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Abstract

Although telemere attrition is associated with the process of normal ageing, shorter telomere
length (TL) has been associated with acute and chronic stressors. A neurobiological factor
hypothesised to be responsible for this accelerated attrition is the dysregulation of the cortisol
stress response, which can induce DNA damage affecting DNA telomeric caps. Marked sex
differences are reported in both the cortisol stress response and telomere dynamics, yet no
explicit investigation of sex specificity on the relationship between cortisol and TL exists.
The present:study-used mathematical equation modelling to describe the relationship between
diurnal cortisol leévels and telomere length within the context of sex, in a healthy population.
Cortisol awakening responses (CAR) were measured via ELISA methodology in fifty-one
healthy participants (28 males, 23 females). qPCRs determined TL from genomic DNA
extracted fromesaliva. To assess the effect of free cortisol on relative TL ratio, a semi-log
regression plot of'the two variables trended for sex were fitted using spline curves. Results
demonstrated significant differences between males and females in the relationship defining
CAR and TL association (p = 0.03). These results suggest the relationship is not linear and
can be represented,as a complex arcsin function, and that the patterns are opposite in males
and females. Males demonstrate a positive correlation, with higher levels of CAR being
associated with longer telomere sequences. Females demonstrated a negative correlation.
Future studies.must carefully take into consideration moderating factors such as sex, and sex

hormones aeross the lifespan when investigating telomere length.
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Abbreviation list:

ANCOVA; Analysis of covariance
AUC; Areaunder the curve

CAR; cortisol awakening response
Ct; cycle threshold

DNA; deoxyribonucleic acid

HPA; hypethalamic—pituitary—adrenal
PCR; polymerasgichain reaction

PSS; perceivedsstress scale

PTSD; Post-traumatic stress disorder
ROS; reactiveroxygen species

TERT; telomerase reverse transcriptase

TL; telomere length
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Introduction

Stress is a condition that occurs when environmental demands require physiologic or
behavioural changes to maintain homeostasis, and involves the integration of multiple
systems toradaptorganisms to their immediate or anticipated environment (B. S. McEwen,
2018). Undér acute conditions, upregulation of end-point stress mediators including
glucocorticoids and noradrenaline are beneficial and confers adaptability to stressors. In a
healthy dynamic system, feedback mechanisms ensure subsequent termination and an
efficient return te baseline, keeping levels within acceptable dynamic ranges. However, if
activation of stress systems become repeated or excessive, or if regulatory feedback systems
become dysfunctional, constant activity can result in cellular stress and ‘wear and tear’ of the
underlying networks (Bruce S. McEwen, 2006). This ability to return to baseline is thought to
reflect adaptability and resilience, and determines, in large part, our overall health. Varying
measurements of ‘stress’ at the psychological and physiological level are associated with
higher all-cause mortality and morbidity rates (Rutters et al., 2014), and several studies have
demonstratedsperceived psychosocial stress, chronic stress, and stress related disorders are
risk factors for'cardiovascular disease ("Stress related disorders and risk of cardiovascular
disease: population based, sibling controlled cohort study," 2019), immune dysfunction (Kim
et al., 2012), and'cancer rates (Soung & Kim, 2015).

The hypothalamic-pituitary-adrenal (HPA) axis, the central neuro-endocrine stress response
system, is responsible for inducing a state of physiological arousal in response to stressful
stimuli through a cascade of events leading to glucocorticoid (cortisol in humans) release.
Cortisol itself then subsequently attenuates this signal cascade, maintaining homeostasis via
negative feedback mechanisms. However, chronic and maladaptive stress states in vulnerable
individuals,canproduce alterations in patterns of activity of HPA activity, which in turn have
deleterious effeets'on health, both physically and psychologically. This is thought to be one
of the neurobiological correlates driving the interaction between stressors and morbidity.
Accordinglyg€ortisol is widely conceptualised as a biomarker of stress activity and
susceptibility (Elissa S. Epel et al., 2018). Several methods are used to assess the basal HPA
activity and acute HPA reactivity in response to a physical or psychological stressor. Cortisol
awakening response is (CAR) is the change in cortisol concentration that captures the normal
rapid rising of cortisol after awakening, reaching a peak at 30-45 mins. This response

represents the dynamic diurnal cortisol rhythm (Fries, Dettenborn, & Kirschbaum, 2009), and
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is suggested to reflect the adrenal capacity to respond to stress (Golden, Wand, Malhotra,
Kamel, & Horton, 2011; Steptoe & Serwinski, 2016). Changes in the diurnal cortisol
response represents an important indicator of a stress-related alteration of the diurnal cortisol
rhythm, and both acute (Dienes, Gartland, & Ferguson, 2019) and chronic stress exposures
(Duan et alr, 2013) have been linked to a flattened CAR response. Salivary CAR also has a
higher intrasindividual stability than a single morning salivary cortisol, or measurement of
salivary cortisol at pre-defined times (Golden et al., 2011). Several studies demonstrate
differences in CAR output in stress related psychiatric disorders including post-traumatic
stress disorder (PTSD) (Rauch et al., 2020) and in chronic physical conditions such as
cardiovascular function (Violanti et al., 2018), and diabetes (Joseph & Golden, 2017).

A reliable index thought to represent the convergence of all stress adaptability systems and
resultant stress at the cellular level is that of telomere length (Blackburn, Epel, & Lin, 2015).
Telomeres are repetitive, non-coding DNA sequences that define and ‘cap’ the ends of linear
chromosomes of eukaryotes. Telomeres shorten progressively with each cellular replication
and once a criticalsshort length is achieved, cellular senescence is triggered. Telomere length
is therefore aJimiting factor of cell replication and cell survival and shortening leads to the
induction of cellular ‘ageing’ (Whittemore, Vera, Martinez-Nevado, Sanpera, & Blasco,
2019). These telomeric repeat sequences of TTAGGG function as a dynamic unit that
protects the chromosomal ends from damage, preventing their degradation and maintenance
of genomic integrity. To increase the integrity and length of telomeres, a reverse transcriptase
known as Telomerase reverse transcriptase (TERT) replaces DNA repeats to the 3’ end of the
telomeric end. It is important to recognise that cellular senescence is thought to represent a
tumour suppressor mechanism limiting proliferative capacity of cells. Therefore, a finely
tuned balanee of attrition and replacement is required (Cleal, Norris, & Baird, 2018;

Collaborations2017).

Although telomere attrition is associated with the process of normal ageing, acceleration of
attrition has/béen associated with disease states and is often conceptualised as an indicator of
cellular age, as epposed to chronological age (Shammas, 2011). Telomere length varies
considerably among individuals. It is highly heritable, with intra-uterine variables including
genetic and other factors interacting during pregnancy determining telomere length at birth
(Weng et al., 2016). Thereafter, environmental effects have been shown to moderate telomere

length and a growing literature suggest telomere length is associated with a disruption of

This article is protected by copyright. All rights reserved



homeostasis, due to the occurrence of stressors (Angelier, Costantini, Blévin, & Chastel,
2018). Stress mediators such as cortisol can induce DNA damage through the production of
reactive oxygen species (ROS) and reactive nitrogen species (RNS) which are capable of
interacting with DNA, increasing DNA damage (Flint, Baum, Chambers, & Jenkins, 2007)
and causing strand breaks and base changes affecting DNA telomeric caps (Flaherty et al.,
2017). Evolving research supports the association between psychosocial stress and short
telomere length. Several meta-analyses have demonstrated that chronic stress exposure and
perceived stress are associated with shorter telomere length (Mathur et al., 2016; Schutte &
Malouft, 2016) and early-life stress has also been shown to be a risk factor for shorter
telomere lengths.at older ages (Ridout et al., 2017). Moreover, stress related psychiatric
disorders, in€luding depression, have been reliably associated with shortened telomere length
((Elissa S. Epel & Prather, 2018) for review), although the nature of this relationship is yet to
be fully elucidated: Consequently, there has also been growing interest in characterising the

relationship between biological stress mediators and telomere dynamics.

Direct researchsrelating to cortisol output on telomere shortening is expanding. In vitro
studies have demenstrated that elevated cortisol exposure accelerates telomere shortening
(Choi, Fauce, & Effros, 2008; V, Deshpande, & Barve, 2014), and embryonic exposure to
corticosteroids.4n animal models observes increased oxidative stress and shorter telomeres in
later life (Haussmann, Longenecker, Marchetto, Juliano, & Bowden, 2012). However, human
studies are less conclusive, with some population studies showing a correlative negative
relationship between telomere length and cortisol measures (E. S. Epel et al., 2006; Gotlib et
al., 2015; AL J. Tomiyama et al., 2012), whilst others report no significant associations
(Savolainen, Eriksson, Kajantie, Lahti, & Raikkonen, 2015; Woody, Hamilton, Livitz,
Figueroa, & Zoccola, 2017). To overcome the heterogeneity of cortisol measurement
methods, sample.characteristics, and study designs, Jiang et al, conducted a meta-analysis on
basal cortisél'and ¢cortisol reactivity and telomere length (Jiang et al., 2019). Although no
statistical assoeiation was found between basal cortisol level and telomere length, a
statistically.significant inverse relationship was found between cortisol reactivity and
telomere length,,;High variability in sample demographics were observed, particularly with
regards to age and sex. Subgrouping sensitivity analyses demonstrated this significant
relationship was only evident in children-only samples, not in samples including adults.
Furthermore, subgrouping sensitivity analyses showed a statistically significant correlation

was observed in female-only studies but not among mixed sex groups (Jiang et al., 2019).
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(Sex, defined as the biological and physiological differences between females and males,
with sex chromosomes (XX vs XY) and gonadal hormones primarily contributing to these

differences at the cellular, organ, and systems levels, is used throughout this manuscript).

Marked sex differences in both cortisol HPA functioning and in telomere dynamics have
been reportéd. Rodent studies consistently demonstrate that females secrete higher absolute
concentrations of corticosterone than males in response to physical and psychological
stressors (Goel, Workman, Lee, Innala, & Viau, 2014; Oyola & Handa, 2017). Human studies
are less consistent, with the type of stressor influencing the sex effect on HPA activity. For
example, males démonstrate increased cortisol responses to verbal and mathematical
challenges wheteas females tend to demonstrate increased cortisol response to a social
rejection challenge (Stroud, Salovey, & Epel, 2002). Sex hormones, physiological coping
styles, and resilience psychosocial factors are thought to contribute to these differences. The
perceived stress scale (PSS) is the most widely used psychological tool for measuring the
perception of stress and the capability to face stressors at the individual level (Walvekar,
Ambekar, & DPevaranavadagi, 2015), and reported to be gender invariant (Barbosa-Leiker et
al., 2013). It has,been reported to correlate with HPA activity and cortisol levels (Gersten,
2008). Although often not accounted for in the literature (Reschke-Herndndez, Okerstrom,
Bowles Edwards, & Tranel, 2017), hormonal fluctuation across the menstrual cycle (Gillies
& McArthur, 2010; Ozgocer, Ucar, & Yildiz, 2017) and oral contraceptive use (users have
smaller cortisol response than non-users) (53 (Eisenhofer et al., 2017; Vastbinder,
Kuindersma, Mulder, Schuijt, & Mudde, 2016) can further influence female HPA cortisol
levels and feedback mechanisms. Sex effects are also observed in telomere attrition rates, a
meta-analysis demonstrating females on average had longer telomeres than males in a
population of 36,230 participants, adjusted for age (Gardner et al., 2014). There is evidence
that sex steroid;hormones, including estrogens and androgens, upregulates both TERT and
increases telomerase activity in specific cell lines (Calado et al., 2009; Kyo et al., 1999). An
estrogen responsive element is present in TERT (Kyo et al., 2000) and estrogen has been
shown to activate telomerase, thought to slow attrition (Nawrot, Staessen, Gardner, & Aviv,

2004).

Few studies have reported on the association between CAR as a measure of HPA activity and
telomere length, and no previous studies have demonstrated a significant association (Buss et

al., 2014; Révész, Milaneschi, Terpstra, & Penninx, 2016; A. Janet Tomiyama et al., 2012).
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However, classical linear relationships were tested, and sex segregation was not considered in
any of these studies. In addition, two of the three studies also used only two time points,
rather than the gold standard three, to evaluate CAR activity (Buss et al., 2014; A. J.
Tomiyama et al., 2012). This may have led to missed findings in the previously reported
studies. Astelomere length represents a novel biomarker of environmental stressors, and
disease susceptibility, a clear understanding of the determinants affecting this relationship is
essential. One such factor that needs further clarification given the current literature is sex.
Therefore, the present study used mathematical equation modelling to describe the
relationship between cortisol levels and telomere length, within the context of sex, in a

healthy population.

Methods

Participants and experiment design

A total of 51.(28 male, 23 female) participants with mean age of 24.3 years (SD=4.6) were
recruited threughmuniversity flyers or by direct contact. Exclusion criteria were age less than
18 years, cuttent physical medical condition, previous or current diagnosis of a psychiatric
disorder, pregnancy, or current corticosteroid treatment. Oral contraceptive use (females) was
recorded. Perceived stress at the time of sampling was evaluated by the Perceived Stress
Scale (PSS) (Cohen, Kamarck, & Mermelstein, 1983). The study conforms with World

Medical Association Declaration of Helsinki.

CAR Assessment and Quantification

For quantification of diurnal HPA axis activity (cortisol awakening response; CAR)
participants'were asked to collect three saliva samples on a regular weekday (awakening (t,),
and 30 min (t3), 60 min (ts) after awakening). Participants were carefully instructed to
refrain fromefeodydrinks other than water, or brushing their teeth before completion of saliva
sampling. Sampling times and adherence to the sampling procedure was documented by the
participants ini@ written protocol. Upon receipt, samples were frozen and stored at —80 °C.
Salivary cortisol. collection allowed for non-invasive, at-home, collection of free cortisol
levels, which is stable at —80 °C for up to one year (Garde & Hansen, 2005). Salivary cortisol
levels were analysed using a salivary cortisol enzyme immunoassay kit as described by the
manufacturer (Salimetrics). Intra- and inter-assay variability of the assay was less than 5%

and 10%, respectively. All samples were run in duplicate and the plates were read at 50 nm.
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The average optical density was calculated and a 4-parameter non-linear regression curve of
fit was applied to determine the concentrations of cortisol in the saliva samples. CAR was
calculated using area under the curve (AUC) relative to a baseline value (free awakening
cortisol level at ty), as a summary measure. Riemann sums added areas (width x height) of
rectanglesywhere'the width of each rectangle was the actual length of time difference (teo- t30,
in minutes) between two consecutive sampling points, and the height was the mean of two
consecutive free cortisol levels, for ith level (c;, c¢; _ 1). Therefore, all subject’s rectangular
areas are added to estimate the AUC which represents each subjects’ area under the curve
over the timesfomwhich salivary cortisol levels was actually available, that is, it is appended
to account for,each subject’s observations (DATA STEP, Carpenter, Art. 1999. Annotate:
Simply the Basics. Cary, NC. SAS Institute Inc.).

DNA extraction and telomere length analysis

Genomic DNA. (gDNA) was extracted from saliva, according to manufacturer’s
recommendations (DNA Genoteck PrepITL2P). Quality and quantity of gDNA was verified
using the Nanodrop 2000 spectrometer (Thermo Scientific). The concentration of extracted
gDNA was based/on absorbance at 260nm, and purity of the ratio of absorbance at 260 and
280nm (A260/280). All gDNA extractions used to ascertain telomere length yielded a
260/280 ratio.between 1.9 and 1.85.

The relativestelomere length in gDNA was measured using a quantitative PCR-based method
that compares telomere repeat sequence copy number (T) to single-copy gene number (36B4)
(S) in a given sample (Cawthon, 2002). Comparing the telomere repeat sequence copy
number to 36B4,served as an internal control to normalise the amount of DNA analysed. The
calculated T/S ratios is proportional to the relative telomere length of an individual. Briefly,
all PCRs weresarun on an Applied Biosystems™ (ABI) 7500 Real-Time PCR System in a
384-well format and each sample was run in triplicate. gDNA samples were amplified by
PCR reactions‘éomprising of 5 ng genomic DNA, 1xQiagen Quantitect Sybr Green Master
Mix (Qiagen'and either 270 nM of telomere-specific primers (Tel-1 Primer:
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAG GGT ;and 900uM of the Tel2
primer TCCCGACTA TCCCTATCCCTATCCCTATCCCTATCCCTA ; or 300 nM of the
36B4U forward primer (CAGCAAGTGGGAAGGTGTAATCC ) primer and 500 nM of the
36B4D reverse primer (CCCATTCTATCATCAACGGGTACAA ). The thermal cycling

This article is protected by copyright. All rights reserved



conditions included one cycle at 95 °C for 5 min, followed by 40 cycles at 95 °C for 15 s and
either 54°C for 2 mins (tel-1 and tel 2 primers) or 58 °C for 1 min 10sec (36B4 primers).

Each qPCR experiment included negative controls.

For telomerelength quantification, cycle threshold (Ct) for each telomere and control gene
(36B4) PCR reaction was calculated using the ABI software algorithm. A mean T/S ratio was
calculated according to the following formula: T/ SRatio = (2telomereCt 23684 Cty=1 = 5=ACt

where this value (T/S) reflects the size of telomere for each sample.

Data analysis

We used log-transformed values to minimise mean and variance correlation for the telomere
length variable. To study the effect of different values of CAR (as AUC) from 51 male and
female subjects on their measured telomere length (the dependent variable), we model CAR
effects for the trends of the two sexes using B-spline effects. First, we created smoothing
spline effects for CAR values (named “SmoothCAR”). Next, splined CAR values
(SmoothCAR)ysex (female) and their interaction (SmoothCAR*Sex) term was entered in the
final model (ORTHOREG procedure). We chose the orthogonal approach to least squares,
instead of ordinary least square regression (general linear model (GLM)), as small increases
in CAR levels.ed to larger increase in telomere length (ill-conditioned data). The main
assumption for linear models requires linearity of covariate effect, which is not a plausible a
priori assumption for biological variables. B splines are piecewise smoothing polynomials for
fitting non-parametric or unknown curve functions, in which linearity (or finite set of linear

function parameters) are not assumed. This fits the our aim of analysis.

To determine the CAR range of values of which the telomere length trends differ (i.e. be able
to reject the nullhypothesis of CAR values being the equal for males and female effects on
telomere lengths), we used the PLM procedure with an ESTIMATE statement that applies
Sex comparisons‘at a number of CAR values (> or = 0.2) spaced by 0.05 (by 0.05). As
comparisonsof Sex CAR values effect on telomere lengths were made at several levels, we
adjusted the p-values for multiple testing using ADJUST=SIMULATE and STEPDOWN
options to obtain adjusted “simulated” p-values (Table 3). This method of adjustment is one
the most conservative multiplicity (family wise error rate control) adjustment techniques
(Westfall & Tobias, 2007). All statistical analyses were written with SAS software (Cary,
NO).
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Results

Baseline characteristics of age, perceived stress (defined by the PSS), CAR AUC, telomere
length and the natural logarithm (Ln) of telomere lengths demonstrated no significant
differencéstbetween females and males (Table 1). There was no evidence against the null
hypotheses (no difference in) CAR level or telomere length between female subjects using
oral contraceptives (n=3) and other female subjects (asymptotic: p=0.30, p=0.97,

respectively).

Table 1 Summary statistics (Mean (SD)) of study population variables.

A prediction plot'in Figure 1 depicts the model fit with two smooth curves, one for each sex.
The splines demonstrate a pattern of difference between male and female telomere lengths for
values of CAR that exceed 0.2 AUC (20%). A significant interaction was demonstrated for
the effects of CAR on telomere length and sex. Table 3 shows that at a 5% alpha level, the
trends for bothssexes are significantly different for CAR values at 0.27, 0.30, and 0.35. This
region of significance demonstrates opposing associations; whilst males demonstrate a
positive correlation, with higher levels of CAR being associated with longer telomere

sequences, females demonstrated a negative correlation.

Table 2 Effects of CAR on telomere lengths for trends of males and females.

Table 3 Post-fitting analyses for CAR values trends congruity for males and females.

Figure 1..Sémi-Log (natural log) plot depicts the mathematical relationship between telomere

length (log)/andcortisol awakening response (CAR) as area under the curve (Area), trended

for Sex (malepfemale).

Discussion

The results of this study provide evidence that there are sex differences in the relationship

between cortisol levels and salivary telomere length, as demonstrated by a significant

interaction for the effects of CAR on telomere length and sex. Results suggest the
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relationship is not linear and can be represented as a complex arcsin or inverse sine function
and these patterns are observed to be opposing in males and females (Figure 1).

The post-fitting analyses revealed a region for CAR values ranged between 0.27 and
0.35 AUC, reflecting lower levels of CAR values. Within this region the direction of this
relationship was'opposite with regards to sex; males demonstrated a positive correlation with
higher CAR levels being associated with higher telomere lengths, and females demonstrating
that higher CAR levels are associated with lower telomere lengths. This may suggest that at
lower diurnal cortisol responsivity, defined by lower output of CAR AUC, females may be
affected by physiological stress, culminating in cellular stress (telomere attrition), potentially
via DNA damage/driven from cortisol levels affecting DNA telomeric caps. In comparison,
males may find low CAR levels beneficial with regards to physiological stress with
downstream affects to telomere length. This region of significance was only observed for
lower values of CAR (AUC) values suggesting that the strength of the relationship between
levels of CAR and telomere length is moderated by the level of diurnal physiological stress,
with a stronger association observed for lower values. This emphasises the complexity of the
link betweenseortisol levels and telomere length, and the need for non-classical linear models
to be assessed to.explore the nature of this relationship. This is also relevant for dose-
response experimental methods (considering dose of administered glucocorticoid dose or
level of neuroendocrine responsivity) in varying populations, as the strength of these

associations were stronger in lower levels of CAR output.

Neighbouring the CAR values of 0.27- 0.35 AUC, an inverted U-shape relationship is
observed in/femalgs, and a U-shaped relationship observed in males (Figure 1). This is
largely consistent with the stress biology literature in the observation that glucocorticoids
(endogenous, and pharmacological) induces a “U-shaped” effect to maintain brain
homeostasis (PDiamond, Bennett, Fleshner, & Rose, 1992; Finsterwald & Alberini, 2014;
Joels, 2006);"and that U-shaped relationships are commonly observed in cortisol
neuroendocrinerélationships, particularly with regards to cognitive measures. For example,
increasing deses of intravenous cortisol induce an inverted U-shaped dose-response
relationship beétween salivary cortisol levels and recall performance, with moderate elevation
of cortisol eliciting the best recall performance (Schilling et al., 2013). Additionally, whilst in
vitro studies have demonstrated that elevated glucocorticoids levels may down-regulate
telomerase activity (Choi et al., 2008), mild increases in glucocorticoids levels up-regulate

telomerase (Elissa S. Epel et al., 2010). Of note, this inverted U-shape was only observed in a
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female-only sample, which mirrors the disparate results achieved in the present study
whereby females and males observe opposing relationships between cortisol and telomere

length.

There is évidence that sex steroid hormones, including estrogens and androgens, upregulate
TERT and increases telomerase activity in specific cell lines (Calado et al., 2009; Kyo et al.,
1999). While both females and males produce both estrogens and androgens, the levels differ
substantially. Female testosterone levels are ten times lower than male’s testosterone levels,
conversely estrogen levels in males are lower than females. Serum estradiol levels, the most
potent form ef estrogen in reproductive aged women, have been positively correlated with
leukocyte telomere length (Yeap et al., 2019). For post-menopausal women, who experience
a significant decline in estradiol levels, long-term estrogen therapy is associated with longer
telomere lengths when compared to post-menopausal women who have never taken hormone
therapy (Lee, Im, Kim, Lee, & Shim, 2005). Additionally, estrogen may be protective against
oxidative stress species (Lagranha et al., 2018), of which telomeres are known to be
particularly ssensitive (von Zglinicki, 2002). Sex chromosomes may also impart sex
differences, wwith: female compensatory effects of the second X chromosome possibly
resolving inferior telomere maintenance alleles (Barrett & Richardson, 2011). However, an
inverse relationship between endogenous estradiol and TL has also been demonstrated in
men, and early stage clinical trials show the synthetic steroid Danazol, which has weak
androgenic effects and functional anti-estrogenic effects, results in increased telomere length
in individuals with telomere disease states such as dyskeratosis congenita (Townsley et al.,
2016). These results suggest that sex hormone driven elongation of TL may be due to a
hypoestrogenic_state. Different levels of sex hormones in males and females within their
differential ‘sex-specific biological milieu may govern these opposing effects. It could be
hypothesised,that'slowing attrition rates or maintenance of TL may be governed by estrogens,
whereas elongation may be governed by androgens. Moreover, sex hormones testosterone,
estrogen, andsprogesterone have all been shown to correlate with cortisol levels and HPA
reactivity, although the direction of these relationships in the literature remain inconclusive.
Further investigation of endogenous and exogenous sex hormones, HPA activity and

temporal TL in a sex specific context is required.

The study population consisted of university students within a narrow age range, making it

difficult to generalise across wider age groups. Although no significant difference in age in
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male and female populations were observed, the population studied was a group of relatively
young adults (mean age 24.3). Age is a particularly important factor to consider in the context
of both cortisol activity and telomere length, with telomere length attrition known to increase
with age (Rizvi, Raza, & Mahdi, 2014), and reports of increasing cortisol output across age
(Van Cauter,"Izeproult, & Plat, 2000). It can therefore be expected that their relationship may
also changefacross age and time. However, this study design allowed for high comparability
of demographics, including age, allowing for better control of potential confounders. This
allowed for(the analyses of sex, holding other variables constant, including age. Further, the
aim of this analysis was not to study sex group differences where age is a covariate to be
adjusted forin a linear ANCOV A model; rather, we aimed to fit sex trended splines for CAR
effects on telomere length, and to search for values of CAR where these splines differ. Of
note, during the early life phases there is a faster attrition rate as compared to attrition rates
seen in adults (Hjelmborg et al., 2015). A substantial portion of lifetime attrition appears to
take place in the uterus and the first 20 years of life, whereas the overall effect on TL during
adulthood is relatively small (Hjelmborg et al., 2015). Therefore, it can be suggested that

these resultsimaymmot be observed in older populations.

Limitations

These results must be considered in light of several limitations. The study was cross-sectional
in nature and therefore provides a ‘snapshot view’ of the relationship between telomere
length and CAR levels. CAR levels can of course fluctuate over time and the effect of
dysfunctional HPA dynamics on telomere length likely propagates over time and is more
likely to be observed longer term. It is important to note that the CAR represents the diurnal
cortisol rhythm (Fries et al., 2009) and changes in this response represents an important
indicator of'a stress-related alteration of the diurnal cortisol rhythm with both acute (Dienes
et al., 2019) and.chronic stress exposures (Duan et al., 2013) having been linked to a changed
CAR response:“Although a 6 year follow-up study investigating the association between CAR
and telomereslength demonstrated no significant relationship between CAR and telomere
length (Révész et al., 2016), sex differences were not considered. Future sex-specific,

longitudinal studies are required to delineate this further.

Furthermore, although it is known that the fluctuation of gonadal hormones throughout the
menstrual cycle has direct influence on the stress response in females (Montero-Lopez et al.,

2018), we unfortunately did not control for phase of menstrual cycle for females. Despite the
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limitations, this study is unique because it is the first, to the best of our knowledge, to have
fitted sex trended association for cortisol and telomere length and further delineate the

complex pattern through post-fitting analyses.

Conclusions

These findings add to the growing literature supporting the link between cortisol and TL and
expand these results by analysing the nature of this relationship in a sex-specific manner.
Clear sex differences were demonstrated which is significant for stress biology and the field
of telomere dynamics. Future studies must carefully take into consideration moderating

factors such'as sex, and sex hormones across the lifespan.

Acknowledgements
Sources of funding include Monash University Seed grant, and Barbara Dicker Brain Science
Foundation (Philanthropic funding). The funding source had no involvement with the study

or decision of publication.

Conflict of Interest Statement

The authors declare no conflict of interest

Data availability statement
The data that support the findings of this study are available from the corresponding author

upon reasonable request.

Author contributions: Conceptualisation, NT and CG; Study Design, CG, KB, MR, NT,
SR; data collection, KB, ET; statistical analysis, AH; writing- original draft preparation, NT,
AH; writing-teview and editing NT, CG, KB, MR, ET, SR, JK. All authors have read and

agreed to the"published version of the manuscript.

References

Angelier, F., Costantini, D., Blévin, P., & Chastel, O. (2018). Do glucocorticoids mediate the link

between environmental conditions and telomere dynamics in wild vertebrates? A review.

This article is protected by copyright. All rights reserved



General and Comparative Endocrinology, 256, 99-111.
doi:https://doi.org/10.1016/j.ygcen.2017.07.007

Barbosa-Leiker, C., Kostick, M., Lei, M., McPherson, S., Roper, V., Hoekstra, T., & Wright, B. (2013).
Measurement invariance of the perceived stress scale and latent mean differences across
genderand time. Stress Health, 29(3), 253-260. doi:10.1002/smi.2463

Barrett, E. L. B., & Richardson, D. S. (2011). Sex differences in telomeres and lifespan. Aging Cell,
10(6), 9239211 doi:10.1111/j.1474-9726.2011.00741.x

Blackburn, E.H., Epel, E. S., & Lin, J. (2015). Human telomere biology: A contributory and interactive
factorin aging, disease risks, and protection. Science, 350(6265), 1193-1198.
doi:10.1126/science.aab3389

Buss, J., Havel, P.ds, Epel, E., Lin, J., Blackburn, E., & Daubenmier, J. (2014). Associations of ghrelin
with'eating behaviors, stress, metabolic factors, and telomere length among overweight and
obese women: Preliminary evidence of attenuated ghrelin effects in obesity? Appetite, 76,

84-947doithttps://doi.org/10.1016/j.appet.2014.01.011

Calado, R. T.; Yewdell, W. T., Wilkerson, K. L., Regal, J. A., Kajigaya, S., Stratakis, C. A., & Young, N. S.
(2009). Sex hormones, acting on the TERT gene, increase telomerase activity in human
primary hematopoietic cells. Blood, 114(11), 2236-2243. doi:10.1182/blood-2008-09-178871

Cawthon, R. M. (2002). Telomere measurement by quantitative PCR. Nucleic Acids Res, 30(10), e47.
doi:10:2093/nar/30.10.e47

Choi, J., Fauce, S. R., & Effros, R. B. (2008). Reduced telomerase activity in human T lymphocytes
exposed to cortisol. Brain, Behavior, and Immunity, 22(4), 600-605.
doi:10.1016/j.bbi.2007.12.004

Cleal, K., Norris;Ks& Baird, D. (2018). Telomere Length Dynamics and the Evolution of Cancer
Genome Architecture. International Journal of Molecular Sciences, 19(2).
doi:10:3390/ijms19020482

Cohen, S.pKamarckyT., & Mermelstein, R. (1983). A Global Measure of Perceived Stress. Journal of
Health and Social Behavior, 24(4), 385-396. doi:10.2307/2136404

Collaboration, T. T..M. R. (2017). Association Between Telomere Length and Risk of Cancer and Non-
Neoplastic Diseases: A Mendelian Randomization StudyTelomere Length and Risk of Cancer
and/Non-Neoplastic DiseasesTelomere Length and Risk of Cancer and Non-Neoplastic
Diseases.WAMA Oncology, 3(5), 636-651. doi:10.1001/jamaoncol.2016.5945

Diamond, D. M., Bennett, M. C., Fleshner, M., & Rose, G. M. (1992). Inverted-U relationship between
the level of peripheral corticosterone and the magnitude of hippocampal primed burst

potentiation. Hippocampus, 2(4), 421-430. doi:10.1002/hip0.450020409

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.ygcen.2017.07.007
https://doi.org/10.1016/j.appet.2014.01.011

Dienes, K., Gartland, N., & Ferguson, E. (2019). The relationship between the cortisol awakening
response and cortisol reactivity to a laboratory stressor. British Journal of Health Psychology,
24(2), 265-281. d0i:10.1111/bjhp.12352

Duan, H., Yuan, Y., Zhang, L., Qin, S., Zhang, K., Buchanan, T. W., & Wu, J. (2013). Chronic stress
exposure:decreases the cortisol awakening response in healthy young men. Stress, 16(6),
630-637. d0i:10.3109/10253890.2013.840579

Eisenhofer, G.,'Peitzsch, M., Kaden, D., Langton, K., Pamporaki, C., Masjkur, J., . .. Bornstein, S. R.
(2017). Reference intervals for plasma concentrations of adrenal steroids measured by LC-
MS/MS: Tmpact of gender, age, oral contraceptives, body mass index and blood pressure
status. Clin/Chim Acta, 470, 115-124. doi:10.1016/j.cca.2017.05.002

Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A,, Slavich, G. M., Puterman, E., & Mendes, W. B.
(2018)</More than a feeling: A unified view of stress measurement for population science.

Front Neureendocrinol, 49, 146-169. doi:https://doi.org/10.1016/j.yfrne.2018.03.001

Epel, E. S., LinjJ;"Dhabhar, F. S., Wolkowitz, O. M., Puterman, E., Karan, L., & Blackburn, E. H. (2010).
Dynamics of telomerase activity in response to acute psychological stress. Brain, Behavior,
and Immunity, 24(4), 531-539. doi:10.1016/j.bbi.2009.11.018

Epel, E. S,, Lin, J., Wilhelm, F. H., Wolkowitz, O. M., Cawthon, R., Adler, N. E., . .. Blackburn, E. H.
(2006). Cell aging in relation to stress arousal and cardiovascular disease risk factors.
Psychoneuroendocrinology, 31(3), 277-287. doi:10.1016/j.psyneuen.2005.08.011

Epel, E. S.;& Prather, A. A. (2018). Stress, Telomeres, and Psychopathology: Toward a Deeper
Understanding of a Triad of Early Aging. Annual Review of Clinical Psychology, 14(1), 371-
397.'doi:10.1146/annurev-clinpsy-032816-045054

Finsterwald, Ci&Alberini, C. M. (2014). Stress and glucocorticoid receptor-dependent mechanisms
in long-term memory: from adaptive responses to psychopathologies. Neurobiology of
learning'and memory, 112, 17-29. d0i:10.1016/j.nlm.2013.09.017

Flaherty, Rul:, Owen, M., Fagan-Murphy, A., Intabli, H., Healy, D., Patel, A., . .. Flint, M. S. (2017).
Glucocorticoids induce production of reactive oxygen species/reactive nitrogen species and
DNA damage through an iNOS mediated pathway in breast cancer. Breast Cancer Res, 19(1),
35. doi:10.1186/s13058-017-0823-8

Flint, M. SzsBaum, A., Chambers, W. H., & Jenkins, F. J. (2007). Induction of DNA damage, alteration
of DNA repair and transcriptional activation by stress hormones. Psychoneuroendocrinology,

32(5), 470-479. doi:10.1016/j.psyneuen.2007.02.013

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.yfrne.2018.03.001

Fries, E., Dettenborn, L., & Kirschbaum, C. (2009). The cortisol awakening response (CAR): Facts and
future directions. International Journal of Psychophysiology, 72(1), 67-73.
doi:https://doi.org/10.1016/].ijpsycho.2008.03.014

Garde, A. H., & Hansen, A. M. (2005). Long-term stability of salivary cortisol. Scand J Clin Lab Invest,
65(5),433-436. doi:10.1080/00365510510025773

Gardner, M.,Bann,\D., Wiley, L., Cooper, R., Hardy, R., Nitsch, D., . .. Ben-Shlomo, Y. (2014). Gender
and telomereilength: systematic review and meta-analysis. Exp Gerontol, 51, 15-27.
doi:10.1016/j.exger.2013.12.004

Gersten, 0. (2008). Neuroendocrine biomarkers, social relations, and the cumulative costs of stress
in Taiwan. Social science & medicine (1982), 66(3), 507-535.
doi:10.1046/j.socscimed.2007.09.004

Gillies, G. E., & McArthur, S. (2010). Estrogen actions in the brain and the basis for differential action
in menand women: a case for sex-specific medicines. Pharmacol Rev, 62(2), 155-198.
doi:10:1124/pr.109.002071

Goel, N., Workman, J. L., Lee, T. T., Innala, L., & Viau, V. (2014). Sex differences in the HPA axis.
Compr Physiol, 4(3), 1121-1155. doi:10.1002/cphy.c130054

Golden, S. H,, Wand, G. S., Malhotra, S., Kamel, I., & Horton, K. (2011). Reliability of hypothalamic-
pituitary-adrenal axis assessment methods for use in population-based studies. European
journaltef.epidemiology, 26(7), 511-525. doi:10.1007/s10654-011-9585-2

Gotlib, I. H'LeMoult, J., Colich, N. L., Foland-Ross, L. C., Hallmayer, J., Joormann, J., . . . Wolkowitz,
0. M. (2015). Telomere length and cortisol reactivity in children of depressed mothers. Mol
Psychiatry, 20(5), 615-620. doi:10.1038/mp.2014.119

Haussmann, M#FyLongenecker, A. S., Marchetto, N. M., Juliano, S. A., & Bowden, R. M. (2012).
Embryonicexposure to corticosterone modifies the juvenile stress response, oxidative stress
and telomere length. Proceedings. Biological sciences, 279(1732), 1447-1456.
d0i:20:2098/rspb.2011.1913

Hjelmborg,J. B., Dalgard, C., Méller, S., Steenstrup, T., Kimura, M., Christensen, K., . . . Aviv, A.
(2015). Theyheritability of leucocyte telomere length dynamics. J Med Genet, 52(5), 297-302.
doi:10.1136/jmedgenet-2014-102736

Jiang, Y., DayW., Qiao, S., Zhang, Q., Li, X., Ivey, G., & Zilioli, S. (2019). Basal cortisol, cortisol
reactivity;Jand telomere length: A systematic review and meta-analysis.
Psychoneuroendocrinology, 103, 163-172. d0i:10.1016/j.psyneuen.2019.01.022

Joels, M. (2006). Corticosteroid effects in the brain: U-shape it. Trends Pharmacol Sci, 27(5), 244-250.
doi:10.1016/j.tips.2006.03.007

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.ijpsycho.2008.03.014

Joseph, J. J., & Golden, S. H. (2017). Cortisol dysregulation: the bidirectional link between stress,
depression, and type 2 diabetes mellitus. Annals of the New York Academy of Sciences,
1391(1), 20-34. d0i:10.1111/nyas.13217

Kim, H. R., Moon, S., Lee, H. K., Kang, J. L., Oh, S., & Seoh, J. Y. (2012). Immune dysregulation in
chroniestress: a quantitative and functional assessment of regulatory T cells.
Neureimmunomodulation, 19(3), 187-194. doi:10.1159/000331586

Kyo, S., Takakura;"Mi;Kanaya, T., Zhuo, W., Fujimoto, K., Nishio, Y., . . . Inoue, M. (1999). Estrogen
activates telomerase. Cancer Res, 59(23), 5917-5921.

Kyo, S., Takakura, M., Kanaya, T., Zhuo, W., Fujimoto, K., Nishio, Y., . . . Inoue, M. (2000). Estrogen
activates telomerase (Vol. 59).

Lagranha, C. J; Silva, T. L. A., Silva, S. C. A, Braz, G. R. F., da Silva, A. |., Fernandes, M. P., & Sellitti, D.
F. (2018). Protective effects of estrogen against cardiovascular disease mediated via
oxidative stress in the brain. Life Sci, 192, 190-198. doi:10.1016/j.1fs.2017.11.043

Lee, D.-C., Imj;J:=A7, Kim, J.-H., Lee, H.-R., & Shim, J.-Y. (2005). Effect of long-term hormone therapy
on télomere length in postmenopausal women. Yonsei medical journal, 46(4), 471-479.
doi:10.3349/ym;.2005.46.4.471

Mathur, M. B., Epel,\E., Kind, S., Desai, M., Parks, C. G., Sandler, D. P., & Khazeni, N. (2016). Perceived
stress and telomere length: A systematic review, meta-analysis, and methodologic
considerations for advancing the field. Brain, Behavior, and Immunity, 54, 158-169.

doithttps://doi.org/10.1016/j.bbi.2016.02.002

McEwen, B. S. (2006). Protective and damaging effects of stress mediators: central role of the brain.
Dialogues in clinical neuroscience, 8(4), 367-381. Retrieved from

https://www.ncbi.nlm.nih.gov/pubmed/17290796

https://www.nebi.nIm.nih.gov/pmc/articles/PMC3181832/

McEwen, B. S. (2018). Redefining neuroendocrinology: Epigenetics of brain-body communication
over the life course. Front Neuroendocrinol, 49, 8-30. doi:10.1016/j.yfrne.2017.11.001

Montero-Lépez, E., Santos-Ruiz, A., Garcia-Rios, M. C., Rodriguez-Blazquez, M., Rogers, H. L., &
Peralta-Ramirez, M. I. (2018). The relationship between the menstrual cycle and cortisol
secretionzDaily and stress-invoked cortisol patterns. International Journal of

Psyehophysiology, 131, 67-72. doi:https://doi.org/10.1016/].ijpsycho.2018.03.021

Nawrot, T. S., Staessen, J. A., Gardner, J. P., & Aviv, A. (2004). Telomere length and possible link to X
chromosome. Lancet, 363(9408), 507-510. doi:10.1016/s0140-6736(04)15535-9

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.bbi.2016.02.002
https://www.ncbi.nlm.nih.gov/pubmed/17290796
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181832/
https://doi.org/10.1016/j.ijpsycho.2018.03.021

Oyola, M. G., & Handa, R. J. (2017). Hypothalamic—pituitary—adrenal and hypothalamic—pituitary—
gonadal axes: sex differences in regulation of stress responsivity. Stress, 20(5), 476-494.
doi:10.1080/10253890.2017.1369523

Ozgocer, T., Ucar, C., & Yildiz, S. (2017). Cortisol awakening response is blunted and pain perception
is increased during menses in cyclic women. Psychoneuroendocrinology, 77, 158-164.
doi:10.1016/j.psyneuen.2016.12.011

Rauch, S. A. MjKing;A., Kim, H. M., Powell, C., Rajaram, N., Venners, M., . . . Liberzon, I. (2020).
Cortisol awakening response in PTSD treatment: Predictor or mechanism of change.
Psychoneuroendocrinology, 118, 104714.
doi:https://doi.org/10.1016/j.psyneuen.2020.104714

Reschke-Hernandez, A. E., Okerstrom, K. L., Bowles Edwards, A., & Tranel, D. (2017). Sex and stress:
Men'and women show different cortisol responses to psychological stress induced by the
Trier social stress test and the lowa singing social stress test. Journal of Neuroscience
Research,"95(1-2), 106-114. doi:10.1002/jnr.23851

Révész, D., Milaneschi, Y., Terpstra, E. M., & Penninx, B. W. J. H. (2016). Baseline biopsychosocial
determinants of telomere length and 6-year attrition rate. Psychoneuroendocrinology, 67,

153-162. doi:https://doi.org/10.1016/j.psyneuen.2016.02.007

Ridout, K. K., Levandowski, M., Ridout, S. J., Gantz, L., Goonan, K., Palermo, D., . .. Tyrka, A. R.
(2017)karly life adversity and telomere length: a meta-analysis. Molecular Psychiatry, 23,
858:d0i:10.1038/mp.2017.26

https://www.nature.com/articles/mp201726#supplementary-information

Rizvi, S., Raza, SUTi"& Mahdi, F. (2014). Telomere length variations in aging and age-related diseases.
CurrAging Sci, 7(3), 161-167. doi:10.2174/1874609808666150122153151

Rutters, F., Pilz,'S., Koopman, A. D., Rauh, S. P., Te Velde, S. J., Stehouwer, C. D., . .. Dekker, J. M.
(2014). The association between psychosocial stress and mortality is mediated by lifestyle
and chronicdiseases: The Hoorn Study. Social Science & Medicine, 118, 166-172.
doi:https://doi.org/10.1016/j.socscimed.2014.08.009

Savolainen, K., Eriksson, J. G., Kajantie, E., Lahti, J., & Raikkonen, K. (2015). Telomere length and
hypothalamic-pituitary-adrenal axis response to stress in elderly adults.
Psyehoneuroendocrinology, 53, 179-184. doi:10.1016/j.psyneuen.2014.12.020

Schilling, T. M., Kélsch, M., Larra, M. F., Zech, C. M., Blumenthal, T. D., Frings, C., & Schachinger, H.
(2013). For whom the bell (curve) tolls: Cortisol rapidly affects memory retrieval by an
inverted U-shaped dose—response relationship. Psychoneuroendocrinology, 38(9), 1565-

1572. doi:https://doi.org/10.1016/j.psyneuen.2013.01.001

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.psyneuen.2020.104714
https://doi.org/10.1016/j.psyneuen.2016.02.007
https://www.nature.com/articles/mp201726#supplementary-information
https://doi.org/10.1016/j.socscimed.2014.08.009
https://doi.org/10.1016/j.psyneuen.2013.01.001

Schutte, N. S., & Malouff, J. M. (2016). The Relationship Between Perceived Stress and Telomere
Length: A Meta-analysis. Stress and Health, 32(4), 313-319. d0i:10.1002/smi.2607
Shammas, M. A. (2011). Telomeres, lifestyle, cancer, and aging. Current opinion in clinical nutrition
and metabolic care, 14(1), 28-34. doi:10.1097/MCO.0b013e32834121b1

Soung, N. Ks; &Kim, B. Y. (2015). Psychological stress and cancer. Journal of Analytical Science and
Technology; 6(1), 30. doi:10.1186/540543-015-0070-5

Steptoe, A., & Serwinski, B. (2016). Chapter 34 - Cortisol Awakening Response. In G. Fink (Ed.), Stress:
Concepts, Cognition, Emotion, and Behavior (pp. 277-283). San Diego: Academic Press.

Stress related disorders and risk of cardiovascular disease: population based, sibling controlled
cohort study. (2019). BMJ, 365, 11850. doi:10.1136/bmj.11850

Stroud, L. R., Salovey, P., & Epel, E. S. (2002). Sex differences in stress responses: social rejection
versusachievement stress. Biol Psychiatry, 52(4), 318-327. doi:10.1016/s0006-
3223(02)01333-1

Tomiyama, A7), 0'Donovan, A,, Lin, J., Puterman, E., Lazaro, A., Chan, J,, . .. Epel, E. (2012). Does
cellular aging relate to patterns of allostasis? An examination of basal and stress reactive
HPA axis activity and telomere length. Physiol Behav, 106(1), 40-45.
doi:10.1016/j.physbeh.2011.11.016

Tomiyama, A. J., O'Donovan, A,, Lin, J., Puterman, E., Lazaro, A., Chan, J., . .. Epel, E. (2012). Does
cellularaging relate to patterns of allostasis?: An e’ xamination of basal and stress reactive
HPA"axis activity and telomere length. Physiol Behav, 106(1), 40-45.
doi:https://doi.org/10.1016/j.physbeh.2011.11.016

Townsley, D.'M., Dumitriu, B., Liu, D., Biancotto, A., Weinstein, B., Chen, C,, ... Young, N. S. (2016).
DanazolTreatment for Telomere Diseases. N Engl J Med, 374(20), 1922-1931.
doi:10.1056/NEJMo0al515319

V, S., Deshpande; A7, & Barve, S. (2014). Reduction in the Telomere Length in Human T-Lymphocytes
onvexposure to Cortisol (Vol. 4).

Van Cauter, E., Leproult, R., & Plat, L. (2000). Age-related changes in slow wave sleep and REM sleep
and relationship with growth hormone and cortisol levels in healthy men. Jama, 284(7), 861-
868.'d0i:10.1001/jama.284.7.861

Vastbinder;M., Kuindersma, M., Mulder, A. H., Schuijt, M. P., & Mudde, A. H. (2016). The influence
of oral contraceptives on overnight 1 mg dexamethasone suppression test. Neth J Med,
74(4), 158-161.

Violanti, J. M., Fekedulegn, D., Andrew, M. E., Charles, L. E., Gu, J. K., & Miller, D. B. (2018).

Subclinical Markers of Cardiovascular Disease Among Police Officers: A Longitudinal

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.physbeh.2011.11.016

Assessment of the Cortisol Awakening Response and Flow Mediated Artery Dilation. Journal
of occupational and environmental medicine, 60(9), 853-859.
doi:10.1097/J0M.0000000000001358

von Zglinicki, T. (2002). Oxidative stress shortens telomeres. Trends in Biochemical Sciences, 27(7),

339-344.doi:https://doi.org/10.1016/5S0968-0004(02)02110-2

Walvekar, S. S., Ambekar, J. G., & Devaranavadagi, B. B. (2015). Study on serum cortisol and
perceived'stress scale in the police constables. Journal of clinical and diagnostic research :
JCDR, 9(2), BC10-BC14. doi:10.7860/JCDR/2015/12015.5576

Weng, Q., Du, J., Yu, F.,, Huang, T., Chen, M., Lv, H., . .. Shen, H. (2016). The known genetic loci for
telomere length may be involved in the modification of telomeres length after birth.
Scientificareports, 6, 38729-38729. doi:10.1038/srep38729

Westfall, P. H.,& Tobias, R. D. (2007). Multiple Testing of General Contrasts. Journal of the American
Statistical Association, 102(478), 487-494. d0i:10.1198/016214506000001338

Whittemore,K:;'Vera, E., Martinez-Nevado, E., Sanpera, C., & Blasco, M. A. (2019). Telomere
shortening rate predicts species life span. Proc Natl Acad Sci U S A, 116(30), 15122-15127.
doi:10.1073/pnas.1902452116

Woody, A., Hamilton, K., Livitz, I. E., Figueroa, W. S., & Zoccola, P. M. (2017). Buccal telomere length
and its associations with cortisol, heart rate variability, heart rate, and blood pressure
responses,to an acute social evaluative stressor in college students. Stress, 20(3), 249-257.
dei®10.1080/10253890.2017.1328494

Yeap, B. B., Hui, J., Knuiman, M. W., Handelsman, D. J., Flicker, L., Divitini, M. L., . . . Beilby, J. P.
(2019). Cross-sectional associations of sex hormones with leucocyte telomere length, a
markerofibiological age, in a community-based cohort of older men. Clin Endocrinol (Oxf),

90(4),562-569. doi:10.1111/cen.13918

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/S0968-0004(02)02110-2

Table 1 Summary statistics (Mean (SD)) of study populatariebles.

Variable Total (n=51) Sex Test P
statistic
Male(n=28) Female(n=23)
Age(years) 24.3(4.6) 24.0(3.9) 24.7(5.4) 1.48 0.21
PSS _Total 15.3(7.9) 14.2(8.2) 16.8(7.5) 0.67 0.42
CAR(AUC) 0.46(0.21) 0.45(0.22) 0.46(0.21) 0.16 0.87
Telomere length 4127.1(2989.4) 3843.7(3139.1) 4477.8(2829.1) 0.75 0.46
Ln (Telomere 7.92351(1.019) 7.79387(1.069) 8.08402(0.955) 1.01 0.32

length)

T Outcome variable (natural logarithm (Ln) of telomere lengths). PSS _Total total perceived

stress score. SD Standard deviation
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Table 2 Effects of CAR on telomere lengths for trends césnaind females.

Parameter Num Den F statistic P R2 Root MSE
DF DF

SmoothCAR 6 37 3.04 0.09

Sex (female) 1 37 0.29 0.94 0.35 0.97

SmoothCAR*Sex 6 37 2.74 0.03

SmoothCAR'Smooth Bpline function for the variable “CAR”, Sex Dummy coded variable(reference=male), Num

DF Numerator degree of freedom, Den DF Denominatgrekzof freedom, MSE Mean square error or residual

mean square.

This article is protected by copyright. All rights reserved



Table 3 Post-fitting analyses for CAR values trends cdggfar males and females.

CAR value | Estimate SE P Adjusted P
0.20 0.59 1.15 0.61 0.84
0.25 1.38 0.73 0.07 0.18
0.27 1.60 0.58 0.009 0.030
0.30 1.71 0.49 0.001 0.004
0.35 1.24 0.49 0.016 0.048
0.40 0.25 0.47 0.60 0.84
0.45 £0.79 0.50 0.12 0.32
0.50 =1.42 0.59 0.02 0.06
0.55 -1.21 0.68 0.08 0.22
0.60 -0.26 0.93 0.78 0.95
0.65 0.84 1.26 0.51 0.75
0.70 1.48 1.34 0.28 0.47
0.75 1.04 0.98 0.29 0.50
0.80 -0.67 0.89 0.46 0.70
0.85 =2.47 1.81 0.18 0.43
0.90 =2.86 2.20 0.20 0.43
0.95 -0.34 1.46 0.81 0.97
1.0 2.02 1.46 0.17 0.32
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