - 8 (8%) 1.76 + 0.35 referent
Fluoxetine NO6AB03  ANTIDEPRESSANTS Selective serotonin reuptake 72 (74%) -2.56 * 4.50 NS
inhibitors
Alprazolam NO5BA12  ANXIOLYTICS Benzodiazepine derivatives 49  (51%) -2.61 + 478 NS
Clobazam NOSBAQ9  ANXIOLYTICS Benzodiazepine derivatives 15 (15%) -3.98 + 4.33 0.039
Risperidone NOSAX08  ANTIPSYCHOTICS Other antipsychotics 9 (9%) -2.64 + 2.84 NS
Olanzapine NO5AHO03  ANTIPSYCHOTICS Diazepines, oxazepines, thiazepines 7 (7%) 0.21 + 377 NS
and oxepines
Trihexyphenidyl ~ NO4AAO1  ANTICHOLINERGIC Tertiary amines 7 (7%) -1.60 + 37 NS
AGENTS
Number of prescriptions
None 8 (8%) 1.76 + 0.35 referent
1 9 (9%) 0.21 + 2.79 NS
2 60 (62%) -3.65 + 477 <0.001
=3 20 (21%) -0.44 + 2.86 NS

Table 3 compares the four models to identify the factors associated with the occurrence of depression. Across all the models, age, higher education and
employment in the private sector were linked to an increased risk of depression. Additionally, independent and interdependent self-construal as well as BIS
and BAS Reward Responsiveness were predictors of depression. The effect of telomere length was observed in Models 1 and 3, but disappeared in Models 2
and 4. The best model with the lowest AIC was Model 2, which included demographic, socioeconomic, cultural, and psychological variables but not genetic
ones.
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Table 3

Predictors of depression in 4 generalized linear models (logistic regression analyses)

Variables

Relative
telomere
length

Age (years)
Sex (female =
Education:
High

Education:
Middle

Occupation:
Public Sector

Occupation:
Private Sector

Independent
Self-construal
Self-construal
BIS

BAS Drive +
Fun

BAS Reward
SLC6A4: LS
SLC6A4: LL
(Intercept)

McFadden
pseudo R?

AlC?

Interdependent

Model 1

OR

0.88

1.04

1.06

6.69

8.28

0.97

6.69

0.01

95%ClI
2.5-97.5%
0.80 0.96
1.02 1.07
0.50 2.23
1.99 24.64
297 26.02
0.30 3.09
277 17.78
0.00 0.09

@ Akaike Information Criterion

0.0043

0.0027
NS
0.0028

0.0001

NS

<
0.0001

<
0.0001
0.202

212.07

Model 2

OR

0.93

1.04

1.64

8.11

12.23

0.87

0.27

2.08

1.24
0.95

0.70

17.16

95%ClI P
2.5-97.5%
0.83 1.04 NS
1.00 1.08 0.0316
0.63 4.45 NS
1.68 46.27 0.0125
3.25 55.51 0.0005
0.20 3.71 NS
1.72  16.82 0.0045
0.12 0.56 0.0008
1.25 3.60 0.0061
1.04 1.51 0.0222
0.71  1.26 NS
0.55 0.87 0.0017
0.29 127220 NS
0.429
166.15

Model 3
OR 95%Cl
2.5-97.5%
0.86 078 0.94
1.04 1.01 1.07
1.07 050 227
6.14 1.81 22.82
794 282 25.19
090 0.27 292
6.56 269 17.54
0.85 0.40 1.81
0.38 0.12 1.10
0.02 0.00 0.13

0.0017

0.0039

NS

0.0048

0.0002

NS

A

0.0001

NS
NS

<
0.0001
0.215

212.84

Model 4

OR

0.91

1.04

1.65

7.72

12.05

0.79

5.01

0.27

1.98

1.23
0.98

0.69
1.03
0.42
23.86

95%Cl
2.5-97.5%
0.81 1.02
1.00 1.08
0.61 4.60
1.56  44.86
3.17 55.72
017 3.47
1.66 16.75
0.12 0.55
1.19  3.44
1.04 1.50
0.74 1.31
0.55 0.86
0.40 267
0.10 1.53
0.36 2032.30

Table 4 shows four models for detecting factors of the telomere length. Interestingly, known factors for the depression (i.e., age, sex, socioeconomic status,
and cultural psychological scales) were not detected in these models (except for BIS in Model 2). Inversely, the LL genotype of the SLC6A4 was the
significant factor for Models 3 and 4. Depression (the case) was a significant factor in Models 1 and 3, while the best model was Model 4. When the Model 4
(excluding the variable “case”) was run separately for the case and the control, the LL genotype was the only significant factor in the case group (P = 0.00342,

model adjusted R? = 0.1316), and no appropriate model was found for the control group. When dual therapy or the use of clobazam was included in the

model for the case, the use of these medicine as well as the LL genotypes were the only significant variables (Table 5).
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Table 4

Predictors of relative telomere length in 4 general linear models

Variables Model 1
B

Depression (Case =1) -2.07
Age (years) 0.00
Sex (female = 1) -0.62
Education: High -0.02
Education: Middle 0.51
Occupation: Public Sector 0.02
Occupation: Private Sector 0.22

Independent Self-construal
Interdependent Self-construal

BIS

BAS Drive + Fun

BAS Reward

SLC6A4: LS

SLC6A4: LL

(Intercept) 0.49

Adjusted R?
P

AlC®

@ Akaike Information Criterion

SE

0.70
0.03
0.69
1.05
0.88

0.81

1.60
0.030
0.095
1019.11

P
0.003
NS
NS
NS
NS
NS
NS

NS

Model 2
B SE
-0.97 0.82
0.01 0.02
-0.94 0.69
0.19 1.04
0.25 0.87
-0.03 1.08
0.29 0.80
0.47 0.49
-0.21  0.35
0.24 0.12
-0.14  0.21
0.26 0.16
-6.67 294
0.087
0.007
1013.02

Model 3
P B
NS -2.24
NS 0.00
NS -0.57
NS -0.15
NS 0.39
NS -0.22
NS 0.17
NS
NS
0.050
NS
NS

-0.23

-2.80
0.025 1.40

SE

0.68
0.03
0.68
1.03
0.86
1.08
0.79

0.66
0.88
1.60
0.078

0.007
1012.02

P
0.001
NS
NS
NS
NS
NS
NS

NS
0.002
NS

Model 4

B
-1.22
0.01
-0.82
0.07
0.13
-0.25
0.32
0.21
-0.28
0.23
-0.03
0.22
-0.35
-2.88
-4.71

SE
0.80
0.02
0.67
1.01
0.85
1.05
0.78
0.48
0.34
0.12
0.20
0.16
0.65
0.88
2.94
0.135

0.0005
1005.25

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.001
NS
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Table 5
Predictors of relative telomere length within the case group

Variables B SE P

Age (years) 0.020 0.037 NS
Sex (female =1) -0.100  1.045 NS
Education: High -0.623  1.724 NS
Education: Middle -0.069  1.588 NS
Occupation: Public Sector 2266  1.761 NS
Occupation: Private Sector 0.515 1.105 NS
Independent Self-construal 0.341 0.897 NS

Interdependent Self-construal  -0.562  0.547 NS

BIS 0.017 0.228 NS
BAS Drive + Fun -0.002 0.326 NS
BAS Reward 0.310  0.238 NS
SLC6A4: LS -0.252  0.983 NS
SLC6A4: LL -3.562  1.633 0.033

Dual therapy or Clobazam use -2.724  0.995 0.008

(Intercept) -4.467 4.874 NS
Adjusted R? 0.160

P 0.02

AIG @ 468.48

@ Akaike Information Criterion

Figure 3 shows the relative telomere length, broken down by genotype and case/control status, after adjusting for age, sex, education, occupation, and
cultural psychological scales in an ANCOVA model. The results of the ANCOVA indicated that telomere length was the shortest in Case LL, followed by Case
LS and Case SS. This was followed by the Control LL, Control LS, and Control SS, which had the longest telomere length. Tukey’s HSD test revealed that Case
LL had a significantly shorter telomere length relative to all of the other groups.

DISCUSSION

The key findings of this study are as follows: patients diagnosed with depression and undergoing treatment at a hospital in South Sulawesi, Indonesia
exhibited apparently shorter telomere lengths than healthy citizens in the same location. This significant difference persisted even after adjusting for age,
sex, and socioeconomic status, although it was not significant in models that included cultural, psychological, and/or genetic factors. While socioeconomic
and psychological factors, as suggested by previous studies ', remained influential on depression even after considering telomere length, the factors
influencing telomere length were completely different. Specifically, polymorphisms in the serotonin transporter gene (SLC6A4) were associated with telomere
length but not with depression or related factors. Notably, patients with long SLC6A4 homozygotes had the shortest telomeres.

The association between telomere length and depression should be interpreted carefully because of the variety of factors and complexity of their
relationships. Telomere length can change with age and sex because of its biological nature 2% however, this study controlled for these major confounding
factors by ensuring similar age and sex compositions in both the case and control groups. Additionally, this study found an association between psychiatric
treatment (i.e., the use of clobazam or polypharmacy) and shortened telomere length, although it was difficult to establish causal relationships. Dual therapy
was often prescribed when monotherapy failed to mitigate symptoms, while clobazam was used as an anxiolytic for severe symptoms. There are both
possibilities that the treatment itself shortened the telomere length directly and that the effects of medicines within the case group might have indirectly
reflected the severity of patients’ conditions; further studies are necessary to identify its causal relationships. Even though the treatments directly affected
telomere length, they did not affect the variables detected from the general linear models.

The important outcome of this study was the distinction between the risk factors for depression and telomere length. A meta-analysis of 38 studies (n =
34,347) on telomere length and depression showed a significant association, but the results of individual studies varied 2'. According to a GWAS, polygenic

risk scores (PRS) for depression and telomere length showed very weak similarities °. This study supports those previous studies, as telomere length, but not
depression, was associated with the SLC6A4 genotype, particularly in patients with depression.

The short allele of SLC6A4 has been recognized as a risk factor for depression in European populations ”. Interestingly, the long allele is associated with
anxiety and reduced connectivity between the prefrontal cortex and amygdala in Han Chinese '*. A previous study suggested that this difference is due to

Page 9/12



societal organization: individualism in the former and collectivism in the latter, possibly because genotype and cultural collectivism co-evolved '°. Given that
Indonesia, particularly the traditional society of South Sulawesi, is usually recognized as collectivistic, it is reasonable to assume that the long (LL) type
became susceptible to stressors.

However, this study did not directly measure the stressors experienced by each participant. Further research is necessary to identify the stress factors that
interact with SLC6A4, which leads to shortened telomere length and causal relationships with depression. Nonetheless, the study found that while telomere
length was apparently associated with depression, its shortening was strongly determined by genetic factors rather than by environmental or cultural factors
or depression itself in Indonesia. These findings provide new and important insights into the complex mechanisms related to cellular aging and mental
disorders, and suggest the existence of mechanisms that vary among different ethnic groups. Future global research on telomere length and depression
should carefully consider the influences of genetics, culture, and socioeconomics. Furthermore, the findings of this study could make a significant
contribution to public health strategies in Indonesia, where an aging society is accompanied by an increase in mental health disorders.

CONCLUSIONS

A case-control study conducted in Indonesia revealed that (1) the telomere length was shortened in patients with depression; (2) the factors for telomere
length were the LL genotype of the SLC6A4 — a polymorphism at the serotonin transport gene and not those for depression (i.e., socioeconomic and cultural
psychological factors); (3) the LL genotype of depression patients was associated with a significantly shorter telomere length in comparison to all other
groups. Genetic and cultural factors that vary among ethnic groups influence the relationship between telomere length and depression, which has
implications for addressing cellular aging in aging societies and mental health disorders amid rapid social changes.
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Figure 1

Relationship between relative telomere length and independent or interdependent self-construal scales
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Figure 2

Relationship between relative telomere length and behavioral inhibition system (BIS) / behavioral activation system (BAS). Solid and dotted lines represent
significant correlations in either case or control group.
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Figure 3

Relative telomere length broken down by SLC6A4genotype and the case/control group after adjusting for age, sex, education, occupation, self-construal
scales, and BIS/BAS, with significant differences elucidated from an ANCOVA followed by Tukey’s HSD test.
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