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The effect of cognitive reappraisal 
and early‑life maternal care 
on neuroendocrine stress responses
Ulrike U. Bentele  1*, Elea S. C. Klink 1, Annika B. E. Benz 1, Maria Meier  1,3, 
Raphaela J. Gaertner 1, Bernadette F. Denk 1,2, Stephanie J. Dimitroff 4,  
Eva Unternaehrer  1,3 & Jens C. Pruessner  1,2

Early-life adversity (ELA) is related to profound dysregulation of the hypothalamic–pituitary–adrenal 
(HPA) axis, reflected in both, blunted or exaggerated cortisol stress responses in adulthood. Emotion 
regulation strategies such as cognitive reappraisal might contribute to this inconsistent finding. 
Here, we investigate an interaction of early-life maternal care (MC), where low MC represents a 
form of ELA, and instructed emotion regulation on cortisol responses to acute stress. Ninety-three 
healthy young women were assigned to a low (n = 33) or high (n = 60) MC group, based on self-reported 
early-life MC. In the laboratory, participants received regulation instructions, asking to cognitively 
reappraise (reappraisal group, n = 45) or to focus on senses (control group, n = 48) during subsequent 
stress exposure, induced by the Trier Social Stress Test. Salivary cortisol and subjective stress levels 
were measured repeatedly throughout the experiment. Multilevel model analyses confirmed a MC by 
emotion regulation interaction effect on cortisol trajectories, while controlling for hormonal status. 
Individuals with low MC in the control compared with the reappraisal group showed increased cortisol 
responses; individuals with high MC did not differ. These results highlight the significance of emotion 
regulation for HPA axis stress regulation following ELA exposure. They provide methodological and 
health implications, indicating emotion regulation as a promising target of treatment interventions 
for individuals with a history of ELA.

Exposure to adverse early-life experiences is a major risk factor for mental and physical disease later in life1,2. 
One key mechanism considered to underlie this association is a dysregulation of the main neuroendocrine stress 
system, the hypothalamic–pituitary–adrenal (HPA) axis3–5. Precise regulation of the HPA axis and associated 
release of the glucocorticoid cortisol, that mediates vital metabolic and cardiovascular processes, is essential to 
adaptively respond and recover from acute stress6,7. Dysregulation of the HPA axis, reflected in hyper- or hypo-
active stress responsivity, is thereby linked to poor health or disease8,9. Such patterns of HPA axis dysregulation 
can result from chronic stress exposure10,11, such as exposure to early-life adversity (ELA).

Early‑life adversity and HPA axis reactivity
ELA refers to a variety of adverse and stressful experiences that happen within the social environment during 
childhood or adolescence12,13. Besides abuse and neglect14, the relationship between child and caregiver, such as 
quality of care, has been identified as key dimension of ELA15,16. Care—specifically provided by the mother—is 
considered the most critical developmental influence of early-life environment17,18. While high maternal care 
(MC) refers to a mother’s caring, responsive and sensitive behaviors towards her child, low MC in turn describes 
insensitive and unpredictable behavior patterns19,20.

Exposure to ELA, such as low MC19,21, during sensitive periods of brain development has been assumed to 
contribute to long-lasting alterations of HPA axis reactivity10,22. Extensive empirical research has confirmed the 
link between ELA and dysregulated HPA axis stress responses23. The direction of this dysregulation is however 
more inconsistent and possible factors determining the direction of the dysregulation are under continuous 
investigation. Some studies reported reduced cortisol responses to psychosocial stress in adults exposed to ELA, 
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such as neglect or abuse (e.g.,24,25); others found increased26,27 or no association with cortisol stress responses28. 
With respect to maternal parenting, there is evidence that low levels of MC might mainly result in patterns of 
blunted cortisol reactivity (18,29; but see30). For example, individuals reporting a low extent of MC showed reduced 
cortisol reactivity to psychosocial stress compared to those reporting a moderate extent of MC29.

In sum, exposure to ELA has persistently been related to HPA axis dysregulation in adulthood, with a low 
extent of MC mainly resulting in reduced cortisol stress responses. One factor that might contribute to explain 
the inconsistency is emotion regulation capacity31,32, specifically the use of cognitive reappraisal.

Regulation strategies and HPA axis reactivity
Emotion regulation (ER) refers to processes by which individuals attempt to influence the nature, intensity, 
duration or expression of emotions33,34. Emotions are thereby considered to unfold over time, starting with 
exposure to an emotional situation and terminating in the final emotional response, characterized at the subjec-
tive, behavioral and physiological level35,36. Regulation can occur at multiple stages of this emotion generation 
process, thereby affecting the final psychophysiological response. One central point of regulation is appraisal of 
the personal meaning that is attributed to the situation37. For instance, if a situation is appraised as irrelevant 
to the personal well-being no subsequent reaction will occur38. Cognitive reappraisal, in contrast, describes the 
re-interpretation of the situation to alter its emotional impact39. Here, individuals might try to focus on positive 
aspects of an emotional aversive situation or adopt an objective third-person perspective40,41. Cognitive reap-
praisal is thereby considered an adaptive ER strategy42,43, that shows negative relations with psychopathology 
and positive associations with mood and well-being44,45.

Empirical work has consistently revealed cognitive reappraisal to reduce subjective responses to emotion 
or stress eliciting situations, whereas effects on neuroendocrine or physiological responses are small at best, as 
reviewed in41,46, 47. While the number of studies on the biological (particularly neuroendocrine) effects of reap-
praisal is rather small, results are partly heterogeneous. Here, different moderators may play a role (e.g., type 
of stressor, outcome measure)46. Studies that have specifically focused on HPA axis stress responses to acute 
psychosocial stress imply that cognitive reappraisal can increase cortisol responses. For instance, individu-
als who reported higher habitual use of reappraisal (trait reappraisal) exhibited stronger cortisol reactivity to 
psychosocial stress48,49. This was further confirmed by three experimental studies50–52. Individuals who were 
instructed to use reappraisal during a psychosocial or physical stress task, e.g., by adopting an unemotional 
third-person perspective compared to individuals who received no instruction, exhibited increased cortisol 
responses50. Interestingly, this amplifying effect of instructed reappraisal was found predominantly in individu-
als with lower trait reappraisal – which the authors discuss as requiring higher cognitive effort and associated 
increased physiological activation when following a reappraisal instruction in individuals who do not use reap-
praisal regularly. In sum, past work provides some evidence that instructed cognitive reappraisal might increase 
HPA axis responses to acute stress.

ELA, regulation strategies and HPA axis reactivity
The identification of factors that contribute to the heterogeneous results concerning the effect of ELA is of major 
scientific interest as it might reveal novel targets for intervention11,53. Here, we investigate adaptive ER as one 
such factor: Cognitive reappraisal has been shown to have the potential to increase cortisol responses to psy-
chosocial stress—particularly when not used regularly51,52. Early-life stress is related to less use of adaptive ER 
and reappraisal44. Thus, being instructed to use cognitive reappraisal might prove specifically beneficial for high 
ELA individuals, to normalize dysregulated, mainly blunted, cortisol reactivity to acute stress.

Support for the proposed interaction between ELA and ER stems from prior empirical and theoretical work. 
First, there is evidence that high ER capacity might allow individuals exposed to ELA to show robust cortisol 
responses. For example, women with a history of ELA who reported greater ER difficulties compared to those 
with less ER difficulties displayed blunted cortisol responses to psychosocial stress; women with low ELA did 
not differ depending on ER capacity54. However, ER capacity does not always affect cortisol stress responses of 
individuals with high ELA55. Second, the effect of instructed ER is assumed to depend on personality charac-
teristics (e.g., emotional intelligence)56. Personal experiences such as ELA have been proposed another impact 
factor, to be tested in future studies47. We expanded on these findings by testing the effects of ELA and instructed 
reappraisal on cortisol stress responses, while accounting for trait reappraisal. Finally, an interaction of ELA and 
ER could be based on similar cerebral mechanisms, such as an involvement of the prefrontal cortex (PFC). Since 
the use of cognitive reappraisal requires activation of prefrontal networks57,58, alterations in these structures as 
a consequence of ELA59,60 might in turn affect downstream HPA axis reactivity in individuals with high ELA.

The aim of the current study was thus to test the effect of experimentally induced reappraisal and naturally 
occurring variations in ELA on cortisol responses to acute psychosocial stress in healthy young women. For this, 
we first screened participants for exposure to ELA, operationalized by the extent of self-reported early-life MC, 
and categorized them to either a low or high MC group. During the laboratory sessions, participants were then 
exposed to psychosocial stress, induced by the Tier Social Stress Test (TSST)61. Prior to stress exposure, they 
received instructions regarding the use of emotion regulation strategies, asking them either to reappraise the 
stress task (e.g., by thinking of its positive aspects) (reappraisal group (RG)) or to focus on their senses (control 
group (CG)). Salivary cortisol and subjective stress levels were assessed seven times in predefined intervals; state 
affect was assessed three times throughout the experiment. We hypothesized that MC and emotion regulation 
would interact in affecting cortisol stress responses. Specifically, we expected that individuals with low MC in the 
reappraisal compared to the control group would show increased cortisol stress responses similarly to individu-
als with high MC. Moreover, we explored the effects of MC and regulation on subjective-emotional responses, 
comprising subjective stress and affect ratings.
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Results
Sample characteristics
The final sample consisted of N = 93 women (Mage = 21.16, SDage = 2.78, range = 18–28) with groups comprising 
n = 17 (low MC/CG), n = 16 (low MC/RG), n = 31 (high MC/CG) and n = 29 (high MC/RG) participants. One-
way ANOVAs revealed significant group differences with regard to age (F(3,89) = 3.50, p = 0.019, ηp

2 = 0.105), 
depressive symptoms (BDI-II) (F(3,89) = 4.73, p = 0.004, ηp

2 = 0.137), and self-esteem (F(3,89) = 3.58, p = 0.017, 
ηp

2 = 0.108). Post-hoc t-tests indicated (1) higher age in the low MC & reappraise group compared to both the 
high MC groups (ps <  = 0.032), (2) higher depressiveness in the low MC & control group compared to both the 
high MC groups (ps <  = 0.029), and (3) lower self-esteem in the low MC & reappraise compared to the high MC 
& reappraise group (p = 0.031). For descriptive and inferential statistics see Table 1.

Manipulation checks
Regulation instruction
Descriptive evaluation of two manipulation check items suggested accurate understanding of regulation instruc-
tions. This was indicated by high disagreement with one item providing an incorrect description of the regulation 
instruction (M = 1.24, SD = 0.67), and agreement with another item providing a correct description (M = 4.78, 
SD = 0.76). Both items were answered on a Likert scale ranging from 1 (not at all) to 5 (very much). Kruskal–Wal-
lis tests did not show differences between groups with regard to the incorrect (H(3) = 3.69, p = 0.297), but with 
regard to the correct item (H(3) = 31.09, p < 0.001). Post-hoc tests indicated lower agreement reflecting worse 
understanding in the low MC & reappraise group compared to the other three groups (ps <  = 0.001). In sum, 
based on the qualitative and quantitative approach to assess understanding (see methods), results indicated an 
overall high understanding of the instructions.

Stress induction
Cortisol trajectories were best described by a basic growth curve model (GCM) with random intercepts, random 
slopes, and a fixed linear and quadratic trend of time (see Supplementary Tables S2, S3). The quadratic trend of 
time (b = − 1.41, SE = 0.37, t(362) = − 3.80, p < 0.001) indicated an increase of cortisol levels after TSST cessation 
(between t =  + 10 and t =  + 20, p = 0.005, post-hoc t-tests) and subsequent decrease, which is depicted in Fig. 1a.

Subjective stress trajectories were best explained by a basic model with random intercepts, random slopes, 
and a fixed linear, quadratic and cubic trend of time (see Supplementary Tables S4, S5). Following the cubic 
trend of time (b = 115.45, SE = 12.08, t(555) = 9.56, p < 0.001), stress levels increased prior to TSST onset (between 
t = − 20 and t = 0; ps <  = 0.012) and decreased in the first part of recovery (between t =  + 10 and t =  + 30; ps < 0.001; 
post-hoc t-tests), as illustrated in Fig. 2a.

Thus, across groups the TSST effectively induced subjective stress and cortisol stress responses.

Effect of MC and regulation on cortisol responses
Cortisol trajectories using repeated measures of cortisol over time
To examine the hypothesized three-way interaction, we added MC, regulation and higher-order interactions to 
the basic model, followed by separate inclusion of each covariate and covariate by time interaction. Inclusion of 

Table 1.   Participant characteristics and comparisons of the four groups (N = 93). Mean values (± standard 
deviations) or absolute frequencies of participant characteristics. Significant differences are depicted in 
bold. Bonferroni-corrected post-hoc t-tests are reported together with sample characteristics in the text. 
CG = control group, RG = reappraisal group, MC = maternal care, BMI = body mass index, FP = follicular phase, 
LP = luteal phase, UP = unclear phase, OC = use of oral contraceptives, PBI = Parental Bonding Instrument, 
BDI-II = Beck Depression Inventory, RSES = Rosenberg Self-Esteem Scale, ERQ = Emotion Regulation 
Questionnaire. a At day of testing. b p-values result from one-way ANOVA (for age, BMI, PBI, BDI, ERQ, RSES) 
and Fisher’s exact test (hormonal status).

MC

Regulation condition

CG RG

High Low High Low pb

n 31 17 29 16

PBI maternal care 32.94(2.46) 22.71(4.27) 32.62(2.69) 18.69(5.56)  < .001

age (yr) 20.77(2.50) 20.82(2.48) 20.69(2.35) 23.13(3.59) .019

BMI (kg/m2) 21.01(1.75) 21.64(2.97) 20.77(2.51) 22.36(2.72) .163

hormonal statusa

(FP/LP/OC/UP) 11/7/7/6 4/7/5/1 3/9/11/6 3/4/5/4 .448

BDI-II 5.42(4.84) 9.71(5.31) 5.28(4.60) 8.94(5.20) .004

RSES 23.26(4.96) 20.82(5.98) 23.86(4.22) 19.31(5.79) .017

ERQ
reappraisal
suppression

5.18(0.65)
3.17(1.10)

4.99(1.06)
3.09(1.23)

5.11(0.93)
2.85(0.90)

4.96(0.87)
3.78(1.44)

.818

.080
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the MC by regulation by time interaction did not increase model fit, but further inclusion of the hormonal status 
(with respect to menstrual cycle) by time interaction did (see Supplementary Tables S2, S3).

Evaluation of this final interaction model revealed a significant linear trend of time (b = 3.36, SE = 1.38, 
t(350) = 2.44, p = 0.015), a time by regulation (b = − 3.90, SE = 1.61, t(350) = − 2.42, p = 0.016), time by regulation 
by MC (b = 4.09, SE = 1.99, t(350) = 2.06, p = 0.040), and a time by hormonal status interaction (b = 2.68, SE = 1.33, 
t(350) = 2.02, p = 0.044). There were no main effects of MC or regulation (ps >  = 0.169). To follow up the three-
way interaction, the effect of regulation on cortisol trajectories was evaluated separately within the low MC 
and high MC group using two corresponding GCMs (see Supplementary Table S6). In the low MC group only, 
results revealed a significant linear time by regulation interaction (b = − 2.01, SE = 0.82, t(114) = − 2.54, p = 0.013), 
indicating that regulation affected cortisol trajectories of individuals with low MC, but not individuals with high 
MC while controlling for hormonal status. Specifically, individuals with low MC in the control compared to the 
reappraisal condition showed higher cortisol levels during recovery (+ 40 min: t(29) = 2.10, p = 0.045); though 
significance from post-hoc t-tests vanished when applying Bonferroni-correction. Thus, the control compared 

Figure 1.   Cortisol trajectories (baseline adjusted) (a) and cortisol reactivity (b) in the four experimental 
groups. Values represent mean ± SE. The AUCi indicates overall cortisol reactivity between t = 0 and t = 40. 
AUCi = area under the curve with respect to increase, MC = maternal care, TSST = Trier Social Stress Test.

Figure 2.   Trajectories of subjective stress (a), negative affect (b) and positive affect levels (c) in the four 
experimental groups. Values (baseline adjusted) represent mean ± SE. MC = maternal care, TSST = Trier Social 
Stress Test.
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to the reappraisal condition resulted in higher cortisol responses in individuals with low MC, when controlling 
for hormonal status. Cortisol trajectories within the four groups are depicted in Fig. 1a.

Cortisol reactivity using the area under the curve with respect to increase (AUCi)
The 2 (MC) × 2 (regulation) ANOVA revealed no significant effect of either MC (F(1,87) = 0.93, p = 0.336, 
ηp

2 = 0.011), or regulation (F(1,87) = 2.11, p = 0.150, ηp
2 = 0.024), but a significant MC by regulation interaction 

effect (F(1,87) = 4.18, p = 0.044, ηp
2 = 0.046). Individuals with low MC showed stronger cortisol reactivity in the 

control compared to the reappraisal group (F(1,87) = 4.64, p = 0.034). No differences were found in the high MC 
group (F(1,87) = 0.26, p = 0.614). Results are reported excluding covariates, as sequential inclusion of covari-
ates did not show any significant effects (Fs <  = 1.93, ps >  = 0.131). Cortisol reactivity within the four groups is 
depicted in Fig. 1b.

Effect of MC and regulation on subjective‑emotional stress responses
Subjective‑emotional stress trajectories using repeated measures
To explore an interaction between MC and regulation condition on subjective stress trajectories the basic model 
was extended by inclusion of regulation, MC and higher order interaction terms. Inclusion of none of these fixed 
effects increased model fit significantly (see Supplementary Table S4). Subjective stress trajectories within the 
four groups are depicted in Fig. 2a.

Similar results were observed for negative and positive affect ratings, that were each best explained by basic 
models with random intercepts, random slopes and fixed linear time trends (see Supplementary Tables S7–S9). 
Evaluation of the final basic model for negative affect, the linear trend of time (b = 0.13, SE = 0.02, t(185) = 6.17, 
p < 0.001) indicated that negative affect consistently increased over time (ps <  = 0.001, post-hoc t-tests). For 
positive affect, the linear time trend (b = 0.07, SE = 0.02, t(185) = 3.01, p = 0.003) indicates that positive affect 
only increased from prior to post TSST (between t = − 10 to t =  + 10, p = 0.046, post-hoc t-tests). Figure 2 depicts 
trajectories of negative (b) and positive (c) affect within the four groups.

In sum, subjective-emotional responses to stress revealed independent of MC and regulation condition. These 
results did not change when applying robust repeated-measures ANOVAs on 20% trimmed means for stress and 
negative affect ratings with groups as between-subjects, and time as within-subjects factor.

Subjective‑emotional stress reactivity using the AUCi
Multiple 2 (MC) × 2 (regulation) ANOVAs did not show significant main or interaction effects on stress, negative 
and positive affect reactivity, each operationalized by the respective AUCi (Fs <  = 2.12, ps >  = 0.149). Results did 
not change when applying corresponding robust ANOVAs on 20% trimmed means to analyze stress and negative 
affect reactivity. Results on subjective-emotional stress reactivity are summarized in Supplementary Table S10.

Discussion
The primary goal of this study was to investigate whether ELA and cognitive reappraisal as an adaptive regulation 
strategy interact in affecting cortisol responses to psychosocial stress. For this, women with high or low early-
life MC received either a regulation instruction asking them to reappraise or to focus on their senses during the 
subsequent TSST, while salivary cortisol levels were assessed repeatedly. Main analyses showed that the effect 
of instructed emotion regulation on cortisol stress responses depended on the extent of MC, while controlling 
for hormonal status. Focusing on senses compared to using reappraisal resulted in higher cortisol responses in 
women with low MC. In sum, these findings (1) confirm an interaction between MC and regulation condition; 
however, they (2) do not confirm the assumed direction, indicating that instead of reappraisal it was focusing on 
senses (designed as our control condition) that was related to increased cortisol stress responses in individuals 
with low MC.

To the best of our knowledge, this is the first experimental study to demonstrate an interaction between MC 
and a cognitive reappraisal condition with respect to cortisol stress responses. First indirect evidence has arisen 
from both ELA and ER research46,62, indicating heterogeneous results concerning the effects on HPA axis reactiv-
ity. Meta-analyses in both fields have thereby not only highlighted the role of moderating factors in general but 
have specifically suggested to consider ELA together with instructed ER in future studies47. Further empirical 
evidence stems from prior correlational work54,55, 63. These studies showed an interplay between ELA and overall 
ER capacity54, or specifically the habitual use of reappraisal55, that predicted cortisol responses to psychosocial 
stress. Finally, our finding aligns with theoretical models that assume that the effect of ER (strategies) depends on 
personality characteristics56,64. In the current study, we identified personal experiences, such as ELA, as another 
factor that interacts with instructed reappraisal in predicting cortisol stress reactivity. This finding could be 
observed when controlling for the effect of hormonal status. Menstrual cycle phase and oral contraceptive use 
(both affecting sex steroid hormones) are well-known impact factors of cortisol stress responses65,66. Specifi-
cally, women in the luteal compared to the follicular phase usually show higher salivary cortisol responses, with 
women using oral contraceptives showing blunted responses. Accordingly, the current results support more 
reduced cortisol responses in women using oral contraceptives, compared to naturally cycling females. This again 
highlights the relevance to assess hormonal status as a potential confounder in neuroendocrine research (e.g.,67).

With regard to the direction of the MC by regulation interaction the results surprisingly contradicted our 
initial hypothesis (i.e., higher cortisol responses following reappraisal in individuals with low MC). We next 
consider possible avenues on how to interpret these findings.

First, our results might imply that exposure to ELA is rather linked to HPA axis hyperreactivity, and that 
cognitive reappraisal successfully decreases exaggerated cortisol responses. Theoretical models in the field of ELA 
propose that environmental conditions early in life contribute to the development of different patterns of stress 
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reactivity22,68. Threatening or unpredictable early-life environments, characterizing severe ELA69, are considered 
to favor exaggerated HPA axis responsivity. Empirical studies partially supported this assumption (albeit with 
inconsistent results), showing that ELA (i.e., lower early-life MC) was related to exaggerated cortisol responses to 
psychosocial stress29,30. Furthermore, cognitive reappraisal has been theorized to effectively regulate psychophysi-
ological responses to emotion eliciting situations36,37. Empirically, reappraisal has been shown to reduce HPA 
axis responses to acute stress70,71. For instance, individuals who participated in a cognitive-behavioral training, 
including stress-reducing techniques (e.g., cognitive restructuring), compared to no training showed reduced 
cortisol responses to the TSST71. Although this comparison is limited due to duration and multicomponent nature 
of the training. A possible explanation why the effect of reappraisal differs between ELA groups is changes in the 
underlying cerebral mechanisms. The PFC has been identified as a central brain structure that is both involved 
in cognitive reappraisal72 and HPA axis regulation73, and affected by early-life stress74. For instance, the use of 
cognitive reappraisal to reinterpret negative emotional stimuli has been related to increased prefrontal brain 
activation57,58. Neuroimaging studies have also linked higher prefrontal activation during psychosocial stress with 
decreased cortisol responses60,75. Exposure to ELA particularly during sensitive periods of brain development 
contributes to an array of structural and/or functional alterations of the PFC76,77. Thus, implementing cognitive 
reappraisal might be related to altered patterns of prefrontal activation and downstream cortisol reactivity in 
individuals with high ELA.

Second, the results could indicate that exposure to ELA is linked to persistent HPA axis hyporesponsivity, and 
that focusing on senses might provide an effective psychological intervention to increase such blunted cortisol 
stress responses. Various theoretical and empirical evidence suggests that HPA axis hyporeactivity develops as 
a consequence of exposure to ELA5,62, 78. Prolonged or repeated stress exposure is thereby considered to result 
in a long-term wear and tear of physiological stress systems, reflected in blunted patterns of stress reactivity10. 
In contrast, the effect of sensory focusing on HPA axis reactivity has not been studied in depth. Here, we chose 
sensory focus to provide a well-matched active control condition, considered superior to no-instruction control 
conditions (e.g.,50). Our results, however, imply that sensory focus might rather present another ER strategy. 
Indeed, it shows large overlap with attention deployment strategies40,41: The instruction resembled instructions 
for attention deployment, e.g., asking participants to attend or to focus on emotional experiences40; moreover, 
focusing on senses obviously requires individuals to deploy and control attention toward sensory impressions. 
Strategies to change the attentional focus are considered effective to regulate responses in emotional or stressful 
situations36,37. Accordingly, attentional trainings have been shown to alter acute HPA axis responses79,80. For 
instance, individuals who underwent an attentional control training, aiming to change attentional biases, showed 
higher cortisol reactivity when exposed to the TSST80. In line with this interpretation, neuronal mechanisms 
might again provide a suitable explanation for the diverging effect of sensory focus in individuals with high and 
low MC. The PFC has revealed to be involved not only in reappraisal but attentional control processes81. Since 
exposure to ELA impairs functional development of the PFC77, active attempts to control attention might be 
linked to different patterns of activation in individuals with high compared to low ELA, that subsequently affect 
downstream HPA axis responses. Thus, the PFC likewise constitutes a possible pathway to explain the effect of 
sensory focus, considered an attention deployment strategy, on cortisol responses in individuals with high ELA. 
In sum, this second explanation is possible, but less convincing from a purely descriptive perspective (see Fig. 1).

Third, our finding might also be explained by further differences between the low MC groups. To control 
for the effects of additional variables, we randomly assigned individuals to the regulation groups. Despite this, 
group differences might have existed and affected our results at hand.

Our exploratory analyses surprisingly did not confirm the robust finding that reappraisal decreases subjective-
emotional stress responses (e.g.,46). However, methodological differences might contribute to this inconsistency. 
For instance, prior studies have often used passive emotion-induction paradigms (e.g., picture viewing), that 
induce comparably low and more easily controllable emotional responses. Reappraisal might be less effective in 
active stress induction paradigms (e.g., TSST), that trigger strong emotional reactions. In addition, reappraisal 
effects have often been reported with regard to specific emotions (e.g., anger). In the current study we referred 
to global composite measures of affect and stress, that might be too insensitive to reflect more specific effects 
of reappraisal.

This study underlies several central limitations. First, generalizability of our results is restricted to young, 
healthy women. We decided for a female sample to keep sex constant and comparable to prior work (e.g.,51). 
Future research should however aim for a more systematic evaluation of possible demographic impact factors 
such as sex or age82. A second limitation is that the degree of early-life MC was measured retrospectively via a 
self-report questionnaire. Retrospective, subjective measure may be biased for several reasons (e.g., memory 
effects, social desirability). Nevertheless, there is evidence that the subjective experience of adversity (e.g., as 
measured by self-report) rather than the pure objective exposure to it (e.g., official records) confers an increased 
health risk83. Third, we could not realize a fully balanced design as intended. Due to pandemic related obstacles 
in recruitment, final group sizes (ns ≥ 15) and, thus, power for statistical analyses was reduced. A post-hoc 
power analysis revealed a power of 48% to detect a MC by regulation interaction of medium effect size (mixed 
ANOVA, α = 0.05). Thus, we also re-analyzed cortisol data with MC as continuous variable, and found that 
the final model including MC, regulation condition and interactions with time, as well as hormonal status 
only showed a trend towards significance (p = 0.051; see Supplementary Table S11). Results and interpretation 
should therefore be considered preliminary before replicated in balanced samples. Fourth, our operationalization 
of ELA exclusively depends on the perception of early-life MC. Perceptual and caregiving aspects are central 
characteristics of ELA20,84–86. Since different types of ELA can exhibit diverging neuroendocrine effects23, our 
results may, however, not be generalizable to types other than MC. Fifth, interpretation of our results is limited 
due to the nature of the control instruction. With this active control task we intended (1) to reduce the use of 
habitual emotion regulation strategies, (2) to avoid waiting periods during the manipulation that might affect 
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physiological outcomes, and (3) to design a well-matched control condition with similar attentional demands 
than reappraisal. Retrospectively, it remains unclear whether the instruction already affected cortisol trajectories 
and thus was not a suitable control condition that should not have instigated any regulation process40. Follow-up 
studies would benefit from the inclusion of a no-instruction control condition in terms of study comparability 
(e.g.,50) and interpretation of results. Finally, we want to emphasize the speculative character of our interpretation 
regarding biological mechanisms. We focus on the PFC and its central role in the interplay between ELA, emo-
tion and stress regulation. However, other limbic areas, such as the hippocampus or amygdala, might similarly 
contribute to the observed findings. Thus, future neuroimaging studies are needed to gain a better understanding 
of underlying neuronal pathways.

To conclude, this study demonstrates the role of regulation strategies for HPA axis stress regulation in indi-
viduals with a history of ELA. Our findings indicate that focusing on one’s senses during a stressful task com-
pared to cognitively reappraising the task results in increased cortisol stress responses of those individuals. 
Methodologically, these results imply the necessity to include and consider both ELA and ER measures in studies 
investigating HPA axis regulation. Moreover, they indicate cognitive ER as a promising target of psychological 
interventions aiming to restore HPA dysregulations in individuals with high ELA. Findings on decisive char-
acteristics of cognitive ER, e.g., on the effect of acute stress on the ability to recruit cognitive ER87, also show its 
meaning and boundaries in everyday life. Since HPA axis dysregulation is one prominent mechanism linking 
ELA and psychopathology, understanding of effective treatment interventions can contribute to life-long health 
of individuals exposed to ELA.

Methods
Participants
Recruitment took place at the University and in the city of Konstanz using digital (e.g., social media) and ana-
logue advertisement methods (e.g., flyer). Participants first completed an online screening questionnaire to 
determine study eligibility with respect to established exclusion criteria67. Those were an age younger than 18 
or older than 30 years, current pregnancy, self-reported severe depressive symptoms (Beck’s Depression Inven-
tory (BDI) II sum score > 28)87,88, under- or overweight (body mass index (BMI) < 17.5 or > 30), smoking > 5 
cigarettes per day, working night-shifts, current drug or medication intake affecting the autonomous, endocrine 
or central nervous system and self-reported current mental or physical (cardiovascular, metabolic, endocrine) 
illness. Finally, we included female participants only, due to the well-known effect of sex82 and to keep the study 
comparable to prior work (e.g.,51). Moreover, the screening served to determine the extent of self-reported early-
life MC using the Parental Bonding Instrument (PBI) (89, German version:90), based on which participants were 
allocated to either a high or low MC group (see below).

Procedure
Eligible participants were invited to the laboratory sessions that took place at the Centre of Psychiatry in Konstanz 
(November 2020 to July 2021). Sessions were conducted in the afternoons between 03:00 and 06:30pm to control 
for circadian variations in cortisol secretion91 and lasted for approximately 1.5 h. Beforehand, participants were 
requested to refrain from consumption of food and (soft-)drinks containing theine or caffeine and smoking two 
hours prior to session start. They were further instructed to abstain from alcohol eighteen hours before and from 
intense physical exercise the day before the session67.

Study overview
Laboratory sessions consisted of a pre-stress phase (30 min), that served as an acclimatization and to provide 
regulation instructions, followed by a stress (20 min) and a final recovery phase (30 min) (see Fig. 3 for study 
overview).

Upon arrival, participants first provided written informed consent and were introduced to the saliva sampling. 
Following a set of questions (e.g., on menstrual cycle) and resting (5 min) to further acclimatize to the laboratory 
set-up92, a first saliva sample was collected (− 20 min). As part of the subsequent experimental manipulation 

Figure 3.   Overview of study procedure. The manipulation of emotion regulation required participants to either 
use cognitive reappraisal (RG) or to focus on senses (CG) during the TSST. TSST = Trier Social Stress Test, 
RG = reappraisal group, CG = control group.
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(5 min), participants received written instructions to cognitively reappraise (RG) or to focus on their senses 
(CG) during a subsequent stress task (see below). During the stress phase, participants underwent the TSST61, 
consisting of a preparation (10 min) and stress period (10 min). In the post-stress recovery phase participants 
completed further trait questionnaires (e.g., on self-esteem, habitual emotion regulation). At the end of a session 
participants provided a final seventh saliva sample (+ 40 min), were debriefed and received financial compensa-
tion (15€) or course credit (1.5 h). The study was conducted according to the ethical principles of the Declara-
tion of Helsinki and approved by the Ethics Committee of the University of Konstanz (IRB statement 12/2017).

Experimental manipulation
Material to manipulate emotion regulation referred to either cognitive reappraisal or human senses (see below). 
It each consisted of (1) a short text to introduce the respective topic, (2) a specific task instruction, and (3) an 
open-ended question asking participants to summarize provided texts and instructions which was intended to 
promote consolidation and check correct understanding (see manipulation check). Participants received 5 min 
to read the texts and instructions (1, 2) and to answer the question in writing (3). When completed within less 
than 5 min participants were asked to start over again reading. Material was designed based on provided scripted 
material50,51 and available recommendations93.

Reappraisal instruction.  The text introduced participants to the meaning and rationale of cognitive reap-
praisal, such that re-interpreting a potentially stressful situation could help to change and positively influence 
one’s reaction to it. An example was provided to increase understanding and concrete application of reappraisal. 
The second part comprised the specific reappraisal instruction (modified version of50): Participants were asked 
to try to think of positive aspects of the task (e.g., lessons they might learn) during preparation of the following 
speech task. During the task they were requested to adopt a neutral and objective attitude towards their perfor‑
mance, considering it from a third-person perspective, as well as to consider the committee’s evaluation in an 
objective, analytical and emotionally detached manner.

Control instruction.  Material comprised an initial short text about human senses, such as information about 
their number and function (modified version of51). It also included an example, e.g., on how proprioception can 
be experienced in daily life, to improve understanding. The second part included the specific task instruction: 
Participants were requested to focus on as many of their senses during performing the subsequent speech task as 
possible, such as room temperature, odors, visual and auditory perception of the committee. The overall length 
and complexity of material was considered comparable to the reappraisal instruction.

Manipulation check.  Following the manipulation, participants’ understanding of the respective instruction 
was checked using two items. The first item provided an incorrect description of the respective instruction (RG: 
“I am to emotionally evaluate the situation from a third-person perspective”, CG: “I am to focus particularly on 
one of my senses during the situation.”); in contrast, the second item comprised a correct description giving 
key elements of the respective instruction (RG: “I am to reappraise the situation from a neutral and objective 
third-person perspective.”, CG: “I am to focus on as many of my senses as possible during the situation.”). Items 
had to be answered on a 5-point Likert scale ranging from 1 (not at all) to 5 (very much). Correct understanding 
was assumed for scores of 1 or 2 (item 1) and scores of 4 or 5 (item 2). Although such item-based manipulation 
checks are well-established in emotion regulation research (e.g.,94,95), they often lack psychometric validation 
and favor socially desirable responses. Qualitative measures, such as the use of open-ended questions has been 
recommended to address such shortcomings93. Thus, if answers to the manipulation check items indicated non-
understanding, we examined the answer to the open-ended question as part of the manipulation material (see 
above). In case of a correct description, we assumed correct understanding of the manipulation instruction.

Stress induction.  To induce psychosocial stress the TSST61 was applied. As the most prominently used stand-
ardized stress paradigm the TSST has been shown to reliably induces neuroendocrine and subjective-emotional 
responses96,97. It consists of a preparation (10 min) and subsequent test period, including a speech task (5 min) 
and mental arithmetic tasks (5 min). During the preparation period participants were instructed and prepared 
for a mock job interview (speech task); in the current study, they additionally received a written summary of the 
regulation instruction provided beforehand, to re-read it at the end of the preparation phase. For the test period 
participants were brought to an adjacent room to perform the speech and the subsequent mental arithmetic task 
(counting back from 1022 in steps of 13 aloud). Tasks were video recorded if participants did not contradict in 
advance and conducted in front of a confederate, white-coated committee (one female, one male). After comple-
tion of the stress tasks, participants were guided back to the preparation room for the recovery.

Measures
Neuroendocrine measure
Cortisol levels were determined from seven saliva samples that were collected at pre-defined timepoint (− 20, 
− 10, 0, + 10, + 20, + 30, + 40 min) using Salivettes (Sarstedt, Nümbrecht, Germany) (see Fig. 3). Samples were 
stored at − 20 °C before they were thawed for analyses at the biochemical laboratory of the University of Konstanz. 
For the detection of cortisol levels (nmol/l) samples were centrifugated at 2500 rpm for 10 min and analyzed 
in duplicate using a commercially available competitive enzyme immunosorbent assay (Cortisol Saliva ELISA, 
RE-52611, IBL International GmbH, Hamburg, Germany), a reliable method to assess free salivary cortisol98. 
Mean inter- and intra-assay coefficients of variance were 6.6% and 7.9%, respectively.
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Psychological measures
Maternal care.  The Parental Bonding Instrument (PBI) (89; German version:90) retrospectively assesses the 
extent of perceived parental care and overprotection during the first 16 years of life by self-report. The MC sub-
scale comprises 12 items to be answered on a 4-point Likert scale ranging from 0 (very unlike) to 3 (very like). 
A higher MC sum score (range: 0–36, cut off value: 27) indicates higher perceived affectionate and emotionally 
warm maternal care. The MC subscale was used to determine the extent of early-life MC as part of the online 
screening and to categorize participants to either a high MC (score > 27) or low MC group (score <  = 27)89.

Subjective stress.  The Affect Grid (AG) (99) was used as a single-item measures to repeatedly assess current 
affect. Scores for the two dimensions pleasure and arousal (ranges: 1–9), built up a composite stress score that 
ranges from 1 to 81100. Higher scores indicate a higher degree of subjective stress. The AG was administered 
seven times along with saliva sampling to capture the subjective stress response to stress (see Fig. 3).

Affect.  The Positive and Negative Affect Schedule (PANAS) (101; German version:102) was administered to 
assess self-reported positive and negative affect. The subscales Negative and Positive Affect each consist of ten 
items that are answered on a 5-point Likert scale ranging from 1 (very slightly or not at all) to 5 (very much). 
Higher sum scores for each subscale (range: 10–50) indicate higher levels of negative and positive affect, respec-
tively. The PANAS was answered three times (pre-manipulation, pre- and post-TSST) to capture changes in 
affect (see Fig. 3).

Covariates.  Variables that may affect neuroendocrine responses67,82 were assessed additionally to evaluate their 
impact as possible covariates. Multiple questions were used to measure age, BMI, and hormonal status by self-
report. Hormonal status (contraceptive intake, luteal phase, follicular phase (e.g.,103), unclear phase) was calcu-
lated from reported oral contraceptive intake, duration and onset of last menstrual cycle67. The last category was 
added to account for individuals who reported unregular or extended cycle duration (> 37 days,104), or who did 
not report the exact onset of last menses. Questionnaires were applied to assess symptoms of depression (BDI-II) 
(87; German version:105), self-esteem (Rosenberg Self-Esteem Scale (RSES)) (106; German version:107), and habit-
ual use of emotion regulation strategies (Emotion Regulation Questionnaires (ERQ)) (39; German version:108). A 
complete list of psychological measures that were assessed but not analyzed within this work is provided on the 
Open Science Framework (https://​osf.​io/​6bfhx/).

Design and sample size
A between-subjects 2 MC (high, low) × 2 regulation (reappraisal, control) study design resulting in four distinct 
groups was realized. Participants were first quasi-experimentally assigned to either a low or high MC group; 
within each group they were then alternately assigned to the reappraisal (RG) or control group (CG) as intro-
duced before.

Sample size was determined a priori using G*Power 3.1109. Based on a 2 (MC) × 2 (regulation) factorial 
ANOVA (1-β = 0.8, α = 0.05) calculations suggested a sample of N = 128 to detect a MC by regulation interac-
tion of moderate effect size (ηp

2 = 0.06). Due to pandemic related testing restrictions and time restraints of the 
associated personnel we were able to collect data of N = 97 participants only. Six participants had to be excluded 
retrospectively as (1) they did not fulfill inclusion criteria (n = 3), (2) did not understand the manipulation 
instruction (n = 1), or (3) had completely missing cortisol levels due to too little amount of provided saliva (n = 2). 
Thus, statistical analyses were based on N = 93, or N = 91 (analyses on cortisol).

Statistical analyses
Analyses were performed using R statistical software (version 4.0.4; R Core Team, 2021) and RStudio (ver-
sion 2022.2.3.492; Rstudio Team, 2022), the packages nlme110, WRS2111, and ggplot2112. Preprocessing of data 
(cortisol, stress and affect ratings) first included screening for and replacement of missing values as needed. 
Second, statistical outliers were winsorized at each timepoint, replacing them with the sample’s mean ± 3 SD at 
the respective timepoint. Third, natural log transformation of cortisol levels was applied to correct for skewness 
of data. Finally, we calculated the area under the curve with respect to increase (AUCi, Pruessner et al.113), as 
a cumulative measure of overall stress reactivity for cortisol (AUCicort, within 0 to + 40 min), subjective stress 
(AUCistress, within − 20 to + 40 min) and affect (AUCiNA (negative affect) resp. AUCiPA (positive affect), within 
− 20 to + 10 min). Natural log transformation of (AUCicort + 340) was applied to correct for skewness. Details on 
data preprocessing are provided in Supplementary S1.

As first part of the analyses we tested whether group differences occurred with regard to potential covariates. 
Multiple one-way Analyses of Variance (ANOVAs) or Fisher’s exact test were conducted with group as inde-
pendent variable and age, BMI, depressiveness, self-esteem, trait ER strategies (suppression, reappraisal) and 
hormonal status as dependent variables.

Second, two manipulation checks were conducted. To check participants’ understanding of the regulation 
instructions, two manipulation check items were examined descriptively. Group differences in understanding 
were tested using multiple Kruskal–Wallis Tests with scores of item 1 or item 2 as dependent, and the four groups 
as independent variables. To check the success of the TSST to induce stress, we used multilevel GCMs (see below).

Next, to test the hypothesized interaction of MC and regulation condition on cortisol stress responses we 
followed a two-way approach100,114, considering both (1) cortisol trajectories and (2) overall cortisol reactivity. 
As we were interested in stress-induced responses we used baseline(0 min)-adjusted cortisol levels starting from 
stressor onset (0 to + 40 min). Concerning cortisol trajectories, the effects were tested using GCMs within the 
multilevel framework. A basic model was built to describe changes in cortisol levels as a function of time (fixed 

https://osf.io/6bfhx/
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effect), while accounting for interindividual variation (random effects); followed by an interaction model, that 
included MC, regulation condition and interaction terms, as well as possible covariates as fixed effects115,116. The 
basic model served to check successful stress induction; the interaction model was used to test the hypothesized 
MC by regulation by time interaction. Models were built by step-wise inclusion of effects based on best fit: fixed 
intercept, random intercepts (across individuals), fixed time trends (linear, quadratic, cubic), random time 
trends (linear, quadratic, cubic) and a first-order autoregressive covariance structure (AR) were included to 
build the basic model; next, regulation, regulation by time, MC, MC by time, regulation by MC and the MC by 
regulation by time interaction were included as fixed effects to build the interaction model, followed by inclu-
sion of possible covariates and covariates by time interactions. Thereby, each covariate was added separately and, 
after evaluation of the model fit, was excluded to repeat the procedure for the next covariate. MC (levels: low 
MC = 0, high MC = 1), regulation condition (levels: control = 0, reappraisal = 1) and hormonal status (levels: oral 
contraceptives = 0, follicular phase = 1, luteal phase = 2, unclear phase = 3) were entered as factors into models. 
Models of increasing complexity were compared pairwise, and changes in model fit were assessed by means of 
the log-likelihood ratio and ANOVAs. Final models with best model fit are evaluated with regression coefficients 
being reported.

Concerning cortisol reactivity, a 2 (MC) × 2 (regulation) AN(C)OVA was performed with the AUCicort as 
dependent variable. A significant interaction was followed up by simple-effect analysis.

Finally, we explored the effects of MC and regulation condition on subjective-emotional stress responses 
(stress, negative and positive affect). Effects were similarly analyzed with regard to (1) changes in subjective-
emotional levels over time using GCMs, and (2) subjective-emotional reactivity (AUCistress, AUCiNA and AUCiPA) 
using multiple ANOVAs. Analyses were complimented by robust ANOVAS on 20% trimmed means for stress 
and negative affect, due to violation of parametric test assumptions.

Across analyses the level of significance was set to α = 0.05. Significant effects were followed up by Bonferroni-
corrected post-hoc t-tests. Model assumptions were checked visually or test statistically. Normal distribution was 
assessed using Shapiro–Wilk, homogeneity of variance was assessed using Levene’s tests.

Data availability
Data and code for statistical analyses are available at https://​osf.​io/​6bfhx/ (Open Science Framework, Project 
DOI: https://​doi.​org/https://​doi.​org/​10.​17605/​OSF.​IO/​6BFHX).
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