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Abstract
Background Disrupted sleep quality is one of the pro-
posed mechanisms through which chronic stress may 
lead to depression. However, there exist significant indi-
vidual differences in sleep reactivity, which is the extent 
to which one experiences sleep disturbances in response 
to stress.
Purpose The aim of the current study was to investigate 
whether low high-frequency heart rate variability (HRV), 
as a psychophysiological marker of poor emotional and 
physiological arousal regulation, predicts stress-related 
sleep disturbances associated with greater risk of depres-
sion symptoms.
Methods Using a chronic caregiving stress model, 125 
mothers of adolescents with developmental disorders 
and 97 mothers of typically developing adolescents had 
their resting HRV and HRV reactivity recorded and 
completed a measure of depressive symptoms, as well as 
a 7 day sleep diary to assess their sleep quality. A moder-
ated mediation model tested whether sleep quality medi-
ated the association between chronic stress exposure and 
depressive symptoms and whether HRV moderated this 
mediation.
Results After controlling for participant age, body mass 
index, ethnicity, socioeconomic status, and employment 
status, poor sleep quality mediated the association be-
tween chronic stress and depressive symptoms. Resting 
HRV moderated this indirect effect such that individuals 

with lower HRV were more likely to report poorer sleep 
quality in the context of chronic stressor exposure, which, 
in turn, was related to greater depressive symptoms.
Conclusions Lower HRV, a potential biomarker of in-
creased sleep reactivity to stress, is associated with 
greater vulnerability to stress-related sleep disturbances, 
which, in turn, increases the risk for elevated depressive 
symptoms in response to chronic stress.

Keywords:  Chronic stress ∙ Depression ∙ Sleep reactivity ∙ 
High-frequency heart rate variability ∙ Respiratory sinus 
arrhythmia

Chronic stress is a well-established risk factor for depres-
sion. Empirical evidence supports a causal relationship 
between chronic stressor exposure and the development 
of depressive symptoms [1]. Disrupted sleep quality is 
one of the key mechanisms that have been posited to ex-
plain how stress leads to depression [2–4]. However, there 
exist important individual differences in vulnerability to 
stress-related sleep disturbances, a construct known as 
sleep reactivity [5].

When considering the effects of transient sleep dis-
turbances, experimental studies demonstrate how acute 
sleep deprivation negatively impacts daily mood amongst 
healthy individuals [6–8]. Transient reductions in sleep 
quality have also been associated with increased nega-
tive mood in response to daily stressors [9]. Moreover, 
increased insomnia severity prospectively predicts the 
onset, maintenance, and risk of recurrence of major 
depressive disorder [10], and interventions targeting in-
somnia symptoms also yield improvements in depressive 
symptoms [11]. Thus, sleep disturbances appear to play a 
role in both the diathesis and maintenance of depressive 
symptoms over time.

Cross-sectional, longitudinal, and experimental 
studies suggest that stressor exposure is a precipitating 
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factor for the development of sleep disturbances [12, 13]. 
The association between stressor exposure and increased 
subjective and objective measures of sleep quality has 
been shown across a range of psychosocial stressors [14–
20]. Daily diary studies also indicate that perceived stress 
on a given day predicts lower sleep efficiency and sleep 
satisfaction that night [21, 22]. Longitudinal studies high-
light that chronic stressor exposure is a robust predictor 
of disrupted sleep quality over time [23–25]. However, 
not all individuals will develop sleep disturbances in re-
sponse to stressor exposure [5].

Sleep reactivity to stress appears to be a stable char-
acteristic that is influenced by both genetic and en-
vironmental factors [26, 27]. In particular, individual 
differences in physiological and emotional arousal have 
been proposed to underlie vulnerability to stress-related 
sleep disturbances [28, 29]. Within this context, high-
frequency heart rate variability (HRV), as a marker of 
vagally mediated parasympathetic activity, has recently 
been identified as a putative marker of vulnerability to 
sleep reactivity [26, 30, 31]. HRV refers to the fluctuation 
in time intervals between consecutive heartbeats. At rest, 
both branches of the autonomic nervous system influ-
ence cardiac activity; sympathetic activation accelerates 
heart rate, while parasympathetic activation is primarily 
responsible for its deceleration. While the low-frequency 
component of HRV reflects the influence of both the 
sympathetic and parasympathetic nervous system, the 
high-frequency component is predominantly modulated 
by parasympathetic output to the heart through the 
vagal nerve. More specifically, HRV is regulated by the 
integration of afferent projections from the periphery 
to the brain via the vagal nerve and efferent projections 
connecting the prefrontal cortex with the amygdala and 
the brain stem where parasympathetic output to the 
sinoatrial node of the heart is gated [32]. Poorer physio-
logical and emotional arousal regulation, indexed by 
lower resting HRV, has been associated with increased 
physiological and emotion arousal in response to stress 
[33, 34].

HRV is also associated with individual differences in 
objective and subjective assessments of sleep quality. 
Some studies suggest that both nocturnal and diurnal 
HRV differs between good sleepers and individuals with 
insomnia, but these results have not been replicated in 
all studies [35]. In some studies, diurnal HRV was more 
strongly associated with objective and self-reported 
measures of sleep quality than nocturnal HRV [36]. 
Higher HRV during resting wakefulness has been asso-
ciated with higher actigraphy-based assessments of sleep 
efficiency and sleep duration [37, 38] and negatively cor-
related with self-reported sleep onset latency and sleep 
disturbances [39].

There is emerging evidence that individual differ-
ences in diurnal HRV may also moderate the association 

between stressor exposure and sleep quality. In a study 
examining predictors of sleep reactivity, resting HRV 
predicted differences in sleep quality in response to a 
range of situational stressors [26]. Furthermore, indi-
vidual differences in HRV reactivity, changes in HRV 
in response to a laboratory stressor, were associated 
with actigraphy-based and self-report measures of sleep 
quality [40, 41] and moderated the association between 
psychosocial risk factors and the development of sleep 
disturbances [42, 43]. In longitudinal studies of aca-
demic stress, greater HRV reactivity predicted changes 
in self-reported sleep disturbances as participants tran-
sitioned from periods of lower stress to higher stress 
[30, 31]. These studies provide preliminary evidence that 
HRV may be a psychophysiological marker of sleep re-
activity. However, prior studies have focused on HRV 
within the context of laboratory stressors or ecologic-
ally valid stressors that were time limited and relatively 
predictable. Whether HRV is associated with increased 
sleep reactivity in response to more chronic and uncon-
trollable stressors has yet to be explicitly tested.

Prior studies indicate that sleep reactivity is an in-
dependent predictor of both depressive symptoms and 
of insomnia symptoms, which then further increases 
the risk of major depressive disorder [2, 4]. In parallel, 
HRV has been associated with both elevated depressive 
symptoms and insomnia severity [44, 45] and emerging 
evidence indicates that it may be a biomarker of sleep 
reactivity. This suggests that HRV may be associated 
with higher depression risk through greater stress-related 
sleep disturbances.

The goal of the current study was thus to test whether 
HRV moderates the impact of chronic stressor exposure 
on sleep quality and the mediating effect of poor sleep 
quality on the association between chronic stressor ex-
posure and depressive symptoms using a moderated me-
diation model. Using a chronic parenting stress model, 
an ecologically valid model of chronic stressor exposure 
that is both ongoing and largely uncontrollable [46], this 
study compared mothers of adolescents with develop-
mental disorders and mothers of typically developing 
adolescents. Parents of children with developmental 
disorders tend to report poorer sleep quality and more 
depressive symptoms than other parenting populations 
[47, 48] and, therefore, provide a unique opportunity to 
study the interplay between chronic stressor exposure, 
sleep quality, and depression.

It was hypothesized that the chronic caregiving stress 
group would report poorer sleep quality and greater de-
pressive symptoms as compared to the control group. 
Furthermore, it was hypothesized that sleep quality 
would mediate the association between chronic stressor 
exposure and depressive symptoms and that HRV would 
moderate the association between chronic stressor ex-
posure and sleep quality. Specifically, it was predicted 
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that individuals with lower resting HRV and increased 
HRV reactivity would be particularly vulnerable to ex-
periencing poorer sleep quality in the context of chronic 
stressor exposure, putting them at increased risk of 
developing depressive symptoms.

Method

Participants

The total sample (N  =  222) comprised of two distinct 
groups, the chronic caregiving stress group (n = 125) com-
prising mothers of adolescents with an autism spectrum 
disorder (n = 94) or intellectual disability (n = 31) and the 
comparison group of mothers of typically developing 
adolescents (n  =  97). Participants were the biological 
or legal mothers cohabiting with their child and were in 
the process of transitioning their child in or out of the 
high school system. The exclusion criteria included being 
pregnant or nursing, having a chronic medical condition 
or acute infection, regular use of anti-inflammatory 
medication, or major mental illness (e.g., schizophrenia, 
bipolar disorder, or substance abuse). Participants were 
recruited via posters and meetings at schools, community 
groups and social service centers, and ads in the local 
newspapers in the Greater Montreal Area. Participants 
were compensated $60 CAD for their participation in the 
study.

Procedure

Participants first completed an online questionnaire 
assessing sociodemographic information and depres-
sive symptoms over the past week. For seven consecu-
tive days prior to the study visit, participants completed 
a sleep diary assessing their sleep quality. Specifically, 
participants reported on their previous night’s sleep and 
functioning throughout the day before going to bed each 
night. Participants then attended a home or laboratory 
session to measure their HRV using a digital interbeat 
interval recorder (Polar RS800CX; Finland: Kempele). 
To obtain a measure of resting HRV, participants were 
seated and instructed to breathe normally and to try to 
relax as much as possible for 5 min. Following the resting 
period, the experimenter administered a worry induction 
task. Specifically, participants were asked to identify 
a topic they tended to worry about the most and then 
worry about that topic for the 5  min period [49]. This 
task elicited significant HRV reactivity in prior studies 
[30, 31, 50]. Anthropometric measurements were also 
taken to calculate body mass index (BMI). To account 
for diurnal variations in HRV, testing sessions were com-
pleted in the morning before noon while participants 
were fasting [51].

Measures

Heart rate variability

At the beginning of the laboratory session, participants 
were fitted with a digital interbeat interval recorder (Polar 
RS800CX; Finland: Kempele). This device recorded 
the timing between consecutive R-peaks of QRS com-
plexes (interbeat intervals) at a sampling rate of 1,000 
Hz. Interbeat intervals were visually screened for re-
cording artifacts and manually corrected in CardioEdit. 
HRV values were calculated with CardioBatch from 
corrected interbeat interval (IBI) files according to the 
Porges–Bohrer method [52]. First, a moving polynomial 
is applied to the IBI time series to remove HRV associ-
ated with slower periodic or aperiodic processes. Then, a 
bandpass filter is applied to the detrended time series to 
isolate HRV attributable to the typical respiratory cycle 
frequency in adults (between 0.12 and 0.40 Hz) to assess 
respiratory sinus arrhythmia. Variance scores were cal-
culated from 30 s epochs of the detrended and filtered 
IBI time series. These HRV values were log-transformed 
and averaged across the different epochs within each 
task. HRV reactivity was computed as the difference be-
tween participant’s HRV during the resting period and 
the 5 min worry induction task.

Depressive Symptoms

The Center for Epidemiologic Studies Depression Scale 
(CES-D; 53) is a 20-item self-report scale that was used 
to assess the frequency of depressive symptoms during 
the past week. Participants were asked to rate how many 
days during the past week they felt or behaved a certain 
way on a four-point Likert scale (0 = less than 1 day and 
3  =  5–7  days). Responses on each item were summed, 
with higher scores indicating more depressive symp-
toms. Scores range from 0 to 60; any score above 16 is 
considered to be a clinically significant level of depressive 
symptoms [53]. The sample specific Cronbach’s α was .91.

Sleep Quality

Sleep quality was evaluated over seven consecutive days 
using sleep diaries adapted from the Consensus Sleep 
Diary [54]. Specifically, the sleep diary assessed total time 
spent in bed, total sleep time, sleep onset latency, wake 
time after initial sleep onset, and early morning awaken-
ings. Participants also rated their sleep satisfaction on a 
four-point Likert scale (1 = Very bad and 4 = Very good) 
and were asked to rate their level of fatigue throughout 
the day (0 = Not at all fatigued and 5 = As fatigued as 
I could be; reverse coded). Sleep efficiency was calculated 
as a ratio of total sleep time to total time spent in bed, 
with a higher ratio indicative of better sleep efficiency 
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[55]. Total time spent in bed was calculated by adding 
the time between when the participant went to bed at 
night and got out of bed in the morning. Total sleep time 
was calculated by subtracting sleep onset latency, noc-
turnal awakenings, and early morning awakenings from 
the total time in bed. Sleep efficiency, sleep duration (i.e., 
total sleep time), sleep satisfaction, and fatigue were re-
corded for each participant on each day. A mean value 
across the entire sleep diary period was also computed. 
A  global sleep quality composite was then calculated 
by averaging the standardized means of all four indices 
such that higher scores represented better sleep quality. 
This provided a unified measure of sleep quality that 
accounts for multiple dimensions of subjective sleep 
quality, including waking variables, important to both 
good sleepers and individuals with insomnia [56] and 
that is consistent with sleep health recommendations 
[57]. The Cronbach’s α for this composite was .75.

Statistical Analysis

A moderated mediation model was used to test the main 
study hypothesis that sleep quality mediates the associ-
ation between chronic stressor exposure and depressive 
symptoms and that HRV moderates the association 
between chronic stressor exposure (coded as −1 for 
participants in the comparison group and +1 for parti-
cipants in the chronic caregiving stress group) and sleep 
quality. This model simultaneously tests the effect of 
chronic stressor exposure on sleep quality (path a) and 
sleep quality on depressive symptoms (path b), as well 
as the total (path c), direct (path c’), and indirect effect 
of chronic stressor exposure on depressive symptoms 
(path ab) using a series of regression models. Further, 
it tests the interaction of chronic stressor exposure and 
HRV in predicting sleep quality and the conditional in-
direct effect of chronic stressor exposure on depressive 
symptoms. This model also computes an index of the 
moderated mediation. Using bootstrapping procedures, 
a 5,000 bootstrapped sample was used to compute 95% 
bias corrected confidence intervals (CIs) for each effect. 
Data was analyzed using the PROCESS macro (Model 
7; [58]) in SPSS version 25.

Participant socioeconomic status (SES) was calculated 
as a composite of the standardized means of their edu-
cation level and reported annual household income. This 
SES variable was included along with participant age, 
BMI, ethnicity (coded as 0 for those who self-identified 
as White and 1 for those who did not self-identify as 
White), and employment status (coded as 1 for employed 
and 0 for unemployed) as covariates in the model. These 
covariates were selected given their known associations 
with HRV and sleep or depressive symptoms in prior 
studies [59–61]. Inclusion of these covariates did not 

change the pattern of results for the moderated medi-
ation models; therefore, only fully adjusted models are 
presented in the manuscript.

Two outliers, defined as a score 3 standard deviations 
(SDs) away from the sample mean, were identified on the 
sleep duration variable; these scores were then winsorized 
to 3 SDs above the sample mean. One participant had 
missing data for sleep efficiency and sleep duration, so 
only their self-reported fatigue and sleep satisfaction 
were used to compute their sleep quality score. For the 
main statistical analyses, scores on the CES-D were log-
transformed to correct for positive skewness in this vari-
able. An alpha level of .05 was used in the current study.

Results

Descriptive Statistics and Intercorrelations

Descriptive statistics and group comparisons of partici-
pants’ sociodemographic characteristics are presented in 
Table 1. On average, participants completed 6.05 out of 
7 daily diaries (SD  =  1.44). In total, 35.6% of partici-
pants self-reported difficulty falling sleep, staying asleep, 
or early morning awakenings lasting longer than 30 min 
at least three times during the sleep diary period, which 
is suggestive of clinically significant insomnia symp-
toms. Further, 28.2% of the sample reported an average 
sleep efficiency ratio of less than .85. In terms of depres-
sive symptoms, 41.0% of the sample had a score on the 
CES-D above the clinical cutoff  suggesting the presence 
of clinically significant depressive symptoms.

Spearman’s rho correlations were computed amongst 
the main study variables. There was a marginally signifi-
cant negative correlation between resting HRV and de-
pressive symptoms r(220) = −.13, p = .06. Frequency of 
depressive symptoms was significantly negatively correl-
ated with sleep quality, r(220) = −.42, p < .001, including 
shorter sleep duration, r(218) = −.15, p = .03, lower sleep 
efficiency, r(220) = −.30, p < .001, lower sleep satisfac-
tion, r(219) = −.44, p < .001, and greater daytime fatigue, 
r(220) = −.41, p < .001. HRV reactivity was not signifi-
cantly correlated with depressive symptoms or any of the 
sleep quality parameters.

Group Comparisons Amongst the Main Study Variables

As reported in Table 1, independent samples t-tests were 
run to test group differences on the main study vari-
ables. Overall, the chronic caregiving stress group was 
older, t(220) = 2.51, p = .013, d = 0.34, and had older 
children, t(219) = 3.91, p < .01, d = 0.56, than the com-
parison group. They also reported greater depressive 
symptoms, t(220) = 2.40, p = .017, d = 0.33, and poorer 
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overall sleep quality, t(220) = −3.13, p < .001, d = 0.43. 
Specifically, the chronic caregiving stress group slept 
less hours, t(218) = −2.46, p = .015, d = 0.35, and were 
more fatigued, t(220) = 3.93 p < .01, d = 0.53, than the 
comparison group. Group differences in sleep efficiency 
were marginally significant, with the chronic stress 
group reporting poorer sleep efficiency, t(218) = −1.92, 
p = .056, d = 0.33. Sleep satisfaction did not differ as a 
function of  group, t(219) = 1.12, p = −.266, d = 0.14, 
and neither did resting HRV, t(220) = −1.26, p = .209, 
d = 0.17 or HRV reactivity, t(214) = −.82, p  =  .412, 
d = 0.11.

Moderated Mediation Analyses

As illustrated in Fig.  1, a moderated mediation model 
was used to the test the main study hypothesis. When 
controlling for participant age (β  =  −.001, standard 
error [SE] = .004, p = .752), BMI (β = .002, SE = .004, 
p = .604), ethnicity (β = 0.08, SE = 0.05, p = .156), SES 
(β  =  −0.02, SE  =  0.05, p  =  .420), employment status 
(β = −0.06, SE = 0.06, p = .274), and HRV (β = −0.03, 
SE = 0.02, p = .112), the total effect of chronic stressor 
exposure (i.e., having an adolescent with an autism spec-
trum disorder or intellectual disability) on depressive 
symptoms was statistically significant (path c in Fig. 1; 
β  =  0.05, SE  =  0.02, p  =  .047, 95% CI [0.001, 0.09]) 

such that chronic stressor exposure was associated with 
greater depressive symptoms.

When adjusting for the effects of participant age 
(β  =  −0.008, SE = 0.01, p = .337), BMI (β = −0.01, 
SE = 0.008, p = .073), ethnicity (β = −0.35, SE = 0.11, 
p  = .002), SES (β = −0.04, SE = 0.06, p = .548), and 
employment status (β = 0.16, SE = 0.11, p = .164), the 
effect of chronic stress on sleep quality was statistic-
ally significant such that chronic stressor exposure pre-
dicted poorer sleep quality (path a; β = −0.15, SE = 
0.05, p  =  .002, 95% CI [−0.25, −0.06]). Further, when 

Table 1. Comparison of participants’ sociodemographic characteristics and the main study variables as a function of group

Chronic stress group Comparison group t (d)

M (SD) M (SD)

Participant age (years) 47.71 (6.15) 45.69 (5.69) −2.51* (0.34)

Child age (years) 16.45 (2.82) 15.16 (1.80) −3.91** (0.56)

BMI 28.01 (5.86) 27.58 (6.71) −0.50 (0.07)

Income (CAN$) 64,919.31 (41,667.45) 66,822.91 (42,414.76) 0.33 (0.05)

HRV ln(ms2) 5.55 (1.30) 5.77 (1.31) 1.26 (0.17)

HRV reactivity ln(ms2) −0.23 (.72) −0.16 (0.55) 0.82 (0.11)

Depressive symptoms 17.89 (10.93) 14.40 (10.44) −2.40* (0.33)

Sleep quality −0.14 (0.77) 0.18 (0.68) 3.13** (0.43)

Sleep efficiency 0.86 (0.10) 0.89 (0.08) 1.92’ (0.35)

Sleep duration (hours) 6.72 (1.02) 7.04 (0.89) 2.46* (0.33)

Sleep satisfaction 2.88 (0.55) 2.95 (0.46) 1.12 (0.14)

Fatigue 2.61 (0.88) 2.16 (0.83) −3.93** (0.53)

 % % χ 2

Relationship status (% in a current romantic relationship) 75.2 77.3 0.14

Ethnicity (% self-identified as White) 80.8 74.2 1.37

Employment status (% employed) 72.8 76.3 0.35

Education level (% graduated from university) 46.4 47.4 8.76

BMI body mass index; HRV heart rate variability; ln logarithmic transformation of power spectral measures; SD standard deviation.

**p < .01, *p < .05, ’p < .10. 

Sleep Quality 

Chronic Stress  
Depressive 
Symptoms 

HRV 

  

0.08* (0.04)

–0.18** (0.03)–.015* (0.05)

0.02* (0.01)

0.05* (0.02)

0.02 (0.02)

Fig. 1. Visual depiction of the moderated mediation model 
tested. Beta coefficients and corresponding standard errors (in 
parentheses) for each effect are also presented. The dotted arrow 
refers to the direct effect of chronic stress predicting depressive 
symptoms when controlling for the effect of sleep quality. **p < 
.01, *p < .05. HRV = resting high-frequency heart rate variability.
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controlling for participant age (β = −0.001, SE = 0.004, 
p = .717), BMI (β = 0.002, SE = 0.004, p = .948), eth-
nicity (β = 0.002, SE = 0.05, p = .961), SES (β = −0.03, 
SE = 0.03, p = .305), and employment status (β = −0.04, 
SE = 0.05, p = .417), the effect of sleep quality on depres-
sive symptoms was also statistically significant, whereby 
poorer sleep quality was associated with greater depres-
sive symptoms (path b; β = −0.18, SE = 0.03, p < .01,95% 
CI [−0.24, −0.12]).

After controlling for sleep quality, the direct effect of 
chronic stressor exposure on depressive symptoms was 
no longer statistically significant and reduced compared 
to the total effect (path c'; β = 0.02, SE = 0.02, p = .369, 
95% CI [−0.02, 0.06]). The indirect effect of chronic 
stressor exposure on depressive symptoms was statistic-
ally significant (path ab; β = 0.02, SE = 0.01, 95% CI 
[0.01, 0.04]). Taken together, this pattern of results sug-
gests that sleep quality partially mediated the association 
between chronic stressor exposure and frequency of de-
pressive symptoms. This model accounted for 18.18% of 
the variance in depressive symptoms.

As part of the moderated mediation hypothesis, 
the interaction between chronic stressor exposure and 
resting HRV in predicting sleep quality was tested. There 
was a statistically significant interaction between chronic 
stressor exposure and resting HRV in predicting sleep 
quality (β = 0.08, SE = 0.04, p = .036, 95% CI [0.005, 
0.15], R2= .02). As illustrated in Fig. 2, there was a signifi-
cant association between chronic stressor exposure and 
poor sleep quality at lower resting HRV levels (effect = 
−0.26, SE = 0.07, p < .001, 95% CI [−0.39, −0.12]) but 
not at higher resting HRV levels (effect = −0.05, SE = 
0.07, p = .450, 95% CI [−0.17, 0.11]). Further, the 95% 
CI around the index of moderated mediation suggests 
that resting HRV moderated the indirect effect of sleep 
quality on the association between chronic stressor ex-
posure and depressive symptoms (index = −0.01, boot 
SE = 0.01, 95% CI [−0.03, −0.001]). Specifically, the 

conditional indirect effect of chronic stress on depressive 
symptoms was statistically significant at lower resting 
HRV (effect = 0.05, boot SE = 0.01, 95% CI [0.02, 0.08]) 
but not higher resting HRV (effect = 0.009, boot SE = 
0.01, 95% CI [−0.01, 0.04]). Given that the CES-D in-
cluded a sleep-related item ("My sleep was restless"), 
analyses were repeated while omitting this item. The pat-
tern of results remained the same such that the moder-
ated mediation remained statistically significant (index = 
−0.01, boot SE = 0.006, 95% CI [−0.03, −0.003]). As ex-
cessive fatigue is a symptom of depression, analyses were 
also repeated using a sleep quality variable excluding the 
daily fatigue component. Again, the pattern of results 
remained the same; the moderated mediation remained 
statistically significant, index = −0.01, boot SE = 0.006, 
95% CI [−0.03, −0.001].

In contrast, HRV reactivity did not moderate the as-
sociation between chronic stressor exposure and sleep 
quality, β = −0.05, SE = 0.07, p = .494, 95% CI [−0.19, 
0.09], R2 = .002. The index of  moderated mediation was 
also not significant for HRV reactivity (index = 0.009, 
boot SE = 0.01, 95% CI [−0.01, 0.04]). These analyses 
were repeated using residualized change scores as an al-
ternative way to calculate HRV reactivity; the pattern 
of  results remained the same; the moderated mediation 
was not statistically significant; index = −0.005, boot 
SE = 0.01, 95% CI [−0.03, 0.02].

Discussion

The goals of the current study were to investigate 
whether sleep quality mediated the association between 
chronic stressor exposure and depressive symptoms and 
whether HRV moderated this association. As hypothe-
sized, chronic stressor exposure was associated with 
decreased sleep quality, which then predicted greater 
depressive symptoms. Moreover, this mediation effect 
was moderated by HRV. Specifically, individuals with 
lower resting HRV were more likely to report poorer 
sleep quality in the context of chronic stressor exposure 
than their counterparts with higher HRV. These findings 
suggest that lower HRV may be a biomarker of sleep re-
activity to stress and that vulnerability to stress-related 
sleep disturbances may be a key pathway through which 
individuals with lower HRV are at greater risk for stress-
related depressive symptoms.

In the current study, individuals with lower resting 
HRV were more susceptible to experiencing poorer sleep 
quality in the context of chronic stressor exposure than 
individuals with higher HRV. Contemporary models 
of insomnia posit that emotional and physiological 
hyperarousal are key factors involved in the development 
and maintenance of sleep disturbances [29]. It is well 
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simple slopes.
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known that stress increases arousal, and individuals with 
lower HRV are more likely to exhibit increased arousal 
in response to stress. Specifically, in addition to increased 
emotional arousal [33, 50], lower HRV is also associated 
with increased physiological arousal as indicated by 
increased blood pressure and cortisol [34]. This stress-
induced hyperarousal may interfere with sleep onset and 
maintenance among individuals with lower resting HRV.

Sleep reactivity, the tendency to experience sleep dis-
turbances in response to stress exposure, has been asso-
ciated with greater risk of depression, over and above the 
effects of insomnia severity [2, 4]. Prior work indicates 
that lower HRV is associated with greater sleep disturb-
ances in response to acute laboratory challenges, as well 
as predictable and time-limited naturalistic stressors [26, 
30, 31]. The present findings provide further evidence 
that lower resting HRV may be a biomarker of sleep re-
activity. Specifically, the current study extended previous 
findings by examining the link between HRV and sleep 
reactivity in the context of a chronic stressor.

Sleep quality mediated the association between 
chronic stressor exposure and depressive symptoms in 
the current study. This is consistent with previous re-
search that highlights disrupted sleep quality as a key 
mechanism linking stress and depression [2, 3, 62]. The 
present findings suggest that this greater sleep reactivity 
may be one of the pathways through which individuals 
with lower HRV are at greater risk of developing depres-
sive symptoms in response to chronic stressor exposure. 
The literature on the link between HRV and depressive 
symptoms has previously been characterized by modest 
and heterogeneous effect sizes [44]. Recent findings sug-
gest that accounting for sleep disturbances may explain 
some of the heterogeneity in the association between low 
HRV and depression [41, 63, 64].

However, contrary to what was hypothesized, the 
moderated mediation effect with HRV reactivity was not 
significant. This is consistent with a recent daily diary 
study that demonstrated that individual differences in 
resting HRV, but not HRV reactivity, moderated the 
association between sleep quality and depressive symp-
toms amongst individuals with a prior history of de-
pression [63]. Furthermore, while resting levels of HRV 
is a reliable predictor of psychopathology, the predictive 
utility of HRV reactivity has been limited by methodo-
logical challenges. Specifically, findings from a recent 
meta-analysis suggest that null findings can partially be 
attributed to systematic differences in the baseline and 
reactivity procedures used, as well as participants’ sex 
[65]. The current study included only females and used a 
worry induction task as the reactivity procedure. Future 
studies should include both sexes and test whether dif-
ferent reactivity procedures modify the association be-
tween HRV reactivity and stress-related sleep reactivity.

The chronic caregiving stress model used in the present 
study included mothers of adolescents with an autism 
spectrum disorder or intellectual disability. Although 
mothers of children with special needs report more de-
pressive symptoms than mothers of typically developing 
children [66], prior research indicates that mothers of 
children with autism report more parenting stress than 
mothers of children with other developmental disabil-
ities [67]. In the present study, additional follow-up ana-
lyses indicated that mothers of adolescents with autism 
spectrum disorder (ASD) showed the highest levels of 
depressive symptoms and poorest sleep quality, followed 
by mothers of adolescents with intellectual disabilities 
and then mothers of typically developing adolescents. 
However, significant group differences in depressive 
symptoms, t(189) = 2.25, p = .025, d = 0.33, and sleep 
quality, t(189) = −3.36, p = .001, d  = 0.49, were ob-
served between mothers of adolescents with ASD and 
mothers of typically developing adolescents but not be-
tween mothers of adolescents with ASD and mothers of 
adolescents with other developmental disabilities (de-
pressive symptoms, t(123) = −0.085, p = .932, d = 0.02; 
sleep quality, t(123) = 1.06, p = .294, d = 0.22). Of note, 
although the chronic caregiving stress group displayed 
worst overall sleep quality, the overall differences were 
of small magnitude. These results dovetail with prior 
studies highlighting individual differences in sleep re-
activity to stress [5]. Furthermore, while it is often as-
sumed that caregivers and noncaregiving populations 
differ on health outcomes, the association between 
caregiver status and health is heterogeneous and influ-
enced by other individual differences [68]. Low resting 
HRV may be one interindividual factor that places cer-
tain caregivers at an increased risk for stress-related sleep 
disturbances.

One of the key limitations of this study is its 
cross-sectional design, precluding inferences of direc-
tionality among the associations observed. Depressive 
symptoms may have preceded sleep disturbances [69]. 
An alternative model wherein lower HRV is related to 
increased vulnerability to the effects of sleep depriv-
ation on mood is also possible [63]. The cognitive energy 
model [70] posits that sleep loss deplete the cognitive re-
sources required for adaptive self-regulation, which may 
be enhanced among individuals with lower HRV who 
may have less self-regulatory capacity [33]. Although al-
ternative moderated mediation models wherein depres-
sive symptoms was the mediator or HRV moderated 
the association between sleep quality and depressive 
symptoms were not significant (data not shown), these 
alternative conceptualizations cannot be ruled out in 
this cross-sectional study. As such, longitudinal studies 
are required to better comment on the directionality of 
the observed associations. Furthermore, chronic stressor 
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exposure was inferred by caregiver status; future studies 
should include continuous measure of stress severity 
(e.g., child’s symptoms severity) rather than relying on a 
dichotomous caregiving variable [71]. This is important 
to consider given that different individuals with the same 
diagnosis of ASD or intellectual disability may exhibit a 
wide range of functioning that is directly impacting the 
caregiving stress experienced by the mother. Moreover, 
the generalizability of the sample is limited such that fu-
ture studies should include men as sex and gender differ-
ences have been found in relation to HRV [72], insomnia 
[73], and depression [74]. In the current study, partici-
pant age also differed across groups and may represent 
an important confound as age is independently asso-
ciated with both HRV and sleep disturbances [59, 75]. 
However, the associations observed in the current study 
were found over and above the effects of age. Moreover, 
a longer assessment of the sleep quality variables (e.g., 
2 weeks instead of 1 week) would better capture the in-
stability of sleep quality characteristic of poor sleepers 
[76]. Furthermore, the inclusion of objective measures of 
sleep quality is also warranted.

Meta-analytic studies suggest that lower HRV is as-
sociated with elevated depressive symptoms [44, 77]. 
The present findings indicate that individuals with lower 
HRV are more likely to experience stress-related impair-
ment in sleep quality and, in turn, poor sleep explains 
part of the association between chronic stressor ex-
posure and depressive symptoms for these individuals. 
This suggests that sleep-focused treatment could play 
an important role in preventing depressive symptoms 
in the context of chronic stressor exposure, particularly 
among individuals with lower HRV. Cognitive behavioral 
therapy for insomnia is the current gold standard treat-
ment for chronic insomnia [78]. Even when it includes 
only sleep-related interventions, CBT for insomnia also 
reduces depression [79]. This intervention strategy, which 
has already been successfully adapted to caregiving 
populations, may be particularly helpful for individuals 
who are facing exposure to uncontrollable and unpre-
dictable stressors [80], such as parents of children with 
developmental disabilities. Individuals with lower HRV 
may reap larger benefits from such sleep-focused inter-
vention. However, at this time, a clinical HRV threshold 
value has not been identified to select individuals who 
would benefit most from such treatment. Future studies 
should investigate the clinical utility of HRV measures 
in tailoring treatments for individuals facing chronic 
stressor exposure. Furthermore, there is also research 
indicating that successful CBT for depression is associ-
ated with increases in HRV [81, 82] and that HRV bio-
feedback enhances the efficacy of CBT for depression 
[83]. It is possible that interventions that increase HRV 
may then reduce sleep reactivity. Further empirical work 
is needed to test this hypothesis.

Taken together, the results from the current study sug-
gest that low resting HRV moderates the impact of 
chronic stressor exposure on sleep quality. Specifically, 
low HRV appears to be a psychophysiological marker of 
sleep reactivity that is associated with risk for elevated 
depressive symptoms in response to chronic stressor ex-
posure. Future studies should replicate these findings 
in longitudinal studies and evaluate whether difficulties 
with physiological and emotional arousal regulation ex-
plain the risk for poor sleep and depression associated 
with lower HRV.
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