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Introduction: Depression and anxiety symptoms are commonly experienced by women during pregnancy
and may have negative consequences on mothers and newborns. Deterioration of sleep quality throughout
pregnancy increases insomnia, which may lead to adverse outcomes including increased psychopathology in
the perinatal period. Thus, identifying women at high risk of developing insomnia may have important
clinical implications on maternal—fetal outcomes. Stress-related sleep reactivity is a well-established risk
factor for future insomnia, depression, and anxiety in general adult samples. However, little is known of sleep
reactivity and its relations to sleep and mood pathology in pregnancy. Therefore, we explored sleep reactivity
in pregnant women and its relations to prenatal symptoms of insomnia, depression, anxiety, and suicidality.
Method: Sixty-two pregnant women (mean age 33.6 + 3 years, 20.6 + 0.6 weeks of pregnancy) were
evaluated during their routine visit at the Gynecological Unit of the University of Pisa, Italy, using the
Insomnia Severity Index (ISI) for insomnia symptoms, the Ford Insomnia Response to Stress Test for sleep
reactivity (FIRST), Edinburgh Postnatal Depression Scale (EPDS) for depressive symptoms, and the Zung
Self Rating Anxiety Scale (SAS) for anxiety symptoms. Item #10 of the EPDS was used to assess for
suicidality. Differences in means between women with high vs low stress-related sleep reactivity were
calculated using t-test or Mann—Whitney U/Wilcoxon test. Linear/multiple regression analyses have
been performed to study associations between variables.
Results: Pregnant women with high stress-related sleep reactivity, relative to those with low reactivity,
reported greater symptoms of insomnia (t = 6.5, 0.004) as well as higher rates of depression (62.0% vs
6.1%, p < 0.001), anxiety (55.1% vs 15.1%, p = 0.030), and suicidality (17.2% vs 3.0%, p = 0.025).
Multivariate models revealed sleep reactivity to correlate independently with symptoms of insomnia,
depression, and anxiety, when controlling for comorbid symptoms.
Conclusions: In mid-pregnancy, women with high sleep reactivity report elevated symptoms of
insomnia, depression, and anxiety, and are more likely to endorse suicidal ideation. As a prognostic
marker of future insomnia and psychiatric illness, early detection of high prenatal sleep reactivity holds
potential to prevent the development of sleep and mood pathology during pregnancy, thereby poten-
tially improving maternal and child outcomes.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Pregnancy is one of the most important phases in the life of a
woman. Despite being a natural phenomenon, pregnancy is
accompanied by major physiological, psychological and social
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that 8.5%—10% of women during pregnancy and from 6.5% to 12.9%
in the first post-partum year are clinically depressed [1]. When
considering subclinical levels of depression, approximately 50% of
women endorse severe depressive symptoms during pregnancy
and after delivery [2]. Although depression during pregnancy re-
ceives considerable clinical and research attention, rates of anxiety
during pregnancy are similarly high, ranging from 25% to 45% [3,4].

When untreated, psychopathology related to pregnancy pro-
duces profound adverse effects on maternal health, including
suicidal thoughts and behaviors [1,5,6], and may also impact long-
term child development throughout adulthood [1,6]. Indeed,
children of psychiatrically ill mothers report impaired emotion
regulation, increased stress reactivity, and maladaptive cognitions
as young as early childhood to adult life [1,6,7]. To improve both
mother and child outcomes, at-risk pregnant women must be
identified prior to the development of depression or anxiety.

Sleep disorders such as insomnia are highly prevalent during
pregnancy, particularly during the third trimester [8,9]. Critically,
insomnia is a widely recognized risk factor for psychiatric disorders
and suicidality [10—12], and is implicated in increasing the risk of
depression and anxiety during pregnancy [ 13—17]. Moreover, suicide
is one of the leading causes worldwide of maternal deaths during
pregnancy [18,19] and suicidal ideation has been linked to sleep
disturbance and insomnia symptoms [20—22]. Thus, early detection
of pregnant women at high risk of developing insomnia, depression,
and anxiety may have important clinical benefits for maternal-child
outcomes: preventing or treating sleep disturbance could be a cost-
effective method for preventing maternal psychopathology and
associated consequences for the mother and child [9,14,23].

Stress exposure commonly triggers insomnia development [24],
although clearly not everyone who is exposed to stress develops
insomnia. By extension, the manner in which individuals regulate
stress determines whether insomnia develops. The degree to which
sleep is disrupted in response to stress exposure is referred to as
sleep reactivity [25—27]. Sleep reactivity is a trait characteristic,
and individuals with high sleep reactivity (ie, sleep systems easily
disrupted by stress) have been shown to be at high risk for devel-
oping insomnia as compared to those with low sleep reactivity
(ie, more robust sleep systems) [24,27,28]. Notably, high sleep
reactivity is linked to greater cognitive-emotional hyperarousal and
stress dysregulation [29], and even pre-exists the development of
depression and anxiety [27].

Premorbid sleep reactivity accurately identifies adults at elevated
risk for future insomnia, depression, and anxiety [27]. However,
little is known about sleep reactivity levels or correlates in pregnant
women. Given the prognostic value of sleep reactivity in general
samples, characterizing sleep reactivity in pregnant women holds
immense potential. In the present study, we collected cross-
sectional self-report data on sleep reactivity, insomnia, depression,
anxiety, and suicidality from 62 women in mid-pregnancy. We hy-
pothesized that pregnant women with high sleep reactivity would
report higher symptom levels of insomnia, depression, and anxiety.
In addition, we hypothesized that highly sleep reactive pregnant
women would be more likely to endorse suicidality as compared to
women with low sleep reactivity. Finally, we ran multivariate
analyses to explore specificity of associations among sleep reactivity,
insomnia, depression, and anxiety during mid-pregnancy.

2. Methods

2.1. Selection of subjects and distribution of psychometric
questionnaire

The current study included a subsample of participants from a
larger, ongoing research study investigating the effects of prenatal

sleep disorders and psychopathology on acute and long-term
mother-child outcomes. Subjects were recruited during their first
routine evaluation at the Gynecological Unit of the University of
Pisa, from January 2017 through January 2018, during the first
trimester of pregnancy. Our assessment represented the baseline
evaluation of the longitudinal ongoing project aiming to follow up
women from pregnancy to the 12th month after childbirth.

The inclusion criteria were: age >18 years; willingness to sign an
informed consent to the study. The exclusion criteria were poor
knowledge of the Italian language or other limitations related to
Italian communication. The Ethics Committee of the University of
Pisa approved the study protocol. The analyses of the present study
refer to women who completed all the questionnaires necessary for
the purpose of this study. All women were administered with a set
of questionnaires that included the Ford Insomnia Response to
Stress Test (FIRST) [25] to investigate stress-related sleep reactivity,
the Insomnia Severity Index (ISI) [30] to evaluate insomnia symp-
toms, the Edinburgh Postnatal Depression Scale (EPDS) to measure
depressive symptoms [31] the Zung Self-Rating Anxiety Scale (SAS)
[32] to explore anxiety symptoms. Suicidality was evaluated with
the Item number 10 of the EPDS according to literature recom-
mendation [33]. Al subjects completed socio-demographic
questionnaire, which included age, educational level, marital, and
socioeconomic status and employment.

2.2. Sleep scales

Sleep reactivity was calculated with the Ford Insomnia Response
to Stress Test (FIRST) [25]. The FIRST is a self-administered ques-
tionnaire that provides an indicator of an individual's overall level of
“sleep reactivity” or the degree to which the person is vulnerable to
sleep disturbance when exposed to stress. The questionnaire in-
cludes items relevant to situational sleep-disturbing stimuli (For
example: “When you experience the following situations, how likely
is it for you to have difficulty sleeping?”, “After a stressful experience
during the day?”; “After an argument?”) with a 4-point Likert scale
(1 = not likely; 4 = very likely). The sum yields a global FIRST score
ranging from 9 to 36. A higher score indicates a higher level of sleep
reactivity to the stimuli and, according to the authors' recommen-
dations, FIRST scores >16 indicate elevated sleep reactivity [25] For
the Italian version see Palagini et al., 2016 [34]. The FIRST was
validated as a valuable tool to evaluate sleep reactivity during
pregnancy [35].

Insomnia severity was evaluated with the Insomnia Severity
Index (ISI) [30]. The ISI is a 7-item self-report questionnaire with a
two week recall period. The sum yields a global score ranging from
0 to 28. For the purposes of this study, according to the ISI authors'
recommendations, an ISI score of 8 or higher indicated insomnia
symptoms. The ISI has been validated in previous Italian samples
[36]. The ISI has also been used in samples of pregnant women (eg,
Ref. [13]).

2.3. Psychiatric scales

Depressive symptoms were assessed using the Edinburgh Post-
natal Depression Scale (EPDS). The EPDS is a 10-item, widely used
screening scale for depression during pregnancy [31]. The EPDS
items asked participants to rate how they felt during the previous
seven days. Response categories were scored 0, 1, 2, or 3 for each
item according to increased severity of the symptoms. Items 3 and
5—10 were reversed scored. According to the author's recommen-
dations, we used the EPDS score >10 as indicative of depressive
symptoms [31]. Suicidal ideation was defined based on item 10.
Item 10 asked participants to rate the frequency of “the thought of
harming myself has occurred to me” in the past seven days as “yes,
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quite often,” “sometimes,” “hardly ever,” or “never.” For suicidal
ideation, participants who gave a response of “yes, quite often,”
“sometimes,” or “hardly ever” were categorized as “yes,” but cate-
gorized as “no” when endorsing the response category “never.”
When evaluating the relationship between EPDS and suicidality, the
EPDS score was re-calculated and item 10 was excluded to avoid
multicollinearity. The EPDS has been previously used in Italian
samples [33].

Anxiety symptoms were assessed with the Zung Self-rating
Anxiety Scale (SAS): the SAS is a 20-item self-report assessment,
divided into four groups of manifestations: cognitive, autonomic,
motor and central nervous system symptoms. Each question is
scored on a Likert-type scale of 1—4. The total score ranges from 0 to
80. The presence of clinically relevant anxiety symptoms is
indicated by SAS scores >44 [32,37].

2.4. Statistical analysis

The statistical analyses were performed using NCSS (2008).
Results were expressed as Mean + Standard Deviation (SD). The
Shapiro Wilk Test was used to check the normality of the variables.
To test our hypotheses, we compared pregnant women with high vs
low sleep reactivity for group differences in symptoms of insomnia,
depression, and anxiety, and endorsement of suicidality; specif-
ically, we conducted t-tests for normally distributed variables, or
the Mann—Whitney U/Wilcoxon Test for non-normally distributed
variables. Categorical variables were analyzed via the %2 test.
Following these analyses, we conducted series of univariate and
multivariate regression models to identify factors uniquely associ-
ated with our four primary clinical outcomes: insomnia, depres-
sion, anxiety, and suicidality; linear models were used to predict
continuous outcomes, whereas logistic models were used to

predict binary outcomes. Specifically, significant predictors in
univariate models were subsequently entered into a multivariate
model. These multivariate models identified factors that were
independently associated with the clinical outcome of interest
while controlling for potential confounds.

3. Results
3.1. Descriptive statistics

See Table 1 for full sample characteristics. Of the 100 potential
participants evaluated, 62 pregnant women (mean age 33.2 + 4.6
years) were included in the study. Thirty-eight subjects did not
complete participate in this study. Reasons for non-participation
included disinterest in participating, scheduling conflicts, and
continued obstetric care outside the University Hospital (as noted
above, the parent project is a longitudinal study, thus inability to
participate in the full study was exclusionary). Most subjects had a
partner, were employed, and had a medium-to-high level of education
and socio-economic status. Twenty-nine subjects (46.7%), presented
with high stress-related sleep reactivity and, accordingly, 27.9% of the
full sample reported elevated insomnia symptoms. Over one-third of
the sample also endorsed severe symptoms of depression (33.3%) and
anxiety (34.4%), and 9.6% of the sample endorsed suicidality.

We then compared pregnant women with high sleep reactivity
(FIRST > 16) vs pregnant women with low sleep reactivity
(FIRST < 16). Subjects with high sleep reactivity reported higher
symptom levels of insomnia and depression. An association
wherein highly reactive sleepers endorsed greater anxiety
approached significance (p = 0.059). Chi-square analyses showed
that pregnant women with high sleep reactivity more likely to
screen positive for depression (x> = 1.4 p < 0.001). Along these

Table 1
Demographic and psychometric variables.

Pregnant women Pregnant women Pregnant women tory2 p

Total sample FIRST>16 FIRST <16 (df=2)

1rst trimester (n=29) (n=33)

(n=62)
Age (years)
mean + SD 332 +46 342 +2 322+22 14 0.372
Gestational week 20.6 + 0.6 19.1 + 0.6 21.6 + 0.6 1.6 0.453
Marital status
Married/de facto % (n°) 96.7 (60) 96.5 (28) 96.9 (32) 0.005° 0.729
Employment status
employed % (n°) 98.3 (59) 93.1(27) 96.9 (32) 1.8° 0.883
Level of education
diploma and higher % (n°) 83.8 (52) 79.3 (23) 87.8 (29) 0.8* 0.298
Socio-economic status
medium/high % (n°) 96.7 (60) 96.5 (28) 96.9 (32) 0.005° 0.729
FIRST score sleep reactivity
mean + SD 333 +40 216 + 49 122 +23 9.5 <0.001
ISI score
mean + SD 49 + 44 7.7 +45 26+24 6.5 0.004
EPDS score
mean + SD 7.6 +49 11.8 +2.8 39+28 7.2 <0.001
SAS score
mean + SD 392+ 159 414 +6.2 374 +89 1.9 0.059
Symptoms of insomnia % (n°) 279 (17) 34.4(10) 21.2 (7) 4.7° 0.083
Depressive symptoms % (n°) 33.3(20) 62.0% (18) 6.1% (2) 1.4° <0.001
Anxiety symptoms % (n°) 34.4(21) 55.1% (16) 15.1% (5) 1.06% 0.030
Suicidality % (n°) 9.6 (6) 17.2% (5) 3.0% (1) 5.05% 0.025

Data are reported as mean + standard deviation-SD and percentage. FIRST: Ford Insomnia Response to Stress Test for sleep-reactivity, ISI: Insomnia Severity Index, EPDS:
Edinburgh Postnatal Depression Scale, SAS: Zung Self Rating Anxiety Scale. Symptoms of insomnia: ISI>8, Depressive symptoms: EPDS>10, Anxiety symptoms: SAS>40.

Suicidality: item 10 EPDS >1.
@ chi-square coefficient.



148 L. Palagini et al. / Sleep Medicine 56 (2019) 145—150

lines, highly reactive sleepers were more likely to endorse anxiety
(%2 =1.06 p = 0.030) and suicidal ideation (> = 5.05, p = 0.025)) as
compared to low reactive sleepers. The rate at which highly
reactive sleepers endorsed higher rates of insomnia relative to low
reactivity sleepers did not reach significance (34.4% vs 21.2%,
v% = 4.07, p = 0.083); see Table 1 for full results.

No significant differences emerged on socio-demographic data
or gestational week.

3.2. Identifying factors uniquely associated with prenatal insomnia

After establishing that insomnia, depression, anxiety, and sui-
cidality differs between pregnant women with high vs low sleep
reactivity, we next conducted a series of univariate and multivariate
regression models to identify independent correlates of clinical
outcomes (ie, insomnia, depression, anxiety, and suicidality). With
insomnia as the dependent variable, univariate linear regression
models showed that insomnia was associated with sleep reactivity,
anxiety symptoms, and depression symptoms; see Table 2. How-
ever, when entering all three independent variables into a multi-
variate model, only sleep reactivity (B = 0.33, p < 0.001) and
depression symptoms (B = 0.30, p = 0.001) were uniquely associ-
ated with insomnia symptoms, whereas anxiety was no longer
significantly related (p = 0.06).

3.3. Identifying factors uniquely associated with prenatal
depression

With depression symptoms as the dependent variable, univari-
ate linear regression models showed that depression was correlated
with sleep reactivity, anxiety symptoms, and insomnia symptoms;
see Table 2. However, when entering all three independent variables
into a multivariate model, only anxiety symptoms (B = 0.23,
p = 0.023) and insomnia symptoms (B = 0.54, p < 0.001) were
uniquely associated with depression symptoms, whereas sleep
reactivity was no longer significantly related (p = 0.0631).

3.4. Identifying factors uniquely associated with prenatal anxiety

With anxiety symptoms as the dependent variable, univariate
linear regression models showed that anxiety was associated with

Table 2
Univariate and multivariate linear regression models predicting symptoms of
insomnia, depression, and anxiety in pregnant women.

ISI Univariate Multivariate

B (SE) p B (SE) p
FIRST 0.34 (0.08) <0.001 0.33 (0.10) <0.001
SAS 0.17 (0.07) 0.017 0.13 (0.06) 0.064
EPDS 0.32 (0.10) 0.001 0.30 (0.12) 0.001
EPDS Univariate Multivariate

B (SE) p B (SE) p
FIRST 0.24 (0.09) 0.028 0.05 (0.10) 0.631
SAS 0.26 (0.20) 0.034 0.23 (0.07) 0.019
ISI 0.32 (0.13) <0.001 0.54 (0.01) <0.001
SAS Univariate Multivariate

B (SE) p B (SE) p
FIRST 0.35 (0.16) 0.022 0.27 (0.20) 0.048
EPDS 0.26 (0.20) 0.002 0.40 (0.24) 0.019
ISI 0.17 (0.07) 0.017 0.05 (0.26) 0.792

Results of the univariate and multivariate regression analyses between variables.
ISI: Insomnia Severity Index, FIRST: Ford Insomnia Response to Stress Test for sleep-
reactivity, SAS: Zung Self Rating Anxiety Scale, EPDS: Edinburgh Postnatal
Depression Scale. B = unstandardized regression coefficient, SE: Standard Error.
Significance in bold.

sleep reactivity, depression symptoms, and insomnia symptoms;
see Table 2. However, when entering all three independent
variables into a multivariate model, only sleep reactivity (B = 0.27,
p < 0.048) and depression symptoms (B = 0.40, p = 0.019) were
uniquely associated with depression symptoms, whereas insomnia
symptoms were no longer significantly related (p = 0.792).

3.5. Identifying factors uniquely associated with prenatal suicidality

Lastly, we conducted a series of univariate and multivariate lo-
gistic regression models to identify factors uniquely associated with
prenatal suicidality; see Table 3 for full results. Univariate logistic
regressions models showed that greater levels of sleep reactivity
(p = 0.030), depressive symptoms (p = 0.017), and insomnia
symptoms (p = 0.0006) are associated with increased odds of
endorsing suicidality, whereas anxiety was not (p = 0.074). In a
multivariate model, only depression symptoms were uniquely
related to suicidality such that a 1-point increase in EPDS scores
corresponded to almost a two-fold increase in odds of endorsing
suicidal ideation. Sleep reactivity (p = 0.372) and insomnia symp-
toms (p = 0.372) were not significant in the multivariate model.

4. Discussion

In a sample of women in mid-pregnancy, we compared sleep
and mood pathology levels between women with high vs low
stress-related sleep reactivity. Pregnant women with high sleep
reactivity reported greater severity for insomnia, depression, and
anxiety, and were more likely to engage in suicidal ideation as
compared to those with low sleep reactivity. These findings extend
prior knowledge of sleep reactivity to pregnant women and
highlight the pathogenicity of sleep reactivity during pregnancy.
Given that sleep and mood commonly deteriorate as pregnancy
progresses [15,17,38], identification of women in early pregnancy
who are at-risk for developing insomnia or psychiatric illness
during pregnancy is critical to improve maternal and child out-
comes. Given that high sleep reactivity preexists these conditions
that are endemic to the perinatal period, the present study iden-
tifies sleep reactivity as a potential premorbid marker for future
pathology in this highly vulnerable population.

Over a quarter of women in our study reported elevated
insomnia symptoms during early pregnancy. These rates are higher
than the general population, but not as high as what is observed in
later stages of pregnancy [13,38]. Similarly, over one-third of
pregnant women in our study endorsed elevated levels of depres-
sion and anxiety, and nearly 10% endorsed recent thoughts of
self-harm. These rates are concerningly high although not as
elevated as what is observed in late pregnancy [2,3]. As risk for
sleep disorders and psychiatric illness increases in late pregnancy
[38], it is likely that rates of insomnia, depression, anxiety, and
suicidality will increase as our subjects' progress through preg-
nancy. As such, it is imperative to identify during early pregnancy
the women who will likely be at highest risk for developing these
disorders later in pregnancy or after childbirth.

Nearly half of pregnant women in our study were classified as
having elevated sleep reactivity. Sleep reactivity was linked to
insomnia symptoms, depressive symptoms, anxiety symptoms, and
even suicidality. Insomnia severity endorsed by highly sleep reac-
tive pregnant women was nearly twice as large as those reported by
women with low sleep reactivity. Moreover, multivariate analyses
revealed that sleep reactivity and depression are both indepen-
dently associated with prenatal insomnia symptoms. This finding
not only emphasizes the interconnectedness of prenatal sleep
reactivity, depression, and insomnia, but also suggests that the link
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Table 3
Univariate and multivariate logistic regression models predicting suicidality in pregnant women.
EPDS Item # 10 — Suicidality Univariate Multivariate
B (SE) O.R. Cl.95% p B (SE) O.R. C.I. 95% p
FIRST 0.13 (0.06) 1.14 1.013-1.147 0.030 0.06 (0.11) 1.06 0.825—1.672 0.372
SAS 0.12 (0.06) 1.12 0.988—-1.285 0.074 - - - -
EPDS 0.56 (0.23) 1.75 1.107-2.770 0.017 0.54 (0.22) 1.72 1.106—1.729 0.016
ISI 0.37 (0.13) 1.45 1.111-1.892 0.006 0.16 (0.18) 1.17 0.825—1.672 0372

Results of the univariate and multivariate logistic regression analyses among variables. Suicidality-item 10 EPDS-Edinburgh Postnatal Depression >1, yes/no. ISI: Insomnia
Severity Index, FIRST: Ford Insomnia Response to Stress Test for sleep-reactivity, SAS: Zung Self Rating Anxiety Scale, EPDS: Scale. B = unstandardized regression coefficient.

S.E.: Standard Error; O.R.: Odds Ratio; C.I. 95%: confidence interval at 95%. Significance in bold.

between prenatal anxiety and insomnia may be accounted for by
sleep reactivity and/or depression during this period.

Notably, we observed that sleep reactivity was linked to psy-
chiatric illness during pregnancy. Highly reactive sleepers endorsed
elevated depressive symptoms compared to those with low sleep
reactivity, reflecting that pregnant women with high sleep reac-
tivity are more than 10 times as likely to endorse depression. Along
these lines, highly reactive sleepers were over five times as likely to
endorse thoughts of self-harm during pregnancy as compared to
low reactive sleepers. Multivariate analyses revealed, however, that
sleep reactivity was not uniquely related to depressive symptoms
or suicidality when controlling for anxiety and insomnia. Prior
research in general adult samples offers mixed results regarding
whether sleep reactivity is directly related to depression develop-
ment [39,40] or if its effects are largely mediated by insomnia and
sleep disturbance [28]. Thus, it is possible that the link between
sleep reactivity and depression symptoms during pregnancy may
be facilitated by insomnia or even anxiety. Future research is
needed to examine prospective relationships among these factors
across pregnancy.

Differences in anxiety rates were similar such that highly reac-
tive sleepers were 3—4 times more likely to endorse clinical anxiety
than pregnant women with low sleep reactivity. Unlike depression
and suicidality, sleep reactivity remained a significant predictor of
anxiety symptoms in multivariate analysis. This finding suggests
that sleep reactivity may be directly linked to anxiety symptoms
during pregnancy, even when accounting for co-occurring insomnia
and depression.

Collectively, our findings show that women in mid-pregnancy
with high sleep reactivity endorse greater insomnia, depressive
symptoms, anxiety, and even suicidality than pregnant women
with low sleep reactivity. To maximize potential for early detection
of disease-risk, future studies should determine whether high sleep
reactivity in early pregnancy corresponds to increased risk for
developing insomnia, depression, anxiety, and suicidality during
pregnancy or even after childbirth. Indeed, high sleep reactivity
predicts future insomnia, depression, and anxiety in the general
adult population [28,39—41]. Thus, highly sleep reactive pregnant
women may be a targetable population for preventive efforts
against insomnia and psychiatric illness. Given that most pregnant
women in developed countries engage in routine prenatal care,
many women can be assessed for sleep reactivity in the first or early
portion of the second trimester. Highly sleep reactive pregnant
women may be referred to for preventive care or monitored more
closely by their obstetrician or midwife at routine visits for early
signs of sleep and mood pathology to ensure early intervention.

Prior prospective evidence shows that sleep reactivity directly
influences insomnia development, whereas its effects on future
depression may be mediated, at least in part, by sleep disturbance
and insomnia [28,40] These data are consistent with the present
findings showing that sleep reactivity was not directly linked to
depressive symptoms or suicidality when accounting for the effects

of co-occurring anxiety and insomnia. Thus, the most effective
preventive care and early interventions may focus on promoting
healthy sleep habits and target early emerging sleep symptoms;
research is needed to explore the viability of this care approach.
Since highly reactive sleepers are sensitive to myriad sources of
stress [27], many pregnancy related factors likely contribute to
sleep distress including physical discomfort in bed, pain, mental
stress, sleep breathing difficulties, and comorbid illness. Therefore,
highly sleep reactive pregnant women may benefit from referrals to
sleep clinics where specialists can monitor symptoms, differentially
diagnose, identify contributing factors, and create a personalized
treatment plan.

The present study must be interpreted in light of certain meth-
odological limitations. Foremost, this study was not prospective,
thus we cannot establish directionality or causality. Prior prospec-
tive research has influenced some of our interpretation of findings,
but future research is needed to determine the causality among
these factors and to characterize any prognostic utility of sleep
reactivity in pregnancy. Secondly, the study consisted of only 62
women in mid-pregnancy. Therefore, rates of insomnia, depression,
anxiety, and suicidality may not reflect those of the greater popu-
lation. Further, the modest sample size may have increased risk for
type Il errors, particularly in the multivariate models. Taken
together, the associations among sleep reactivity, insomnia, and
psychopathology should be investigated prospectively in a larger
sample to provide a better understanding of how these factors
evolve across pregnancy and postpartum to impact maternal and
child health.

In conclusion, nearly half of women in mid-pregnancy have
highly reactive sleep systems. Women with high sleep reactivity
report higher levels of insomnia, depression, and anxiety, and are
more likely to have thoughts of self-harm than women with low
sleep reactivity. At-risk women can be identified via routine
prenatal care, which may allow for opportunity to prevent devel-
opment of mood or sleep pathology. Future research is needed to
clarify how trajectories of insomnia, depression, anxiety, and
suicidality differ between highly reactive sleepers and non-reactive
sleepers across pregnancy and after childbirth.
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