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Abstract
Background: Methamphetamine (MA) is one of the most common drugs of abuse in Thailand.
MA use may cause neurotoxicity, immune-inflammatory and oxidative stress responses and,
consequently, MA-induced psychosis (MIP).
Aims: This study aims to examine the effects of MA use and dependence and MA withdrawal
symptoms on the telomere to single copy gene (T/S) ratio and whether shortening of the latter is
associated with MIP.
Methods: This study included 185 MA-abuse, 118 MA-dependent, and 67 MIP patients,
diagnosed using DSM-IV-TR criteria. The Semi-structured Assessment for Drug Dependence
and Alcoholism (SSADDA) questionnaire was employed to collect clinical and MA-related data.
MIP was confirmed using the Methamphetamine Experience Questionnaire (MEQ). The
leukocyte telomere length was measured in all participants using real-time polymerase chain
reaction measuring the Telomere/Single gene ratio (T/S ratio).
Results: There were no significant associations between the T/S ratio and severity of MA-use,
MIP, MA withdrawal symptoms including depression and psychomotor retardation. MIP was
significantly predicted by alcohol dependence, antisocial personality disorder, and MA-use
severity. There were significant and positive associations between the T/S ratio and previous
traumatic events and life-threatening accidents. The T/S ratio was not affected by comorbid
alcohol and nicotine dependence. Alcohol and nicotine dependence, antisocial personality, and
severity of MA use increased risk of MA withdrawal symptoms.
Conclusion: MIP and MA-use severity do not affect leukocyte telomere length, but telomere
length may be affected by previous traumatic events and life-threatening accidents.
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Introduction
Methamphetamine (MA) is one of the most commonly used drugs in Southeast Asia.
According to Thai epidemiological data, there is an epidemic of MA use since 2009 and
approximately 80 percent of drug users uses MA as their primary drug of abuse (1). MA use can
lead to several medical and psychiatric conditions such as increased risk of HIV transmission
through shared needles

(2, 3)

, cardiovascular disease

impairment in long-term users

(4)

, psychosis

(5, 6)

depression and cognitive

(6, 7)

. Recently, we discovered that use of MA may induce a

specific pattern in long interspersed nuclear element-1 (LINE-1) methylation

(8)

, namely higher

percentage of mCuC and lower percentage of uCmC compared to controls. Moreover, previous
studies showed that aberrations in LINE-1 methylation are accompanied by shortening of
telomere length (9, 10).
Telomere is the structure at the tip of chromosome which functions as a DNA stabiliser
(11, 12)

. In humans, telomere shortening may be induced in conditions of systemic inflammation,

chronic oxidative stress, and DNA damage (13-15). Moreover, telomere shortening is also found in
physical diseases related to aging such as several types of cancer
and vascular dementia
disorder

, degenerative diseases

(18)

; and psychiatric disorders, including schizophrenia

(21, 22)

, major depressive disorder

childhood maltreatment

(16)

(23-25)

, anxiety disorders

(26, 27)

(19, 20)

(17)

, bipolar

, life stress

(28)

and

. In substance abuse, it was found that telomere shortening is

(29)

significantly associated with cigarette smoking (30-36) and weakly with alcohol abuse (37, 38).
In humans, MA use induces a specific LINE-1 partial methylation profile and this process
may participate in the pathophysiology of MA-induced psychosis (MIP)

. Moreover, animal

(39)

and cell line models show that MA can induce neurotoxicity by increasing the levels of
proinflammatory biomarkers such as interleukin-6 (IL-6)

(40, 41)

, IL-8

(41)

and tumor necrosis
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factor (TNF)-α (40, 42). In humans, some of these cytokines, namely IL-6 and TNF-α, may be
associated with telomere shortening (43). By inference, it may be hypothesized that MA use could
be associated with telomere shortening through effects on LINE-1 methylation, and
inflammatory and oxidative stress pathways

(39)

. There is only one study which reported the

effects of drugs of abuse on telomere length with abuse of diazepam and heroin significantly
shortening telomere length in peripheral leukocyte

(44)

. However, this study did not examine

possible associations between MA use, telomere length and MIP or comorbidities with other
drugs of abuse.
Hence, the aims of the current study are to examine a) whether telomere length in
peripheral leukocytes is increased in patients with MIP and MA use; and b) whether life stressors
are accompanied by a shortened telomere length.

Patients and Methods
Participants
Subjects and measures have been described in previous study

(45)

. In brief, we recruited

370 participants of Thai nationality, aged 18-65 years old of both genders. All participants were
hospitalized in the Princess Mother National Institute on Drug Abuse Treatment in Thailand for
treatment of MA-related problems due to government regulations for drug using individuals. We
included only individuals who used MA more than 10 times in their lifetime. Participants were
categorized by DSM IV-TR criteria into MA dependence and abuse. The exclusion criteria for
both groups were other axis 1 diagnosis including schizophrenia, bipolar disorder, obsessive
compulsive disorder, and psycho-organic disorders, neurological diseases including stroke,
Parkinson’s disease, multiple sclerosis, brain injury, epilepsy, or dementia. The study procedure
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was approved by the Human Ethics Committee of Faculty of Medicine, Chulalongkorn
University (Grant number RA 58/069). Written informed consent was obtained from all
participants.

Measurements
Data were obtained using the Thai version of Semi-structured Assessment for Drug
Dependence and Alcoholism (SSADDA) questionnaire based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) (46). The interviews were conducted by
trained clinical psychologists certified to carry out the SSADDA interview. The diagnosis of
MA-induced psychosis (MIP) was corroborated by using the Thai version of the
Methamphetamine Experience Questionnaire (MEQ). This scale has been used in a previous MA
study (45) and shows adequate internal consistency validity ( = 0.87).
Based on the MA use features we have computed a total severity index using a z unit
weighted composite score of z transformations of duration of illness + number of episodes +
daily number of pills + number of days per month of MA use.

Leukocyte Telomere length measurement
Peripheral blood samples were drawn from all participants for extracting DNA in EDTA
tubes and, consequently, sent to the Center for Excellence in Molecular Genetics of Cancer and
Human Diseases, Faculty of Medicine, Chulalongkorn University. Genomic DNA was directly
extracted from blood samples by standard procedures and kept at -20 ºC storage. DNA (4 ng)
was processed in triplicates in quantitative real time polymerase chain reaction (PCR) both for
telomere (Tel) and single-copy gene (hemoglobin-β, Hgb). PCR was done in Microamp Fast

6

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0632.v1

Optical 96-well reaction plate using power SYBR GREEN Master PCR Mix© (Invitrogen)
according to the manufacturer’s instruction. The primers for telomere PCR were Tel1 (5’GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGA GGGT-3’) and Tel2 (5’-TCCCGAC
TATCCCTATCCCTATCCCTATCCCTATCCCTA-3’) while the primers for Hgb PCR were
Hgb1

(5’-GCTTCTGACACAAC

TGTGTTCACTAGC-3’)

and

Hgb2

(5’-

CACCAACTTCATCCAC GTTCACC-3’). The applied condition for PCR was based on
procedure by Martinsson et al

(47)

. The relative gene expression was calculated by using

comparative 2-△△Ct method, which △△Ct = △Ctsample - △Ctcalibrator and △Ctsample = △CtTel △CtHgb. DNA from MA-dependent and MA-abuse participants were assayed in the same plate.
Inter-plate calibration was conducted by average of three control sample. Telomere length in
leukocyte was calculated using T/S (telomere/single-copy gene) ratio.

Statistical analysis
We used analysis of variance (ANOVA) to assess differences in continuous variables
between diagnostic groups and analysis of contingency tables (χ2-tests) to assess associations
between two sets of categorical variables. Multiple regression analysis was employed to assess
the most significant input variables predicting the T/S ratio, including sex, age, alcohol and
nicotine dependence, severity of MA dependence and traumatic events and life-threatening
accidents in the past. Regression analysis were checked for multicollinearity using VIF and
tolerance. We employed binary logistic regression analysis to examine the predictors of MIP or
withdrawal symptoms as dependent groups (no MIP or withdrawal as reference groups) and with
T/S ratio, alcohol and nicotine dependence, MA severity and antisocial personality as
explanatory variables. The T/S ratio was processed in Ln transformation.
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Results
Table 1 shows the socio-demographic, clinical and T/S ratio data in patients with MA
abuse, MA dependence and MIP. There were no significant differences in age, sex, and marital
status. The T/S ratio was not significantly different between these three groups. The frequencies
of unemployment and antisocial personality were significantly different between the three groups
and increased from MA abuse to MA dependence and MIP. All MA-associated features (except
age at onset and duration of MA use) were significantly higher in patients with MA dependence
and MIP than in patients with MA abuse, including tolerance, withdrawal, episodes of heavy use,
number of pills per day and days per month of use, severity of dependence and withdrawal,
withdrawal symptoms such as depression, agitation, psychomotor retardation and nicotine
dependence. In addition, severity of dependence and withdrawal, withdrawal with depressive and
agitation symptoms, and alcohol dependence were significantly higher in MIP than in MA abuse
patients.
In order to examine the MA-associated predictors of the T/S ratio, we performed multiple
regression analyses with the T/S ratio as dependent variable and age, sex, and MA-associated
data as explanatory variables. However, not one of the latter variables was a significant predictor
of the T/S ratio. Table 2 shows that the T/S ratio was positively associated with past traumatic
events (regression #1) and life-threatening accidents (regression #2). These effects remained
significant after adjusting (forced entry) for MA-associated features (regression #3).
In order to examine whether the T/S ratio may predict MIP, we performed binary logistic
regression analysis with MIP as dependent variable and no MIP as reference group with the T/S
ratio and the MA-associated features as explanatory variables. Table 3, regression #1 shows that
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the T/S ratio was not significant in predicting MIP. The latter was significantly predicted by
alcohol dependence, antisocial personality, and the MA-severity index and even after allowing
for these effects the T/S ratio was not significant in this regression.
Finally, we have examined whether the T/S ratio is associated with withdrawal symptoms
and, therefore, we have carried out binary logistic regression analysis with withdrawal symptoms
as dependent variable and MA-associated features and antisocial personality as explanatory
variables (see Table 4). The T/S ratio did not significantly predict withdrawal symptoms.
Nevertheless, withdrawal was significantly associated with alcohol and nicotine dependence,
antisocial personality disorder, and the MA-severity index (regression #1). Withdrawal either
with depressed mood, agitation or psychomotor retardation (regressions #2-#4) was associated
with nicotine dependence and MA-severity index, but the T/S ratio was not significant in these
regressions.

Discussion
The first major finding of this study is that there was no significant difference in T/S ratio
between patients with and without MIP. To the best of our knowledge, our study is the first to
examine the relationship between T/S ratio and psychosis induced by MA. There were some
early reports which showed shortening telomeres in schizophrenia

(19, 20)

but more recent studies

found evidence of longer telomeres in this condition when compared to controls (48, 49). Maurya et
al. (2018)

(48)

studied the T/S ratio in 173 patients with schizophrenia as compared with healthy

controls and they found that schizophrenia patients had a significantly higher T/S ratio than the
control group. Moreover, non-remitted schizophrenia patients also showed a higher T/S ratio as
compared to remitted individuals. Zhang et al (2018)

(49)

investigated 1241 patients with
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schizophrenia compared to healthy controls and reported the similarly longer telomere length in
patients with schizophrenia relative to control group. They also found higher T/S ratio in elderly
and long-term hospitalized patients compared to younger outpatients with short-term
hospitalization. These results reflect the inconsistent association between telomere length and
psychosis and the mechanism of longer telomeres in this group remains unclear.
MIP is regarded as a model of psychotic symptoms in schizophrenia

(39)

. One of

mechanisms underpinning both MIP and schizophrenia is a dysfunction in LINE-1 partial
methylation and this pattern is even more expressed in paranoid schizophrenia than in MIP

(8)

.

Our a priori hypothesis was to find an altered T/S ratio in MIP because LINE-1 methylation,
which may cause telomere shortening, is associated with MIP

(39)

. Changes in LINE1

methylation predicts changes in the T/S ratio in several diseases including diabetes mellitus
biliary atresia

(9)

and dyskeratosis congenita

(10)

,

(50)

. Furthermore, LINE-1 plays a role in genomic

stability and is affected by severe oxidative stress and increased levels of IL-6 (40, 41), IL-8 (41) and
TNF-α, which are associated with MA abuse (40, 42) and shortening telomeres

(43)

. Nevertheless,

our negative result can be explained by several factors. Firstly, MIP is a temporary stage of
paranoia which is induced by drugs, and therefore, it may not always be an adequate model for
chronic schizophrenia. Secondly, in spite of the findings that oxidative stress may shorten
telomeres, a cumulative inflammatory load appears to be indispensable. O’Donovan et al (2011)
(43)

investigated systemic inflammatory biomarkers and telomere length in 1,962 high-

functioning elderly and found that only the combination of increased level of IL-6 and TNF-α,
TNF-α and c-Reactive Protein (CRP) and IL-6, TNF-α and CRP are related with shortening
telomere lengths as compared to those with high levels of IL-6, TNF-α or CRP alone. Thirdly,
the age of the patients included in our study may be another factor explaining the negative results.
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and inflammatory or degenerative

while the average age of our sample was 26 years and patients were

excluded for medical diseases.
Interestingly, we found a significant positive correlation with small effect size between
T/S ratio with history of traumatic events and life-threatening accidents after controlling for MAassociated variables. Previous studies on stress and psychological trauma showed shortening
telomeres especially in individuals with childhood trauma (28, 29, 52). In an animal model, Beery et
al. (2012)

(53)

found that the activity of telomerase, the enzyme that lengthens telomeres, was

significantly increased (by 54%) in stressed rats than in controls. Similarly, in a prospective
experimental study in humans, Epel et al. (2010)

(54)

reported increased telomerase activity with

greater cortisol level in response to stressors. Jimenez et al. (2018)

(55)

found a positive

correlation between T/S ratio and sexual abuse scores in depressive individuals in Latin America.
Additionally, Boks et al (2015)

(56)

investigated soldiers in combat zone and found positive

correlations between post-traumatic stress disorder (PTSD) symptoms and lengthening of
telomeres. Further longitudinal studies with different stressors are required to test this
hypothesis.
Another finding of our study is that different assessments of the severity of MA abuse
and other drugs of dependence are not associated with T/S ratio. These findings extend those of a
previous report by Yang et al. (2013)

(44)

who compared leukocyte telomere length in 415 drug

abusers and 499 normal controls. They reported shortening telomeres only in individuals who
use depressant drugs but not in individuals who use stimulants, including 168 MA users. A
recent systematic review and meta-analysis by Navarro-Mateu et al. (2020)

(57)

showed that
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individuals with substance use disorder appear to have a shorter telomere length than controls,
but most studies examined alcohol users.
The current study also showed some interesting results on the features of MIP. Firstly,
MIP was predicted by alcohol dependence, MA dependency severity, and antisocial personality.
There are studies indicating that polydrug use increases risk of substance-induced psychosis

(58,

59)

. Specifically, using alcohol combined with MA can produce more stimulating effects than

using either drug alone

(60)

and frequent alcohol use was found to increase the risk of psychosis

in MA users (61). Other studies showed that MIP is associated with the severity of MA use (59, 61-63)
and antisocial personality (63), whilst the latter can be associated with long-term use of MA which
may increase risk of psychosis (64).
Secondly, we found that MA withdrawal symptoms are associated with alcohol and
nicotine dependence, antisocial personality and MA severity. A study by McGregor et al. (2005)
(65)

found that duration of MA use and the number of DSM-IV dependence criteria (which

reflects MA severity in our study) were predictors of MA withdrawal severity. Antisocial
personality may be related with withdrawal symptoms because it increases the risk of long-term
MA use

(64)

. Alcohol or nicotine use are very common in Thai individuals with heavy MA use

increasing the risk of withdrawal symptoms when they stop using MA (66, 67).

Limitations
To date, our study is the first to investigate the effect of MIP and severity of MA use, as
well as its associated features, on human leukocyte telomeres. Nevertheless, there are some
limitations of our study that need discussion. Firstly, this is a cross-sectional study and, therefore,
it is always possible that the T/S ratio would change at a later point in time. Secondly, our study
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included only inpatient users and, therefore, the results cannot be generalized to outpatient MA
users or users in the community who are likely to have a less severe MA use.

Conclusions.
MIP and MA-use severity do not affect telomere length of leukocytes, but telomere
length is affected by previous traumatic events and life-threatening accidents.

Acknowledgments
We would like to thank Prof. Apiwat Mutirangura and Mr. Prakasit Rattanatunyong for
facilitating and assisting our laboratory work and for consultation of T/S ratio analyses. We also
acknowledge Prof. Robert T. Malison and Prof. Joel Gelernter for valuable input during sample
recruitment, and Mr. Wutichai Hasook and staff at Princess Mother National Institute on Drug
Abuse Treatment for data collection.

Conflict of interest
The authors have no conflict of interest with any commercial or other association in
connection with the submitted article.

Author's contributions
All the contributing authors have participated in the preparation of the manuscript.

Funding

13

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0632.v1

The study was supported by Chulalongkorn University (Ratchadapiseksompotch Fund,
Budget Year 2015) and US–Thai training grant (D43 TW006166; J.G. & R.T.M.) co‐funded by
the Fogarty International Center (FIC) and National Institute on Drug Abuse (NIDA) and
National Human Genome Research Institute (NHGRI), as well as a NIDA career award (K24
017899; R.T.M.).

14

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0632.v1

References
1.

UNODC. Amphetamines and Ecstasy : 2011 Global ATS Assessment. Austria; 2011.

2.

Parsons JT, Kowalczyk WJ, Botsko M, Tomassilli J, Golub SA. Aggregate versus day level

association between methamphetamine use and HIV medication non-adherence among gay and bisexual
men. AIDS and behavior. 2013;17(4):1478-87.
3.

Montoya JL, Umlauf A, Abramson I, Badiee J, Woods SP, Atkinson JH, et al. Dynamic indices

of methamphetamine dependence and HIV infection predict fluctuations in affective distress: a five-year
longitudinal analysis. J Affect Disord. 2013;151(2):728-37.
4.

Kaye S, McKetin R, Duflou J, Darke S. Methamphetamine and cardiovascular pathology: a

review of the evidence. Addiction. 2007;102(8):1204-11.
5.

Grelotti DJ, Kanayama G, Pope HG. Remission of persistent methamphetamine-induced

psychosis after electroconvulsive therapy: presentation of a case and review of the literature. American
Journal of Psychiatry. 2010;167(1):17-23.
6.

Cruickshank CC, Dyer KR. A review of the clinical pharmacology of methamphetamine.

Addiction. 2009;104(7):1085-99.
7.

Scott JC, Woods SP, Matt GE, Meyer RA, Heaton RK, Atkinson JH, et al. Neurocognitive effects

of methamphetamine: a critical review and meta-analysis. Neuropsychology review. 2007;17(3):275-97.
8.

Kalayasiri

R,

Kraijak

K,

Mutirangura

A,

Maes

M.

Paranoid

schizophrenia

and

methamphetamine-induced paranoia are both characterized by a similar LINE-1 partial methylation
profile, which is more pronounced in paranoid schizophrenia. Schizophrenia research. 2019;208:221-7.
9.

Udomsinprasert W, Kitkumthorn N, Mutirangura A, Chongsrisawat V, Poovorawan Y,

Honsawek S. Global methylation, oxidative stress, and relative telomere length in biliary atresia patients.
Scientific reports. 2016;6:26969.
10.

Wu Y, Cui W, Zhang D, Wu W, Yang Z. The shortening of leukocyte telomere length relates to

DNA hypermethylation of LINE-1 in type 2 diabetes mellitus. Oncotarget. 2017;8(43):73964.

15

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

11.

doi:10.20944/preprints202103.0632.v1

Moyzis RK, Buckingham JM, Cram LS, Dani M, Deaven LL, Jones MD, et al. A highly

conserved repetitive DNA sequence,(TTAGGG) n, present at the telomeres of human chromosomes.
Proceedings of the National Academy of Sciences. 1988;85(18):6622-6.
12.

Blackburn EH. Telomeres and telomerase: their mechanisms of action and the effects of altering

their functions. Febs Letters. 2005;579(4):859-62.
13.

Aubert G, Lansdorp PM. Telomeres and aging. Physiological reviews. 2008;88(2):557-79.

14.

Oeseburg H, de Boer RA, van Gilst WH, van der Harst P. Telomere biology in healthy aging and

disease. Pflügers Archiv-European Journal of Physiology. 2010;459(2):259-68.
15.

Houben JM, Moonen HJ, van Schooten FJ, Hageman GJ. Telomere length assessment: biomarker

of chronic oxidative stress? Free Radical Biology and Medicine. 2008;44(3):235-46.
16.

Wentzensen IM, Mirabello L, Pfeiffer RM, Savage SA. The association of telomere length and

cancer: a meta-analysis. Cancer Epidemiology Biomarkers & Prevention. 2011;20(6):1238-50.
17.

Sanders JL, Fitzpatrick AL, Boudreau RM, Arnold AM, Aviv A, Kimura M, et al. Leukocyte

telomere length is associated with noninvasively measured age-related disease: the Cardiovascular Health
Study. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences. 2012;67(4):40916.
18.

Von Zglinicki T, Serra V, Lorenz M, Gabriele Saretzki RL-G, bgr. Short telomeres in patients

with vascular dementia: an indicator of low antioxidative capacity and a possible risk factor? Laboratory
investigation. 2000;80(11):1739-47.
19.

Kao H, Cawthon R, Delisi L, Bertisch H, Ji F, Gordon D, et al. Rapid telomere erosion in

schizophrenia. Molecular psychiatry. 2008;13(2):118-9.
20.

Porton B, DeLisi LE, Bertisch HC, Ji F, Gordon D, Li P, et al. Telomerase levels in schizophrenia:

a preliminary study. Schizophrenia research. 2008;106(2):242-7.
21.

Lima IMM, Barros A, Rosa DV, Albuquerque M, Malloy-Diniz L, Neves FS, et al. Analysis of

telomere attrition in bipolar disorder. Journal of Affective Disorders. 2014.

16

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

22.

doi:10.20944/preprints202103.0632.v1

Elvsåshagen T, Vera E, Bøen E, Bratlie J, Andreassen OA, Josefsen D, et al. The load of short

telomeres is increased and associated with lifetime number of depressive episodes in bipolar II disorder.
Journal of affective disorders. 2011;135(1):43-50.
23.

Hartmann N, Boehner M, Groenen F, Kalb R. Telomere length of patients with major depression

is shortened but independent from therapy and severity of the disease. Depression and anxiety.
2010;27(12):1111-6.
24.

Simon NM, Smoller JW, McNamara KL, Maser RS, Zalta AK, Pollack MH, et al. Telomere

shortening and mood disorders: preliminary support for a chronic stress model of accelerated aging.
Biological psychiatry. 2006;60(5):432-5.
25.

Wikgren M, Maripuu M, Karlsson T, Nordfjäll K, Bergdahl J, Hultdin J, et al. Short telomeres in

depression and the general population are associated with a hypocortisolemic state. Biological psychiatry.
2012;71(4):294-300.
26.

Hoen P, Rosmalen J, Schoevers R, Huzen J, van der Harst P, de Jonge P. Association between

anxiety but not depressive disorders and leukocyte telomere length after 2 years of follow-up in a
population-based sample. Psychological medicine. 2013;43(04):689-97.
27.

Okereke OI, Prescott J, Wong JY, Han J, Rexrode KM, De Vivo I. High phobic anxiety is related

to lower leukocyte telomere length in women. PloS one. 2012;7(7):e40516.
28.

Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, et al. Accelerated telomere

shortening in response to life stress. Proceedings of the National Academy of Sciences of the United
States of America. 2004;101(49):17312-5.
29.

Tyrka AR, Price LH, Kao H-T, Porton B, Marsella SA, Carpenter LL. Childhood maltreatment

and telomere shortening: preliminary support for an effect of early stress on cellular aging. Biological
psychiatry. 2010;67(6):531-4.
30.

Valdes A, Andrew T, Gardner J, Kimura M, Oelsner E, Cherkas L, et al. Obesity, cigarette

smoking, and telomere length in women. The Lancet. 2005;366(9486):662-4.

17

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

31.

doi:10.20944/preprints202103.0632.v1

McGrath M, Wong JY, Michaud D, Hunter DJ, De Vivo I. Telomere length, cigarette smoking,

and bladder cancer risk in men and women. Cancer Epidemiology Biomarkers & Prevention.
2007;16(4):815-9.
32.

Mirabello L, Huang WY, Wong JY, Chatterjee N, Reding D, David Crawford E, et al. The

association between leukocyte telomere length and cigarette smoking, dietary and physical variables, and
risk of prostate cancer. Aging cell. 2009;8(4):405-13.
33.

Nawrot TS, Staessen JA, Holvoet P, Struijker-Boudier HA, Schiffers P, Van Bortel LM, et al.

Telomere length and its associations with oxidized-LDL, carotid artery distensibility and smoking.
Frontiers in Bioscience. 2010;2:1164-8.
34.

Morla M, Busquets X, Pons J, Sauleda J, MacNee W, Agusti A. Telomere shortening in smokers

with and without COPD. European Respiratory Journal. 2006;27(3):525-8.
35.

Latifovic L. The Influence of Alcohol Consumption, Smoking, and Physical Activity on

Peripheral Blood Leukocyte Telomere Length. 2014.
36.

Weischer M, Bojesen SE, Nordestgaard BG. Telomere shortening unrelated to smoking, body

weight, physical activity, and alcohol intake: 4,576 general population individuals with repeat
measurements 10 years apart. PLoS genetics. 2014;10(3):e1004191.
37.

Pavanello S, Hoxha M, Dioni L, Bertazzi PA, Snenghi R, Nalesso A, et al. Shortened telomeres

in individuals with abuse in alcohol consumption. International journal of cancer. 2011;129(4):983-92.
38.

Strandberg TE, Strandberg AY, Saijonmaa O, Tilvis RS, Pitkälä KH, Fyhrquist F. Association

between alcohol consumption in healthy midlife and telomere length in older men. The Helsinki
Businessmen Study. European journal of epidemiology. 2012;27(10):815-22.
39.

Kalayasiri R, Kraijak K, Maes M, Mutirangura A. Methamphetamine (MA) use induces specific

changes in LINE-1 partial methylation patterns, which are associated with MA-induced paranoia: A
multivariate and neuronal network study. Molecular neurobiology. 2019;56(6):4258-72.

18

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

40.

doi:10.20944/preprints202103.0632.v1

Gonçalves J, Martins T, Ferreira R, Milhazes N, Borges F, Ribeiro CF, et al. Methamphetamine‐

Induced Early Increase of IL‐6 and TNF‐α mRNA Expression in the Mouse Brain. Annals of the New
York Academy of Sciences. 2008;1139(1):103-11.
41.

Shah A, Silverstein PS, Singh DP, Kumar A. Involvement of metabotropic glutamate receptor 5,

AKT/PI3K signaling and NF-κB pathway in methamphetamine-mediated increase in IL-6 and IL-8
expression in astrocytes. Journal of neuroinflammation. 2012;9(1):52.
42.

Gonçalves J, Baptista S, Martins T, Milhazes N, Borges F, Ribeiro CF, et al. Methamphetamine‐

induced neuroinflammation and neuronal dysfunction in the mice hippocampus: preventive effect of
indomethacin. European Journal of Neuroscience. 2010;31(2):315-26.
43.

O'Donovan A, Pantell MS, Puterman E, Dhabhar FS, Blackburn EH, Yaffe K, et al. Cumulative

inflammatory load is associated with short leukocyte telomere length in the Health, Aging and Body
Composition Study. PloS one. 2011;6(5):e19687.
44.

Yang Z, Ye J, Li C, Zhou D, Shen Q, Wu J, et al. Drug addiction is associated with leukocyte

telomere length. Scientific reports. 2013;3.
45.

Kalayasiri R, Verachai V, Gelernter J, Mutirangura A, Malison RT. Clinical features of

methamphetamine-induced paranoia and preliminary genetic association with DBH-1021C-->T in a Thai
treatment cohort. Addiction. 2014.
46.

Pierucci-Lagha A, Gelernter J, Chan G, Arias A, Cubells JF, Farrer L, et al. Reliability of DSM-

IV diagnostic criteria using the semi-structured assessment for drug dependence and alcoholism
(SSADDA). Drug and Alcohol Dependence. 2007;91(1):85-90.
47.

Martinsson L, Wei Y, Xu D, Melas PA, Mathé AA, Schalling M, et al. Long-term lithium

treatment in bipolar disorder is associated with longer leukocyte telomeres. Translational psychiatry.
2013;3(5):e261.
48.

Maurya PK, Rizzo LB, Xavier G, Tempaku PF, Ota VK, Santoro ML, et al. Leukocyte telomere

length variation in different stages of schizophrenia. Journal of Psychiatric Research. 2018;96:218-23.

19

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

49.

doi:10.20944/preprints202103.0632.v1

Zhang Y, Hishimoto A, Otsuka I, Watanabe Y, Numata S, Yamamori H, et al. Longer telomeres

in elderly schizophrenia are associated with long-term hospitalization in the Japanese population. Journal
of Psychiatric Research. 2018;103:161-6.
50.

Gadalla SM, Katki HA, Shebl FM, Giri N, Alter BP, Savage SA. The relationship between DNA

methylation and telomere length in dyskeratosis congenita. Aging Cell. 2012;11(1):24-8.
51.

Brouilette SW, Moore JS, McMahon AD, Thompson JR, Ford I, Shepherd J, et al. Telomere

length, risk of coronary heart disease, and statin treatment in the West of Scotland Primary Prevention
Study: a nested case-control study. The Lancet. 2007;369(9556):107-14.
52.

Shalev I, Moffitt TE, Braithwaite AW, Danese A, Fleming NI, Goldman-Mellor S, et al.

Internalizing disorders and leukocyte telomere erosion: a prospective study of depression, generalized
anxiety disorder and post-traumatic stress disorder. Molecular psychiatry. 2014;19(11):1163-70.
53.

Beery AK, Lin J, Biddle JS, Francis DD, Blackburn EH, Epel ES. Chronic stress elevates

telomerase activity in rats. Biology letters. 2012;8(6):1063-6.
54.

Epel ES, Lin J, Dhabhar FS, Wolkowitz OM, Puterman E, Karan L, et al. Dynamics of

telomerase activity in response to acute psychological stress. Brain, behavior, and immunity.
2010;24(4):531-9.
55.

Jiménez KM, Pereira-Morales AJ, Adan A, Forero DA. Telomere length and childhood trauma in

Colombians with depressive symptoms. Brazilian Journal of Psychiatry. 2019;41(3):194-8.
56.

Boks MP, van Mierlo HC, Rutten BPF, Radstake TRDJ, De Witte L, Geuze E, et al. Longitudinal

changes of telomere length and epigenetic age related to traumatic stress and post-traumatic stress
disorder. Psychoneuroendocrinology. 2015;51:506-12.
57.

Navarro‐Mateu F, Husky M, Cayuela‐Fuentes P, Álvarez FJ, Roca‐Vega A, Rubio‐Aparicio M, et

al. The association of telomere length with substance use disorders: a systematic review and meta‐
analysis of observational studies. Addiction. 2020.

20

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

58.

doi:10.20944/preprints202103.0632.v1

Rognli EB, Berge J, Håkansson A, Bramness JG. Long-term risk factors for substance-induced

and primary psychosis after release from prison. A longitudinal study of substance users. Schizophrenia
research. 2015;168(1-2):185-90.
59.

Su M-F, Liu M-X, Li J-Q, Lappin JM, Li S-x, Wu P, et al. Epidemiological Characteristics and

Risk Factors of Methamphetamine—Associated Psychotic Symptoms. Frontiers in psychiatry. 2018;9:489.
60.

Kirkpatrick MG, Gunderson EW, Levin FR, Foltin RW, Hart CL. Acute and residual interactive

effects

of

repeated

administrations

of

oral

methamphetamine

and

alcohol

in

humans.

Psychopharmacology. 2012;219(1):191-204.
61.

McKetin R, Lubman DI, Baker AL, Dawe S, Ali RL. Dose-related psychotic symptoms in

chronic methamphetamine users: evidence from a prospective longitudinal study. JAMA psychiatry.
2013;70(3):319-24.
62.

Arunogiri S, Foulds JA, McKetin R, Lubman DI. A systematic review of risk factors for

methamphetamine-associated

psychosis.

Australian

&

New

Zealand

Journal

of

Psychiatry.

2018;52(6):514-29.
63.

Sulaiman AH, Said MA, Habil MH, Rashid R, Siddiq A, Guan NC, et al. The risk and associated

factors of methamphetamine psychosis in methamphetamine-dependent patients in Malaysia.
Comprehensive psychiatry. 2014;55:S89-S94.
64.

Chen CK, Lin SK, Sham PC, Ball D, Loh EW, Hsiao CC, et al. Pre-morbid characteristics and

co-morbidity of methamphetamine users with and without psychosis. Psychological medicine.
2003;33(8):1407-14.
65.

McGregor C, Srisurapanont M, Jittiwutikarn J, Laobhripatr S, Wongtan T, White JM. The nature,

time course and severity of methamphetamine withdrawal. Addiction. 2005;100(9):1320-9.
66.
of

Lamyai W, Pono K, Indrakamhaeng D, Saengsin A, Songhong N, Khuwuthyakorn P, et al. Risks
psychosis

in

methamphetamine

users:

cross-sectional

study

in

Thailand.

BMJ

open.

2019;9(10):e032711.

21

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

67.

doi:10.20944/preprints202103.0632.v1

Rungnirundorn T, Verachai V, Gelernter J, Malison RT, Kalayasiri R. Sex differences in

methamphetamine use and dependence in a Thai treatment center. Journal of addiction medicine.
2017;11(1):19.

22

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0632.v1

23

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0632.v1

Table 1. Socio-demographic and clinical features and telomere to single copy gene (T/S) ratio of patients with methamphetamine (MA)
use and MA dependence and patients with MA-induced psychosis (MIP).

Variables
Age
Sex (male: female)
Education
T/S ratio*
Never married/ widoweddivorced -separated/ married
Employment status (Y/N)
Antisocial personality (N/Y)
Tolerance (N/Y)
Withdrawal (N/Y)
Age of onset use (years)
Duration of use (years)
Episode of heaviest use in life
Number of pills/days
Day/months of meth use
Severity of dependence
Severity of withdrawal
Withdrawal depression (N/Y)
Withdrawal agitation (N/Y)
Withdrawal psychomotor
retardation (N/Y)

MA abuse
n = 185

MA dependence
n = 118

MIP
n = 67

26.0 (0.5)
133/52
8.0 (2.5)
1.92 (3.94)
120/20/45

26.6 (7.3)
77/41
7.9 (2.7)
1.67 (3.29)
86/16/16

84/101B, C
177/8B, C
174/11B, C
170/15B, C
18.9 (4.6)
6.8 (5.2)
1.2 (0.4) B, C
1.1 (0.3) B, C
10.9 (10.1) B, C
1.6 (1.1) B, C
1.7 (1.8) B, C
180/5 B, C
175/10 B, C
137/48 B, C

35/83A
103/15A, C
54/64A, C
39/79A, C
18.6 (5.9)
7.4 (5.2)
1.7 (0.5) A
1.5 (0.5) A
21.5 (8.8) A
5.1 (1.4) A, C
4.1 (1.8) A, C
94/24 A, C
90/28 A, C
31/87 A

F/2

df

P value

25.9 (6.2)
48/19
7.9 (2.3)
1.51 (2.80)
50/9/9

0.36
1.65
0.05

2/367
2
2/367

0.699
0.439
0.952

8.03

4

0.091

19/48A
39/28A, B
15/52A, B
4/63A, B
17.4 (4.3)
8.1 (5.0)
1.7 (0.5) A
1.5 (0.5) A
22.8 (8.9) A
6.2 (1.0) A, B
5.0 (1.8) A, B
41/26 A, B
41/26 A, B
13/54 A

10.43
58.27
142.54
191.29
2.05
1.71
51.40
38.95
63.69
494.79
112.02
54.76
43.36
94.35

2
2
2
2
2/367
2/365
2/364
2/367
2/367
2/367
2/367
2
2
2

0.005
<0.001
<0.001
<0.001
0.131
0.182
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Withdrawal craving (N/Y)
Alcohol dependence (N/Y)
Nicotine dependence (N/Y)
Total severity index (z score)
Traumatic events (N/Y)

175/10 B, C
168/17 C
137/48 A, B
-0.755 (0.590) B, C
146/39

doi:10.20944/preprints202103.0632.v1

87/31 A
100/18 C
52/66 C
0.615 (0.695) A, C
99/19

39/28 A
40/27 A, B
21/46 C
1.028 (0.642) B, C
46/21

49.56
34.41
47.92
273.12
5.93

2
2
2
2/364
2

<0.001
<0.001
<0.001
<0.001
0.052

All data are shown as mean (SD). *Processed in Ln transformation
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Table 2: Results of multiple regression analysis with the telomere to single copy gene (T/S) ratio as dependent variable

No

Explanatory variables

#1

Model
Traumatic event
Model
Life threatening accident
Model
Traumatic event
Sex
Age
Alcohol dependence
Nicotine dependence
MA severity index

#2
#3



t

p

0.117

2.45

0.025

0.154

2.97

0.003

0.122
0.050
-0.013
-0.048
-0.057
-0.038

2.27
0.87
-0.23
-0.86
-1.03
-0.69

F model

df

p

R2

5.04

1/363

0.025

0.014

8.79

1/363

0.003

0.024

1.63

6/360

0.138

0.026

0.024
0.384
0.818
0.393
0.306
0.487

MA: methamphetamine
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Table 3: Results of logistic binary regression analysis with methamphetamine (MA)-induced psychosis (MIP) as dependent variable

Explanatory variables



SE

Wald

df

p

OR

95% CI

#1

T/S ratio

0.038

0.126

0.09

1

0.761

1.04

0.81-1.33

#2

Alcohol dependence

0.849

0.341

6.20

1

0.013

2.34

1.20-4.56

Antisocial PD

1.412

0.357

15.62

1

<0.001

4.10

2.04-8.26

MA severity index

0.847

0.156

29.36

1

<0.001

2.33

1.72-3.17

#binary
regression

OR: Odds ratio, 95% CI: 95% confidence intervals
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Table 4: Results of logistic binary regression analyses with methamphetamine (MA)-associated withdrawal symptoms as dependent
variables



SE

W

df

p

OR

95% CI

Alcohol dependence

1.009

0.348

8.41

1

0.004

2.74

1.39-5.43

Nicotine dependence

0.940

0.256

13.47

1

<0.001

2.56

1.55-4.23

Antisocial PD

0.914

0.384

5.65

1

0.017

2.49

1.17-5.30

MA severity index

0.909

0.133

46.76

1

<0.001

2.48

1.91-3.22

#2. Withdrawal,

Nicotine dependence

1.520

0.357

18.12

1

<0.001

4.57

2.27-9.21

depressed mood

MA severity index

0.641

0.167

14.80

1

<0.001

1.90

1.37-2.63

#3. Withdrawal,

Nicotine dependence

0.582

0.234

6.21

1

0.013

1.79

1.13-2.83

psychomotor

MA severity index

0.749

0.121

37.97

1

<0.001

2.17

1.67-2.68

#4. Withdrawal,

Nicotine dependence

0.950

0.309

9.46

1

<0.001

2.59

1.41-4.74

agitation

MA severity index

0.739

0.157

22.22

1

<0.001

2.09

1.54-2.85

Dependent

Explanatory

variable

variables

#1. Withdrawal

retardation
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