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Resilience is the cornerstone to mental health, and entails multiple

biological and psychological mechanistic processes. However, the interplay
of the psychobiological processes in shaping resilience is unclear. Here we
report the results of testing whether an acute cortisol response and positive
affectivity traits moderate the relationship between participants’ five-year
major life stress and current psychological symptoms. The participants
comprised 147 individuals (93 females and 54 males, age = 24-45 years)
without clinical diagnosis. Acute stress was induced using the Trier Social
Stress Task. We found that both the cortisol response to anticipatory acute
stress and positive affectivity moderated the stress-symptom relationship.
Specifically, a positive relationship between life stress and current
symptoms was only observed at low, but not high, levels of cortisol response
and positive affectivity. Moreover, the moderating effect of cortisol
response was only observed at alow level of trait positive affectivity. These
results unravel how the biological and emotional processes of the stress
response interact to shape resilience to major life stress.

Chronicstress causes overarching adverse consequences for mental
health’. Past studies have suggested that major life stress predicted
subsequent major depression?, and associated closely with the
onset of anxiety disorders, addiction and suicide®**. On the other
hand, individuals with high stress resilience are, by definition, more
immune to negative stress-related mental health consequences’.
Accumulating evidence suggests that resilience has both biological
and psychological markers that could help identify individuals with
differential vulnerability to chronic stress®’. For example, individual

differencesin cortisol responses to chronic stress predicted depres-
sive and anxiety symptoms>.

Stress triggers multi-faceted biological responses, primarily by
activating the hypothalamus-pituitary-adrenal (HPA) axis, which
induces secretion of cortisol as part of the adaptation process to envi-
ronmental challenges®. Cortisol triggers widespread downstream
effects on biological and emotional systems’. For example, cortisol
exertsimportant regulatory functions on the amygdala, hippocampus
and prefrontal cortex, which may mediate its acute and long-term

'State Key Laboratory of Brain and Cognitive Sciences, The University of Hong Kong, Hong Kong SAR, China. 2Laboratory of Neuropsychology and Human
Neuroscience, The University of Hong Kong, Hong Kong SAR, China. *Affiliated Brain Hospital of Guangzhou Medical University, Guangzhou, China.
“Department of Rehabilitation Sciences, The Hong Kong Polytechnic University, Hong Kong SAR, China. *Mental Health Research Center, The Hong Kong
Polytechnic University, Hong Kong SAR, China. ®Department of Psychology, The Education University of Hong Kong, Hong Kong SAR, China. "Centre for
Psychosocial Health, The Education University of Hong Kong, Hong Kong SAR, China. ®Sleep Research Clinic and Laboratory, Department of Psychology,
The University of Hong Kong, Hong Kong SAR, China. °Department of Computing, The Hong Kong Polytechnic University, Hong Kong SAR, China. '°Li Chiu
Kong Family Sleep Assessment Unit, Department of Psychiatry, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong SAR, China.

"These authors contributed equally: Robin Shao, Idy S. C. Man.

e-mail: tmclee@hku.hk

Nature Mental Health | Volume 1| February 2023 | 114-123

14


http://www.nature.com/NatMentHealth
https://doi.org/10.1038/s44220-023-00016-0
http://orcid.org/0000-0003-1402-2318
http://orcid.org/0000-0002-5745-5474
http://orcid.org/0000-0002-9992-6609
http://crossmark.crossref.org/dialog/?doi=10.1038/s44220-023-00016-0&domain=pdf
mailto:tmclee@hku.hk

Article

https://doi.org/10.1038/s44220-023-00016-0

effects on affective response and regulation®. Importantly, existing
evidenceindicates that more pronounced cortisol responses to acute
stress are associated with, and prospectively predicted, resilience to
chronic life stress over a four-year period'®. Moreover, the offspring
of mothers with post-traumatic stress disorder (PTSD), who may pos-
sessincreased risk for psychopathology, exhibited areduced cortisol
response to acute stress compared to offspring of non-PTSD mothers".
Thesefindings collectively indicate cortisol response to acute stress is
abiological marker of resilience to chronic stress’.

On the psychological level, past evidence suggests that better
mental health outcomes following chronic stress are associated with
more positive affectivity'?, which refers to the trait of being joyful, inter-
estedand contented in life. Positive affectivity involves positive affect
and positive emotion regulation strategies. A higher level of positive
affect was previously found to ‘buffer’ the association between chronic
life stress and affective symptoms among young adults, such that the
positive relationship between chronic stress and affective symptoms
was only observed amongindividuals with low positive affect, but not
among those with high positive affect”. On the other hand, negative
affect showed no significant moderating effect, suggesting that posi-
tive affect may be particularly important for maintaining good mental
health under chronic life stress’. Furthermore, trait positive affect
prospectively predicted fewer psychological symptoms six months
later among adolescents coping with type-1diabetes™.

One positive emotion regulation strategy is positive reappraisal,
or reframing, which entails the tendency to reinterpret adverse situa-
tions in positive or meaningful manners®. A greater tendency towards
positive reappraisal prospectively predicted reduced lifetime likeli-
hood of developing PTSD in combat veterans'®, and was associated
withbetter psychosomatic adjustment after surviving a natural disas-
ter”. Furthermore, among women newly diagnosed with cancer, both
positive affect and positive reappraisal were associated with better
self-reported quality of life's,

Another positive emotion regulation strategy is positive refocus-
ing, which involves steering one’s attention away from the adverse
event towards other positive stimuli®. A higher tendency towards posi-
tive refocusing was previously found to protect against both depres-
sion and anxiety symptoms®°. Among patients with hypertension,
positive refocusing at baseline predicted lower levels of depressive
symptoms six months later”’. Among young adults, greater use of posi-
tive refocusing was associated with better psychological adaptation
to life adversity*’. Therefore, positive affect, positive reappraisal and
positive refocusing are strong candidate psychological markers for
resilience to chronic stress. Although these traits are related, they are
conceptually distinct from each other, as positive affect refers to one’s
chronic emotional status, whereas positive reappraisal and refocusing
aretwo differentemotionregulation strategies, respectively involving
cognitive reframing of events and redirecting one’s attentions.

Although existing evidence indicates that both the acute cortisol
response and trait positive affectivity are candidate stress resilience
markers, no study has investigated how they interact in relation to
resiliencetolife stress. Thisis particularlyimportant given that stress
responses are multisystemic in nature and entail interacting, coordi-
nated psychobiological processes®. To achieve this aim, we induced
acute stress using the well-established Trier Social Stress Test (TSST)**
on a sample of adults without major clinical diagnoses, to boost the
generalizability of our findings to wider populations. Resilience was
definedinrelation to mental health outcome following major life stress,
andindividuals who maintained good mental health (fewer symptoms)
despite experiencing life stress were considered resilient. Following
this, variables that reduced the positive relationship between life stress
and mental healthsymptoms were considered resilience markers'™. Our
primary hypothesis was that higher cortisol responses to acute stress
and trait positive affectivity would reduce the positive relationship
between major life stress and mental health symptoms. Our secondary

hypothesis was that the moderating effect of cortisol response on
the life stress-symptom relationship would further depend on trait
positive affectivity.

Results

Descriptive demographic analyses

The dataanalysesincluded 147 participants (93 females and 54 males;
see Supplementary Section 3 for the participant exclusion flow dia-
gram). The meanage was 30.2 years (range = 24-45 years, standard devi-
ation (s.d.) = 4.6 years). Participants reported 1.1 major life stress events
onaverage (range = 0-7,s.d. =1.3). Their mean Symptom Checklist-90
(SCL-90) total score was 37.8 (s.d. =34.7). Age (Spearman’s p = 0.03
and 0.04, P> 0.66) and sex (Mann-Whitney U test Z=1.60 and 1.71,
P> 0.08) had no significant association with the number of major life
stress events, or with SCL-90 score.

Descriptive correlation analyses

Cortisol and positive affectivity correlations. See Supplementary
Section 4 for the participants’ mean and individual cortisol response
trajectory. Controlling for the pre-TSST (T,) cortisol level, anticipatory
(T; minus T,) and peak (T, minus T,) cortisol responses showed no
significant correlation with trait positive affectivity, including posi-
tive affect, positive reappraisal and positive refocusing (|Spearman’s
p1<0.08, P>0.28 and |Spearman’s p| < 0.11, P> 0.22, respectively).
The three trait measures showed significant correlations with each
other: positive affect and positive reappraisal, Spearman’s p = 0.46,
P<0.001; positive affect and positive refocusing, Spearman’s p = 0.20,
P=0.02; positive reappraisal and positive refocusing, Spearman’s
p=0.37,P<0.001.

Life stress and SCL-90 correlation. As expected, major life stress
(Spearman’s p = 0.37, P< 0.001) was associated significantly with the
total SCL-90 score, even after controlling for daily hassle score (Spear-
man’s p =0.30, P<0.001). Major life stress and daily hassle score cor-
related significantly with each other (Spearman’s p = 0.24, P = 0.004).

Cortisol, positive affectivity and SCL-90 correlation. Control-
ling for the pre-TSST (T,) cortisol level, anticipatory and peak corti-
sol responses showed no significant correlation with SCL-90 score
(P> 0.06). Of the psychological variables of interest, positive affect
negatively correlated with SCL-90 total score (Spearman’s p=-0.36,
P<0.001). Positive reappraisal showed a trend of negatively correlat-
ing with the SCL-90 score (Spearman’s p = —0.14, P= 0.08). Positive
refocusing showed no correlation with the SCL-90 score (P> 0.85).

TSST effect

Cortisol. Linear mixed-effect analysis revealed a significant main
effect of time (F,, 55 =41.90, P< 0.001). Apost hoc paired-sample ¢-test
revealed asignificantincrease of salivary cortisol level from pre-TSST
(T,) toimmediately after TSST (T5) (¢, = 8.65, P<0.001), which then
showed a trend of increase again at 20 min after TSST (7,) (t,,, =1.91,
P=0.06).

Profile of mood states. The total mood disturbance score computed
from the Profile of Mood States (POMS) subscales showed a significant
main effect of time (F, 1,6 =41.25, P<0.001), indicating a significant
increase of negative mood after TSST compared to before TSST.

Moderating the stress-symptom relationship

Cortisol. We foundthat the anticipatory cortisol response (7; minus 7T,)
significantly and negatively moderated the relationship between
major life stress and SCL-90 score (F; 13, = 5.12, bootstrapped confi-
denceinterval (CI) =-10.6462to-0.9843, P= 0.04), while controlling
for pre-TSST (T,) cortisol level and daily hassle. Follow-up analysis
revealed that, at alower increase of cortisol during anticipatory stress,
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Fig.1| The moderating effect of anticipatory cortisol response to acute
stress on the relationship between life stress and SCL-90 score. This
moderating analysis was conducted using the PROCESS macro implemented

in SPSS (pre-set Model No. 1). The test was two-sided. We conducted a Holm-
Bonferroni correction procedure to adjust for the two types of cortisol response
(anticipatory and peak) analysed. The anticipatory cortisol response (7, minus
T,) significantly and negatively moderated the relationship between major life
stress and SCL-90 score (F, 3, = 5.12, bootstrapped Cl = -10.6462 to —0.9843,
P=0.04), while controlling for pre-TSST (T) cortisol level and daily hassle. At
alower cortisol response, major life stress correlated positively with SCL-90
score (Spearman’s p = 0.47, P= 0.001). This relationship became a positive trend
atanintermediate level of cortisol increase (Spearman’s p = 0.26, P= 0.07),

and insignificant at a high level of cortisol increase (P=0.82). The relationship
is plotted separately for participants with low, medium and high levels of
anticipatory cortisol response, divided according to 33% and 67% percentiles.
Note that the xand y axes include negative values due to the intercept and
nuisance variables being regressed out from the dependent and independent
variables in the partial correlation analysis. **P < 0.001; **P < 0.01; *P< 0.05;
NS, notsignificant.

major life stress correlated positively with SCL-90 score (Spearman’s
p=0.47, P=0.001). This relationship became a positive trend at an
intermediate level of cortisol increase (Spearman’s p = 0.26, P= 0.07),
and was insignificant at a high level of cortisol increase (P=0.82)
(Fig.1). The peak cortisol response (T, minus T,) did not significantly
moderate the relationship between major life stress and SCL-90 score
(bootstrapped P> 0.1).

Positive affectivity. Positive affect negatively moderated the relation-
ship between major life stress and SCL-90 score (F; 3, =2.71, boot-
strapped CI=-1.4000t0-0.0075, P= 0.05), while controlling for daily
hassle. Follow-up analysis revealed that, at alow level of positive affect,
major life stress correlated positively with SCL-90 score (Spearman’s
p=0.33, P=0.02). This relationship became a positive trend at an
intermediate level of positive affect (Spearman’s p = 0.26, P=0.09),
and insignificant at a high level of positive affect (P=0.71) (Fig. 2).

A similar negative moderating effect was observed for posi-
tive refocusing (Fy 130 = 3.69, bootstrapped CI=-5.3073 to —0.5542,
P=0.04), while controlling for daily hassle. Follow-up analysis revealed
that, at alow level of positive refocusing, major life stress correlated
positively with SCL-90 score (Spearman’s p = 0.52, P= 0.01). This rela-
tionship became a positive trend at an intermediate level of positive
refocusing (Spearman’s p = 0.19, P=0.08), and insignificant at a high
level of positive refocusing (P = 0.29) (Fig. 3).

Positive reappraisal did not significantly moderate the relationship
between major life stress and SCL-90 score (bootstrapped P> 0.34).
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Fig. 2| The moderating effect of trait positive affect on the relationship
between life stress and SCL-90 score. This moderating analysis was conducted
using the PROCESS macro implemented in SPSS (pre-set Model No.1). The

test was two-sided. As we analysed only one measure of positive affect, no
multiple-testing correction was conducted. Positive affect negatively moderated
the relationship between major life stress and SCL-90 score (F; 130 =2.71,
bootstrapped Cl =-1.4000 to -0.0075, P = 0.05), while controlling for daily
hassle. At alow level of positive affect, major life stress correlated positively with
SCL-90 score (Spearman’s p = 0.33, P=0.02). This relationship became a positive
trend at an intermediate level of positive affect (Spearman’s p = 0.26, P= 0.09),
and was insignificant at a high level of positive affect (P= 0.71). The relationship
is plotted separately for participants with low, medium and high levels of
positive affect, divided according to 33% and 67% percentiles. Note that the
xandyaxesinclude negative values due to the intercept and nuisance variables
being regressed out from the dependent and independent variables in partial
correlation analysis. **P < 0.001; **P < 0.01; *P < 0.05; NS, not significant.

Moderated moderating effect

Positive affect. We further tested whether the moderating effect of
cortisol on the life stress-symptom relationship was in turn mod-
erated by trait positive affectivity. Moderated moderating analyses
revealed that the moderating effect of cortisol was further moderated
by positive affect (F, 135 =3.97, bootstrapped CI = 0.0204 to 2.0364,
P=0.05). Specifically, the negative moderating effect of cortisol was
only observed at alow level of positive affect (F, ,, = 7.57,bootstrapped
Cl=-21.5529t0-5.0381, P=0.005), but not at anintermediate or high
level of positive affect (bootstrapped P> 0.35) (Fig. 4a). Follow-up
analysesrevealed that at alow level of positive affect, major life stress
correlated positively with SCL-90 score (Spearman’s p = 0.63, P= 0.01)
amongthose with alow cortisol response, showing a trend of correlat-
ing withthe SCL-90 score (Spearman’s p = 0.39, P= 0.06) among those
with amedium cortisol response, and insignificantly among those with
ahigh cortisol response (Spearman’s p = —0.18, P = 0.59).

Positive reappraisal. In addition, the moderating effect of cortisol was
further moderated by positive reappraisal (F, ;3= 5.28, bootstrapped
CI=0.5133t0 8.0221, P=0.04). Specifically, the negative moderat-
ing effect of cortisol was observed at a low level (F, ;3=5.50, boot-
strapped Cl =-21.5859 to -1.3569, P = 0.04) and an intermediate level
(Fy, s5s=4.85,bootstrapped Cl=-19.7838t0 -0.3268, P= 0.04) of positive
reappraisal, but not at a high level (bootstrapped P = 0.45) (Fig. 4b).
Follow-up analyses revealed that, at alow level of positive reappraisal,
major life stress correlated positively with SCL-90 score (Spearman’s
p=0.704, P=0.003) among those with a low cortisol response, insig-
nificantly (Spearman’s p = 0.35, P= 0.20) among those withamedium
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Fig. 3| The moderating effect of trait positive refocusing on the relationship
between life stress and SCL-90 score. This moderating analysis was conducted
using the PROCESS macro implemented in SPSS (pre-set Model No. 1). The

test was two-sided. We conducted a Holm-Bonferroni correction procedure

to adjust for the two types of positive emotion regulation strategy (positive
reappraisal and refocusing) analysed. Positive refocusing significantly and
negatively moderated the relationship between major life stress and SCL-90
score (F; 130 =3.69, bootstrapped Cl = -5.3073 to —0.5542, P = 0.04), while
controlling for daily hassle. At alow level of positive refocusing, major life

stress correlated positively with SCL-90 score (Spearman’s p = 0.52, P= 0.01).
This relationship became a positive trend at an intermediate level of positive
refocusing (Spearman’s p = 0.19, P= 0.08), and insignificant at a high level

of positive refocusing (P=0.29). The relationship is plotted separately for
participants with low, medium and high levels of positive refocusing, divided
accordingto 33% and 67% percentiles. Note that the xand y axes include
negative values due to the intercept and nuisance variables being regressed out
from the dependent and independent variables in partial correlation analysis.
***P<0.001;**P<0.01;*P < 0.05.

cortisol response, and negatively with SCL-90 score among those
with a high cortisol response (Spearman’s p =-0.58, P=0.03). At an
intermediate level of positive reappraisal, major life stress showed a
trend of correlating positively with SCL-90 score (Spearman’s p = 0.48,
P=0.09) among those with alow cortisol response, and insignificantly
amongthose withamediumor highlevel of cortisol response (P> 0.32).

Positive refocusing. The moderating effect of cortisol was not signifi-
cantly moderated by positive refocusing (F; 135 = 0.82, bootstrapped
P>0.36).

Discussion

In this Article we have revealed the effects of anticipatory cortisol
response and trait positive affectivity on resilience to major life
stress. Specifically, major life stress was positively correlated with
participants’ current psychological symptoms, but only among those
with a low cortisol response to anticipatory stress, or with low trait
positive affectivity. On the contrary, for individuals with medium
or high levels of cortisol response or trait positive affectivity, the
stress-symptom association reduced in a dose-dependent manner.
We additionally discovered that the effect of cortisol response was
further dependent onthe level of trait positive affectivity. Specifically,
positive association between major life stress and current symptoms
was only observed at low levels of both cortisol response and posi-
tive affectivity. These results have unravelled the intricate interplay
between the biological and trait affective processes in relation to
major life stress resilience.

Emerging evidence indicates anassociation betweenindividuals’
anticipatory cortisol response to acute stress and their psychobiologi-
cal outcomes following chronic stress. For example, one study found
thatthe anticipatory cortisol response to the TSST mediated the effect
of perceived stress and oxidative stress damage among women who
cared for demented spouses, implicating a key role for the anticipa-
tory cortisol system in underpinning the accumulative biological
effects of chronic stress®. Moreover, the offspring of PTSD mothers,
who were considered more vulnerable to developing stress-related
psychological illnesses, exhibited a ‘flattened’ anticipatory stress
response compared to offspring of non-PTSD mothers". However, nei-
ther of those studies explicitly quantified the participants’ resilience
tolife stress. Our results demonstrate that a high anticipatory cortisol
response nullified the pattern of increased psychological symptoms
after experiencing greater levels of major life stress, indicating a pro-
tective role of the high-reactive cortisol system when the individual
prepares for encountering acute stress. It is known that anticipation
prior to actual occurrence of the stressor effectively activates the
HPA axis, which in turninduces coordinated biological and affective
responses and allows the individual to better adjust to the stressful
environment”®. During acute stress, the elevation in cortisol levels
increases alertness” and regulates energy metabolism and output?,
preparing the body to engage in an adaptive ‘fight-or-flight’ response
and achieve better performance?. Inthe longer term, this better adap-
tation to acute stress due to a greater anticipatory cortisol increase
was found to dampen the effect of peer victimization in increasing
rumination and depressive symptoms one year later*°. On the con-
trary, the blunted anticipatory cortisol response was associated with
major depression®, increased genetic risk for major depression®, and
schizophrenia®. Thus, converging evidence suggests that a potent
anticipatory cortisol response to acute stress represents a biologi-
cally adaptive system that protects an individual from mental health
damage following major life stress.

We did not find a significant effect of peak cortisol response on
resilience. Past findings on this association were inconsistent. Peak
cortisol change was not associated with oxidative stress damage among
chronically stressed women?, and was not related to a questionnaire
measure of resilience among male students®. However, the peak corti-
sol change predicted afour-year trajectory of resilience among police
officers'. Although multiple discrepancies in participant character-
istics and resilience measurement preclude conclusions based on
previous findings, our current results suggest that anticipatory and
peak cortisol responses may have differential correlates withresilience
to major life stress. This is consistent with the previously proposed
separation of indirect activation of the HPA axis, which delivers stress
anticipation signals, and direction activation of the HPA axis, which
delivers stress reaction signals®.

Consistent with existing evidence indicating the protective
effects of positive affectivity trait on mental health following major
life stress">?*, we observed that both positive affect and positive refo-
cusing ‘buffered’ the relationship between life stress and psychological
symptoms. It has long been recognized that the ability to maintain a
positive prospect during chronic stress is key to resilience®. In our
study, positive affect and positive refocusing correlated positively
with each other. On the one hand, the strategy of shifting one’s atten-
tion away from aversive events towards other positive aspects of life
may boost resilience by enhancing general positive emotions. On the
other hand, based on past studies showing an association between trait
positive affect and attention control”, it could also be that individuals
with higher trait positive affect are more able to (re)direct their atten-
tionto maintain focus on positive aspects, even under major life stress.
Regardless, converging evidence suggests that positive affectivity,
which is related to greater sensitivity to rewards and better capacity
of attending to positive aspects, is a core characteristic of resilience
to chronicstress.

Nature Mental Health | Volume 1| February 2023 | 114-123

1m7


http://www.nature.com/NatMentHealth

Article

https://doi.org/10.1038/s44220-023-00016-0

Positive affect Cortisol

Positive

. Cortisol
reappraisal

Life stress SCL-90

Life stress SCL-90

Low: bootstrapped Cl = [-21.5529, -5.0381]**; medium/high: NS

Fig. 4| The moderated moderating analysis results. a,b, The trait positive
affect (a) and positive reappraisal (b) moderated the moderating effect of
anticipatory cortisol response on the relationship between life stress and SCL-
90. This moderated moderating analysis was conducted using the PROCESS
macro implemented in SPSS (pre-set Model No. 3). The test was two-sided.

We conducted a Holm-Bonferroni correction procedure to adjust for the two
types of positive emotion regulation strategy analysed. Ina, the moderating
effect of cortisol is seen to be further moderated by positive affect (F 135=3.97,
bootstrapped Cl = 0.0204 t02.0364, P=0.05). The negative moderating

Low: bootstrapped CI = [-21.5859, -1.3569]*;
medium: bootstrapped Cl = [-19.7838, -0.3268]*; high: NS

effect of cortisol was only observed at alow level of positive affect (F, ,,=7.57,
bootstrapped Cl =-21.5529 to -5.0381, P=0.005), but not at an intermediate or
highlevel of positive affect (bootstrapped P> 0.35). In b, the moderating effect
of cortisol was also moderated by positive reappraisal (F ;3= 5.28, bootstrapped
CI=0.5133t08.0221, P= 0.04). The negative moderating effect of cortisol

was observed atalow level (F, ;3= 5.50, bootstrapped Cl =-21.5859 to -1.3569,
P=0.04) and intermediate level (F; 5; = 4.85, bootstrapped Cl = -19.7838 to
-0.3268, P=0.04) of positive reappraisal, but not at a high level (bootstrapped
P=0.45).**P<0.001;*P< 0.0L *P < 0.05.

) < 8 q
b i © ©
° 2 e 2
— hod =}
g 8 o 9% 88 g 8 g 8
£ 8B gt ©s ¢ 8 = =
< 14:00 15:45
to to
15:00 16:00
Screening TSST
[ ] [ ] [ ] [
Saliva collection T, T, Ty T,
A A A A A A
Demographic and questionnaire data collection Demographics POMS1 POMS2 CAS SCL-90 LS|
COPE DHS
CERQ

Fig.5|Study procedure timeline. The indicated times of the day were mostly fixed for each participant. Inter-participant timing shifts did not exceed 20 min.
The timing intervals between different experimental phases were also fixed for each participant.

We did not find a significant moderating effect of positive reap-
praisal onthe stress-symptom relationship, despite previous studies
reporting suchalink'®’®, Many previous studies reporting a relationship
between positive reappraisal/reframing and resilience were conducted
onspecial populations, such as combat veterans'®, victims of anatural
disaster” and newly diagnosed cancer patients™. It could be that bet-
ter cognitive reappraisal/reframing ability is particularly important
for mental health following certain types of life stress. The different
mental health outcome measures may alsoaccount for the discrepancy.
Although past studies assessed PTSD onset, psychosomatic distur-
bance and quality of life as outcomes, we comprehensively measured
participants’ psychological symptomes. It remains to be determined
by future studies whether cognitive reappraisal/reframing may be
differentially linked to resilience depending on the type of life stress
and nature of health outcome.

We did not find significant correlation between positive affect
and acute cortisol responses, contrary to the findings of previous
studies®. Several discrepancies in the positive affect measure and
nature of the acute stress task may explain the finding difference.
The direct association between anticipatory cortisol response and
SCL-90 score also did not reach the level of significance. This result

was consistent with a previous study with asimilar sample size, which
found no significant relationship between mood symptoms and
cortisol reactivity to the TSST.

The core results of our study are that the association between
cortisol response and resilience is further dependent on trait positive
affectivity. To the best of our knowledge, such an interactive effect of
stress-related biological and trait affective processes onresilience has
never been studied before, but is highly pertinent to understanding
the integrated psychobiological systems underpinning resilience.
In animals and humans, cortisol release following acute stress acts
on glucocorticoid receptors in the brain, exerting a regulatory influ-
ence on cellular functions that may last beyond the timescale of the
stressor*®, The glucocorticoid receptors are densely located in the
brain limbic circuitries involved in emotion regulation®. In addition,
cortisol exerts an indirect influence on the brain reward system via
modulating dopaminergic circuitries**>. Therefore, a blunted cortisol
response may cause maladaptive emotion processing and regulation
functions withinkey neural circuitries. However, such deficiencies may
be compensated by a high positive affectivity trait, possibly mediated
by direct enhancement of dopaminergic functions, as well as func-
tional interactions between the dopaminergic circuitries and limbic
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Descriptive demographic analyses

Descriptive statistics: Age, sex, life stress, SCL-90

Correlation analyses: Age/sex with life stress/SCL-90

|

Descriptive correlation analyses

Cortisol and positive affectivity correlations

Life stress and SCL-90 correlation

Cortisol, positive affectivity and SCL-90 correlation

|

TSST effect

Linear mixed effect analysis: Cortisol (three timepoints)

Linear mixed effect analysis: POMS (two timepoints)

|

Moderating stress-symptom relationship

Cortisol (anticipatory and reactive)

Positive affectivity traits

|

Moderated moderating effect

Positive affect

Positive reappraisal

Positive refocusing

Fig. 6 | Data analysis plan. The data analysis pipeline.

networks*, The reason we did not observe a significant moderating
effect of positive refocusing on the cortisol-resilience relationship is
unclear. It could be that affective attention has a separate and parallel
biological mechanism to the cortisol system. For example, a recent
study showed that pharmacological challenge to the cholinergic sys-
tem altered participants’ affective attention function*.

Onerecent review highlighted various confounding factors that
may affect psychobiological responses to the TSST, including the
acclimation period before TSST, time of day, mood measure (subjec-
tive versus objective) and TSST panel sex composition®. In this study,
we adhered to the most standard TSST protocol by (1) having partici-
pants physically rest for over an hour after arriving at the laboratory,
(2) delivering TSST at a mostly fixed time (15:45 to 16:00) across all
participants, and (3) having both male and female panel members for

each participant. Althoughwe collected no objective affective response
data, the expected mood changes in response to the TSST supported
the validity of the self-reported mood measure.

Several limitations need to be noted. First, the current findings may
not fully generalize to individuals who developed clinical conditions
following major life stress. The averaged major life stress reported by
participants was relatively low, which was expected for a non-clinical,
relatively young sample, and the number of events may be higher for
clinical samples. Second, we did not collect data about female partici-
pants’ menstrual cycle or participants’ body mass index, which could
haveimpacted on participants’ cortisol response profiles. Future studies
may replicate our results while controlling for these variables. Third, in
this study we tested the cortisol response and trait positive affectivity
markers of resilience to major life stress. However, due to the cross-
sectional nature of data, we could not be certain of the direction of
influence, asit could also be interpreted as the psychological symptoms
causing the difference in cortisol response®. Future prospective stud-
ies are necessary to test whether baseline cortisol response and trait
affectivity may predict future mental health outcomes following major
life stress. Fourth, our cortisol sampling timepoints may be too sparse
to capture the detailed post-task cortisol change profile, although
this was partly intended to reduce the effect of frequent cortisol sam-
plingon mood state. Given our focus onanticipatory and peak cortisol
responses, we also did notinclude cortisol sampling during the recovery
phase. Future studies may replicate the current findings withmore cor-
tisolmeasurements, and with ‘peak’ timepoints tailored to the response
profile of individual participants. Finally, our life stress questionnaire
includedrelatively heterogeneous types of events; this was to capture
participants’ major life stress experiences as completely as possible.
Future studies may focus on more specific types of event (for example,
acute versus chronic) to investigate stress resilience at afiner scale.

In conclusion, we found that a higher anticipatory cortisol
increasetoacute stress, as well as trait positive affectivity, were asso-
ciated with better mental health outcome following major life stress.
Importantly, the relationship between cortisol response and resilience
further depended onthelevel of trait positive affectivity. These results
have implications for the identification of individuals with high psy-
chobiological vulnerability to major life stress, and intervention for
those individuals.

Methods

Participants

This study was approved by the Institutional Review Board of the
University of Hong Kong. All participants provided written informed
consent. One hundred and sixty-five participants were recruited
via advertisement, printed and social media, and from the FAMILY
Cohort*®, which is a participant registry containing ~30,000 local
citizens. All participants had to be aged 24-45 years with at least a
secondary level of education. Exclusion criteriaincluded (1) current or
past major physical or neurological conditions; (2) major psychologi-
cal illnesses such as mood and anxiety disorders, schizophrenia and
addiction; (3) any medication or other treatment received within two
weeks before the study that might affect the endocrinological system;
(4) (for females) pregnancy or breastfeeding. Psychological illnesses
were assessed with the Structured Clinical Interview for DSM-5 Disor-
ders, Clinician Version (SCID-CV). Torule out the potential confound-
ing effect of intensive childhood trauma, we asked each participant
to report any directly exposed or witnessed traumatic events in her/
hislifetime, including those happening in childhood. Any participant
who self-reported symptoms that met the diagnostic criteriafor PTSD
was excluded.

After stage-2 screening, 16 participants were screened out. One
other participant was screened out due to abnormal cortisol change
(>4 s.d.fromtotal mean), and another was excluded duetoavery high
SCL-90score of 210 (>4 s.d. from total mean), leaving 147 participants
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inthe dataanalysis (aged 24-45years, 93 females, 54 males). Two par-
ticipants’ cortisol samples were used for protocol testing purposes,
leaving 145 participants in the current cortisol-related analyses. This
samplesizeis sufficient according to several previous studies investi-
gating the association between cortisol response, positive affectivity
andstress-related mental outcomes™***, Post hoc power analysis based
onref. " revealed that our sample size achieved good power (>0.8).

Further details about the participants areincluded in Supplemen-
tary Section 2.

Procedure

Eligible participants were invited to join the experiment, which was
always held in the afternoon between 14:00 and 18:00. Before the
experiment, participants were reminded to (1) avoid food or beverage
consumptionwithin the past hour; (2) avoid intense physical activities
or teeth-brushing within 2 h, (3) avoid caffeine intake or smoking on
the day of the experiment; (4) avoid alcohol consumption within 24 h
of'the experiment.

Upon arrival at the laboratory, each participant completed the
screening and demographicinformation-collection procedures, then
provided the first saliva sample (7;). They then rested for 30 minin a
quietroom (room A), where they were provided with reading materials
containing emotionally neutral content. This allowed the cortisol level
toreach arestingbaseline. Following the resting phase, the participant
completed the first POMS and provided a second saliva sample (75),
then was taken to another room (room B) for the TSST. Upon comple-
tion of the TSST, the participant was taken back to room A. The third
salivasample was collected (7;) and the second POMS was completed.
The participant then rested for 20 min before the fourth salivasample
was collected (7). After that, the participant completed the Chinese
Affect Scale (CAS), Brief Cognitive Emotion Regulation Question-
naire (CERQ) and Brief COPE questionnaires, as well as the Symptom
Checklist-90 (SCL-90), Daily Hassle Scale (DHS) and Life Stress Index
(LSI) questionnaires. Following study completion, participants were
debriefed, thanked and paid HKD$600 for time and travel compensa-
tion. Further details about questionnaire administration timing are
included in Fig. 5 and Supplementary Section 2.

Task and materials

The Trier Social Stress Test. The TSST is a widely used laboratory
paradigm to induce acute stress to participants®?*. The TSST consists
ofthree successive phases: (1) anticipation/preparation, (2) speech and
(3) mental arithmetic, each lasting for 5 min. Before the anticipation
phase, the participant was instructed toimagine s/he was attending an
interview for her/his ‘ideal job’, during which they would need to deliver
a5-minfree speechto demonstrate toa panel of ‘expert examiners’ that
s/hewas the best candidate for the job. The anticipatory/preparatory
phase started immediately after the instruction, during which the
participant prepared for the speech alone. In the subsequent speech
phase, the participant delivered the speech to a panel of three ‘judges’
(always one male and two females, all dressed in white laboratory
gowns) who remained emotionless and speechless unless the partici-
pant was unable to speak for the full 5 min. If the latter happened, the
‘chief” judge would ask one or several prompt questions (for example,
‘What do you consider to be your main merit for this job?’). Dummy
cameraand audio devices were pre-installed intheroomto enhance the
perceived vividness of the job interview. Following the speech phase,
the participant was asked to perform a mental arithmetic task involv-
ingsequentially subtracting 17 from 2,023. The participant needed to
speak out the answer loudly after every calculation, and had to start
over again from the beginning if they made a mistake.

Salivary cortisol. Salivary cortisol samples were collected using the
Salivette Cortisol Kit (Sarstedt, cat. no. 51.1534.500). For each sam-
ple collection, the participant was instructed to chew a cotton swab

for 60 s to fully soak the swab with saliva. The swab was then placed
into the Salivette tube, and saliva samples were retrieved from the
tube by centrifugation at 3,000g for 5 min. Quantification of cortisol
concentration was performed with liquid chromatography-tandem
mass spectrometry analysis (LC-MS/MS), whichis considered a highly
accurate and sensitive method of analysing salivary cortisol”.

Salivary cortisol was collected at four timepoints before and
after the TSST. The first sample (7;) was collected shortly after the
participant completed the screening and demographic information-
collection procedures. Half an hour later, the second sample was col-
lected immediately before the participant received instructions for
the TSST (T>); this was considered to be the baseline level. The third
sample was collected immediately after completion of the TSST (T3).
The fourth sample was collected 20 min after completion of the TSST
(T,) (Fig.5). Because the salivary cortisol response to acute stress hasa
typical delay of around 15-20 min (ref. *®), we considered the contrast
T, minus T, as reflecting anticipatory stress (corresponding to the
instruction/preparatory phase), whereas the contrast 7, minus 7, was
considered the peak stress response®. Based on recent reviews and
meta-analyses®***%, we placed T; and T, at +0 and +20 min post-TSST
to capture both anticipatory and peak cortisol responses. All salivary
cortisol collections happened between 15:00 and 16:30, to minimize
the confounding effect of diurnal cortisol variations.

Questionnaires. The LSl assesses the experience of major life events,
derived from the Life Stress Assessment* and the Life Events Checklist
for DSM-5 (ref. *°) (Supplementary Section 1). Participants indicated
whether they had personally experienced the event or witnessed the
event happeningto others, inthe past five years. Because witnessing is
generally considered as causing weaker stress-related mental damage
than experiencing oneself**>, we gave a score of 1 for every personal
experience of a life event, and 0.5 for every witnessing of the event.
Foreachevent, the participant was also asked to provide details about
the event’s frequency and duration, as well as abrief description of the
event. For witnessing events, only those happening to the participant’s
close friend or family member counted. Allanswers wereindependently
reviewed by a panel of five judges (one clinical psychologist with more
than 30 years of experience, two junior professorial-level academi-
cians with more than 5 years of experience in stress-related research,
one occupational therapist with more than 5 years of experience, and
one junior research assistant in charge of collecting responses from
the participant) to evaluate whether the event fulfilled the criteria
for major life stress. The evaluation was based on multiple types of
information about the event, such as duration, intensity, recurring
frequency, relationship of involved other parties with the participant,
and detailed nature of the event. Any discrepancy in rating was resolved
through discussion. An event would score only if all panel members
agreed onit. Further details about life stress assessment are included
inSupplementary Section 2.

The DHS contains 63 items that assess daily stress and annoy-
ance over the past month®’, Because minor hassles and stress in daily
life may also induce temporary psychological symptoms, we also
incorporated this variable in the study®*. Participants indicated the
frequency of occurrence for each item. This scale had two subscales:
the covert hassles subscale, containing 42 items (for example, inner
concerns, internal consistency = 0.88), and the overt hassles factor,
containing 21 items (for example, environmental hassles, internal
consistency = 0.80) (ref. **). The two subscales were pooled together
toproduce atotal score.

The SCL-90 (ref. *°) has 90 items that measure psychological
symptoms over the past week across ten dimensions: somatization,
obsessive-compulsive, interpersonal sensitivity, depression, anxi-
ety, hostility, phobic anxiety, paranoid ideation, psychoticism and
additional. Thisscale performed well in detecting patients with mental
disorders®® and in measuring subclinical psychological symptoms
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among community samples®. The Cronbach’s alpha in our sample
was 0.936. A total score was calculated using the sum of all subscales
to quantify mental symptoms. Further details are included in Sup-
plementary Section 2.

The CAS assesses trait positive and negative affects®®. All items
arerated on a five-point Likert scale (1= very slightly or not at all,
5=extremely). Inthisstudy, we focused on the positive affect subscale,
which contains tenitems and has aninternal consistency of 0.9 (ref. >®).

The CERQ assesses nine strategies of cognitive control over emo-
tion*’. Allitems are rated on a five-point Likert scale (1= (almost) never,
5=(almost) always). Inthis study, we focused on the positive refocusing
subscale, which measures the tendency to think about positive experi-
ences rather than the actual negative event. The internal consistency
of the positive refocusing subscale is 0.86 (ref. ).

The COPE measures 14 problem-and emotion-focused strategies
when coping with adversity®’. All items are rated on a four-point Likert
scale (0 =Ihaven'tbeendoingthisatall,3 =I'vebeendoingthisalot).In
this study, we focused on the positive reframing subscale, which refers
to the tendency to reappraise the negative situation more positively,
through changing perspectives or digging positive aspects (that is,
positive reappraisal). The positive reappraisal subscale has a reason-
ableinternal consistency of 0.64 (ref. ).

The POMS assesses five transient negative emotion states (tension,
anger, fatigue, confusion and depression) and two positive emotion
states (vigour and esteem)®. Allitems were rated on a five-point Likert
scale (0 = not at all, 4 = extremely). The mean internal consistency
among the subscales is 0.942 (ref. ©%). A total mood disturbance score
was computed by summing the scores for the positive and negative
emotion states, and subtracting the former from the latter.

The timeframes of CAS, CERQ and Brief COPE were all set to be
‘In general’ to specifically capture the trait characteristics in those
domains.

Statistical analysis

Data analyses were performed using SPSS v.26. Data normality was
checked using the Kolmogorov-Smirnov test. Cortisol level changes
and daily hassle score were non-normal, and a natural logarithm (In)
transformation was applied to those measures. To correct for residual
deviation from non-normality and outlier effect, we conducted Spear-
man (rather than Pearson’s) correlation analysis, which computed p
(rather than r) values as the correlation coefficient®.

Adataanalysis pipelineisincludedin Fig. 6. Descriptive correlation
analyses were conducted among cortisol response, major life stress,
SCL-90 total score, trait positive affectivity (positive affect, positive
reappraisal and positive refocusing) and daily hassle score. For cor-
relation analyses involving cortisol response, the baseline pre-TSST
(T,) cortisol level was controlled for as a covariate, because baseline
level may affect the amplitude of subsequent cortisol level changes.
For correlation analyses involving major life stress, daily hassle score
was controlled for asa covariate. The purpose of the correlation analy-
seswas to provide an overview of relationships among key variables.

To test whether the TSST caused significant cortisol responses
and mood changes, we performed linear mixed modelling analyses on
cortisol level and POMS score before and after the TSST, with time as
the within-subject factor (cortisol: T,, T;and T,; mood: T, and T3). The
significant main effect of time was further evaluated using a post hoc
paired-sample t-test.

To test whether a higher cortisol response reduced the relation-
ship between major life stress and SCL-90 score, we conducted amoder-
atinganalysis using the PROCESS macro implemented in SPSS (pre-set
Model No.1), utilizing a bias-corrected bootstrapping (5,000 times)
approach®. The independent variable was life stress, the outcome
variable was SCL-90 score, and the moderator was cortisol response
(anticipatory or peak), controlling for pre-TSST (T5) cortisol level and
daily hassle score.

To test whether greater positive affectivity (positive affect,
positive reappraisal, positive refocusing) reduced the relationship
between major life stress and SCL-90 score, we similarly conducted a
moderating analysis as above, except that the moderator was positive
affectivity traits.

All significant moderating effects were further evaluated using
simple-effect Spearman’s full partial correlation analyses, where nui-
sance variables (T, cortisol, daily hassle) and intercept were regressed
outfromboth dependent and independent variables before comput-
ing the correlation. During follow-up analyses and graph plotting, we
split the continuous moderating variables into low, medium and high
groups based on 33.33% quantiles.

Finally, to test whether the moderating effect of cortisol change
was also dependent on positive affectivity trait, we conducted moder-
ated moderation analyses using PROCESS (pre-set Model No.3). The
modelset-up was identical to that used for testing the simple moderat-
ing effect of cortisol, except that asecond moderator (that s, positive
affectivity trait) wasadded, and we tested whether ithad asecond-order
moderating effect on the cortisol moderating effect.

All statistical thresholds were set at P < 0.05 (two-tailed). As we
analysed two types of cortisol response (anticipatory and peak) and
two positive emotion regulation strategies (positive reappraisal and
positive refocusing), we conducted a Holm-Bonferroni correction
procedure within these categories of testing for the key moderation
and moderated moderation analyses.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this Article.

Data availability
Dataincludedinthisworkare providedinthe Supplementary Informa-
tion. Source data are provided with this paper.
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Research sample The sample (N=147, 93 females) was drawn from a large representative public health cohort pool. The mean age was 30.12 years
(range = 24-45 years). We selected a sample of adults without major clinical diagnosis, to boost the generalisability of our findings to
wider populations.

We included participants within the age range of 21-45 years because age is an important factor affecting stress resilience and
psychobiological responses, so we limited the age to relatively young adults to reduce heterogeneity.

Sampling strategy We conducted convenience sampling using a large public health cohort pool based on participation availability and screening
outcome. The sample size was deemed sufficient according to the effect sizes provided by several previous studies investigating the
association between cortisol response, positive affectivity and stress-related mental outcomes (Mikolajczak et al., 2008; Danielson et
al., 2015; Lord et al., 2015). Post-hoc power analysis based on Lord et al. (2015) revealed that our sample size achieved good power
(>0.8).

Data collection Data were collected using computer and pen and pencil. No one was present aside from the participant and the experimenter. The
experimenter(s) were blind to study hypotheses.

Timing Data collection started from September 2020, and finished at April 2022.

Data exclusions Sixteen participants were screened out due to issues with mental or physical health. One other participant was screened out due to
abnormal cortisol change (>4SD from total mean), and another was excluded due to very high SCID-90 score of 210 (>4SD from total
mean).

Non-participation No participant dropped out or declined participation.

Randomization Participants were not allocated to distinct experimental groups.
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Population characteristics All participants were carefully screened using DSM-5 Disorders- Clinician Version to ensure they had no past or present
diagnosis of major psychiatric illness. All participants reported no past or present major physical iliness.
We included 147 participants in total (93 females, aged 24-45 years old, mean age=32.2 years).

Recruitment Participants were drawn from a large representative public health cohort pool (total N=20,000) in the Hong Kong local




Recruitment community. Some level of bias may arise due to individual difference in willingness or availability to participate.
As participants were recruited through direct telephone contact of a public health cohort pool, and through advertisement,
printed and social media, it was possible that bias derived from over-representation of individuals who were interested in or
willing to participate in research studies. This is a common issue in psychology research that is very difficult to avoid for
studies involving adult participants drawn from community samples. Our relatively large sample size partly alleviated this
issue.

Ethics oversight Institutional Review Board of the University of Hong Kong
All participants provided written informed consent.
Participants were paid HKD$600 for time and travel compensation.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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