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Abstract

Objective: Sleep deficiency is an emerging concept denoting a deficit in the quantity or quality of sleep. This may
be particularly salient for pregnant women since they report considerable sleep complaints. Sleep deficiency is
linked with morbidity, including degradations in psychosocial functioning, (e.g., depression and stress), which
are recognized risk factors for adverse pregnancy outcomes. We sought to describe the frequency of sleep
deficiency across early gestation (10–20 weeks) and whether sleep deficiency is associated with reports of more
depressive symptoms and stress.
Methods: Pregnant women (N = 160) with no self-reported sleep or psychological disorder provided sleep data
collected via diary and actigraphy during early pregnancy: 10–12, 14–16, and 18–20 weeks’ gestation. Sleep
deficiency was defined as short sleep duration, insufficient sleep, or insomnia. Symptoms of depression and
stress were collected at the same three time points. Linear mixed effects models were used to analyze the data.
Results: Approximately 28%–38% met criteria for sleep deficiency for at least one time point in early gestation.
Women who were sleep deficient across all time points reported more perceived stress than those who were not
sleep deficient ( p < 0.01). Depressive symptoms were higher among women with diary-defined sleep deficiency
across all time points ( p = 0.02).
Discussion: Sleep deficiency is a useful concept to describe sleep recognized to be disturbed in pregnancy.
Women with persistent sleep deficiency appear to be at greater risk for impairments in psychosocial functioning
during early gestation. These associations are important since psychosocial functioning is a recognized correlate
of adverse pregnancy outcomes. Sleep deficiency may be another important risk factor for adverse pregnancy
outcomes.

Introduction

Pregnant women experience myriad changes ranging
from physical modifications to emotional and psychosocial

alterations that can vary greatly as pregnancy progresses. One
behavior noted to change dramatically in up to 75% of women
is sleep.1 Emerging data implicate disturbed sleep as an im-
portant correlate to maternal and fetal health. Several recent
publications have found significant, although modest associa-
tions between disturbed sleep during pregnancy and adverse
pregnancy outcomes.2–8 Disturbed sleep is also a major risk
factor for depressed mood9,10 and stress during pregnancy,11 as
well as a predictor of depression or depressive mood post-
partum.12–14 Studies indicate that depressed or stressed

mothers are more likely to deliver preterm, deliver low birth
weight babies ( < 2500 g), and increase the risk that their off-
spring will develop an adult-onset chronic disease.15–19

Few investigations, however, have assessed sleep in early
gestation as a contributor to established risk factors or adverse
pregnancy outcomes.2,20,21 One of our previous studies sug-
gested that poor sleep quality in early gestation (14–16 weeks)
was an independent risk factor for preterm birth and associ-
ated with prenatal stress.3 Facco and colleagues2 reported that
26% of their cohort had short sleep duration in early preg-
nancy, and that short sleep duration was associated with
impaired glucose metabolism and risk for gestational diabetes
mellitus. Similarly, Williams and colleagues observed that
13.4% of their cohort reported sleep duration £ 6 hours in
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early pregnancy, and that these women had higher blood
pressure readings in the third trimester.20 We hypothesized
that sleep during early gestation may be a critically important
contributor to pregnancy outcomes as it may impact psy-
chosocial and physiological pathways linked to adverse
pregnancy outcomes.6 Sleep information from early gestation
remains disproportionately underreported in the literature.

An emerging construct that may be applicable to the sleep
disturbance experienced by pregnant women is ‘‘sleep defi-
ciency.’’ In 2011, the National Center for Sleep Disorders Re-
search (NCSDR) coined the term ‘‘sleep deficiency’’ to
distinguish sleep disturbance between those with sleep dis-
orders from those with problems resultant of ‘‘modern urban
lifestyles.’’ They also set forth a challenge to develop an un-
derstanding of the mechanisms of the threat posed by sleep
deficiency to health.22 Sleep deficiency, as defined by Czeis-
ler23 is ‘‘a deficit in the quantity or quality of sleep obtained
versus the amount needed for optimal health, performance,
and well being.’’ Buxton and colleagues proposed specific
sleep variables they believed best reflected this concept. They
suggested that sleep deficiency is ‘‘the presence of short sleep
duration or sleep insufficiency (never feeling rested upon
awakening) or insomnia symptoms three of more times per
week.’’24 We contend that this concept is highly applicable to
pregnant women, since many women complain of these
specific sleep disturbances once becoming pregnant. Indeed,
they are the most commonly reported sleep disturbances
during pregnancy.20,25–27 They are reported substantially
more often as compared to similar nonpregnant women.21

Hence, the goals of this study were to (1) characterize the
prevalence of sleep deficiency in early gestation, and (2) ex-
amine whether the presence or absence of sleep deficiency
during early gestation (characterized as persistent, intermit-
tent, or no sleep deficiency) is associated with greater de-
pressive symptoms and perceived stress.

Methods

Participants

Study participants were 184 pregnant women ( < 14 weeks)
recruited from the greater Pittsburgh area during October
2008 through December 2012 (as part of a longitudinal study
assessing pregnancy-related sleep disturbances in relation to
perinatal outcomes. Recruitment was by self-referral, physi-
cian referral, local advertising, or via participation in Uni-
versity research registries. All women intended on keeping
the pregnancy when enrolled. Women were excluded if they
self-reported a diagnosis of any psychopathology, sleep dis-
order or were actively taking an anti-depressant medication
or receiving psychotherapy. We were not able to objectively
screen for obstructive sleep apnea/sleep disordered breathing
or restless legs. Women with chronic diseases such as diabe-
tes, human immunodeficiency virus (HIV) or uterine abnor-
malities were also excluded. Initial inclusion criteria required
women < 10 weeks pregnant. However, to facilitate enroll-
ment, women were accepted into the study if they were less
than 14 weeks pregnant. Approval was obtained from the
University of Pittsburgh Institutional Review Board. All wo-
men provided written informed consent.

One-hundred sixty women with sufficient sleep data to
ascertain the presence or absence of sleep deficiency for at
least two of the three time points were included in analyses.

Compared with those included in analyses, those excluded
from analyses (n = 24) were younger (26.59 – 4.75 vs.
29.64 – 4.76 years; p < 0.01) and more likely to be divorced/
never married (34.8% vs. 16.2%; p = 0.03), have had at least one
prior birth (65.2% vs. 41.3%; p = 0.03), be of African American
or ‘‘other’’ race/ethnicity (58.3% vs. 26.3%; p < 0.01), have less
than a college degree (69.6% vs. 32.5%; p < 0.01), report a
household income of < $20,000/don’t know/refused to an-
swer (60.9% versus 23.8%; p < 0.01), and report being a current
smoker (30.4% versus 11.9%; p = 0.02). Participants excluded
from analyses did not differ from those included in analyses
on body mass index, sleeping habits, or exercise frequency.

Procedures

In this prospective observational study, sleep information
was collected during T1 (10–12 weeks), T2 (14–16 weeks), and
T3 (18–20 weeks of gestation) (defined as early gestation).
Participants completed the Pittsburgh sleep diary daily28 and
wore a wrist actigraph (Mini Mitter, Philips Respironics) for 2-
weeks during each assessment period. Wrist actigraphy data
(Minimitter Actiwatch 64; Minimitter) were analyzed in 1-
minute epochs with Actiware version 5.04 software using
sleep diary data to corroborate bedtime and wake time. Sleep
diary data for bedtime and rise time and event markers were
used to calculate sleep–wake variables. In cases where visual
inspection showed an obvious discrepancy between sleep
diary times and observed activity patterns, actigraphy bed,
and/or rise times were edited to reflect what was reported in
the sleep diary. The number of days from which data were
available from sleep diaries was T1: 13.7 – 1.3 (range 4–14); T2:
13.7 – 0.6 (range 11–14); T3: 13.7 – 0.9 (range 8–14). The num-
ber of days from which data were available from actigraphy
was: T1: 13.6 – 1.4 (range 3–14); T2: 13.8 – 1.1 (range 9–14); T3:
13.6 – 1.9 (range 9–14).

Sleep duration was defined as total sleep time from lights
out to out of bed. Each 2-week collection period allowed for
collection of all sleep patterns which often included aberra-
tions due to illness, travel or ‘‘on call’’ nights. Thus, all avail-
able recording days were included in the descriptive analyses.
Questionnaires on depressive and stress symptoms were
completed at the end of T1, T2, and T3.

Definition of sleep deficiency

We used a modified definition of sleep deficiency set forth
by Buxton et al.,24 which used the variables sleep duration,
sleep insufficiency, and insomnia symptoms. A woman was
sleep deficient if she met criteria on at least one of the sleep
variables. Sleep duration was ascertained by averaging data
for each 2-week period. Since the study design collected
concurrent sleep diary and actigraphy data, we created two
definitions of sleep deficiency: one utilized sleep duration
from diary and the other utilized sleep duration from acti-
graphy. The rationale stems from the fact that the current
literature is mainly comprised of studies that have examined
subjective sleep duration; however, the potential advantage of
using sleep duration derived from actigraphy is that it ‘pro-
vides objective sleep information from the participant’s nat-
ural environment’, thus reducing recall bias29. Given this
unique opportunity we chose to examine sleep deficiency
with diary and actigraphy derived sleep duration. The me-
dian split was used to categorize the participants into short
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and average sleep duration30. Diary-assessed sleep duration
was split at < 7 / ‡ 7 hours, while actigraphy-assessed sleep
duration was split at < 6 / ‡ 6 hours. Sleep insufficiency was
determined by question 5 on the Insomnia Symptom Ques-
tionnaire (ISQ)31 which asks ‘‘how often do you feel that your
sleep is unrefreshing’’ with five response categories from
‘‘never’’ to ‘‘always.’’ Women were categorized into two
groups based on their response: No (‘‘never,’’ ‘‘rarely,’’ or
‘‘sometimes’’ unrefreshing) and Yes (‘‘frequently’’ or ‘‘always’’
unrefreshing). Insomnia symptoms were assessed by calcu-
lating whether the woman had a positive case-definition of
insomnia based on the ISQ scoring criteria31. The definition of
insomnia is based on sleep symptoms (difficulty initiating/
maintaining sleep) and daytime dysfunction as a result of the
sleep symptoms occurring at least 3 times per week and for at
least one month. Using the diary-assessed sleep duration, a
woman was sleep deficient if she had sleep duration of < 7
hours, slept insufficiency at least three times per week (fre-
quently/always), or met case-definition criteria for insomnia.
Using the actigraphy-assessed sleep duration, a woman was
sleep deficient if she had sleep duration of < 6 hours, slept
insufficiency at least three times per week (frequently/al-
ways), or met case-definition criteria for insomnia.

Categorization of groups

The presence or absence of sleep deficiency was evaluated
across each of the three time points during early gestation. A
total of 160 women from whom we had sleep data from at
least two of the three time points were included in these an-
alyses. First, we assessed the frequency of sleep deficiency at
each time point (Fig. 1 and 2). Second, we were interested in
the persistence of sleep deficiency. Three groups were iden-
tified: (1) sleep deficient, met criteria for sleep deficiency at all
time points; (2) intermittent sleep deficient, met criteria for
least one, but not all, time points; and (3) not sleep deficient,
did not meet criteria for sleep deficiency at any time point.

Outcome variables

The Inventory for Depressive Symptoms (IDS)-16 Item In-
ventory32 rates the nine criterion symptom domains (0–27)
needed to diagnose a major depressive episode by Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV). This

commonly used questionnaire has a Cronbach’s a ranging
from .92–.94 in depressed and euthymic patients and a .79 in
the current sample. For this report, the sleep items were re-
moved in order to reduce collinearity with the predictor
variable, sleep deficiency.

Perceived Stress Scale (PSS) 10-item33 was used to assess the
degree to which situations in one’s life are appraised as
stressful during the last month. It is one of the most commonly
administered subjective stress questionnaires with a Cron-
bach’s a ranging from 0.78 to 0.91 in healthy, adult cohorts,34

and 0.89 in the current sample. Scores range from 0 (no stress)
to 40 (very stressed).

Revised Pregnancy Distress Questionnaire (NuPDQ)35 was
used to assess pregnancy-related distress. Participants are
asked to indicate if they are currently feeling bothered, upset,
or worried about different aspects of pregnancy on a three-
point scale ranging from ‘‘not at all’’ (0) to ‘‘very much’’ (2).
An average pregnancy-specific distress score is calculated for
each respondent by summing item responses and dividing by
the total number of items. Pregnancy-specific distress scores
range from 0 to 2.

Statistical approach

Descriptive analyses were used to describe the character-
istics of the cohort. The distributions of all continuous mea-
sures were examined to check for normality. Means and
standard deviations of all continuous measures, for the total
sample are reported. The revised pregnancy distress ques-
tionnaire (NuPDQ) and body mass index (BMI) were log
transformed as they were not normally distributed. Correla-
tions are reported to examine the relationship between all
sleep and nonsleep variables. The prevalence of ‘‘short
sleepers,’’ ‘‘women with insomnia symptoms,’’ and ‘‘women
with sleep insufficiency’’ are reported using both diary and
actigraphy-assessed sleep duration at each time point (Fig. 1
and 2).

Linear mixed models (SAS PROC MIXED; SAS 9.2, SAS
Institute) were used to examine whether depressive symp-
toms or stress levels differed between the three sleep defi-
ciency groups across the three time points. An unstructured
covariance pattern was used for all models. We also assessed
whether depressive symptoms or stress levels differed be-
tween sleep deficiency groups at each individual time point,

FIG. 1. Prevalence of diary-
defined sleep deficiency cri-
teria at each individual time
point and its pattern across
all three time points.
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with pairwise comparisons of least square means performed if
a significant between-group difference was found at that time
point. Models were run unadjusted and following covariate
adjustment for race/ethnicity (Caucasian, African American/
other), marital status (married/living as married, divorced/
never married), education (less than a college degree, college
degree, some postgraduate work/postgraduate degree) and
parity (no prior births, at least one prior birth). A two-sided p-
value < 0.05 was considered statistically significant.

Results

Table 1 presents the characteristics of the participants in-
cluded in analyses (n = 160) across the three diary-assessed
sleep deficiency groups. Women were 29.6 – 4.8 years of age,
with an average BMI of 26.5 – 6.0, and about 26% were African
American or other racial group than Caucasian. Figures 1 and
2 depict the prevalence of each sleep deficiency symptom at
each time point.

Depressive symptoms and stress levels across the three
time points among the diary-derived sleep deficiency groups
are presented in Fig. 3. For each outcome, a significant time
effect was observed (F2,157 = 8.44–10.15, each p < 0.01), but no
interaction effect was noted (F4,157 = 0.43–1.42, p = 0.23–0.79).
Across all time points, NuPDQ did not differ by sleep defi-
ciency group (F2,157 = 2.51, p = 0.09), whereas IDS and PSS
(Perceived Stress Scale) significantly differed by sleep defi-
ciency group (F2,157 = 3.85, p = .02 and F2,157 = 5.53, p < 0.01,
respectively). NuPDQ scores did not differ between sleep
deficiency groups at any individual time point. IDS scores
differed by sleep deficiency group at T1 and T3 (T1:
F2,157 = 4.37, p = 0.01; T3: F2,157 = 2.95, p = 0.05), with those with
sleep deficiency having significantly higher IDS scores than
those with no sleep deficiency ( p = < 0.01 to 0.02) at T1 and T3.
PSS scores differed by sleep deficiency group at each indi-
vidual time point (T1: F2,157 = 3.51, p = 0.03; T2: F2,157 = 6.13,
p < 0.01; T3: F2,157 = 4.15, p = 0.02); at each of the time points,
those with sleep deficiency had significantly higher PSS scores
than those with no sleep deficiency ( p < 0.01 for each). Fol-
lowing adjustment for race/ethnicity, marital status, educa-
tion, and parity, IDS scores across all time points no longer
differed by sleep deficiency group (F2,152 = 1.91, p = 0.15). The
differences in PSS scores across all time points by sleep defi-
ciency group persisted following covariate adjustment
(F2,152 = 3.10, p = 0.048), though differences in PSS scores

among sleep deficiency groups was only found at T2
(F2,152 = 3.43, p = 0.04).

Similarly, depressive symptoms and stress levels across the
three time points among the actigraphy-derived sleep defi-
ciency groups are presented in Fig. 4. For each outcome, a
significant time effect was observed (F2,157 = 9.75–14.22, each
p < 0.01), but no interaction effect was noted (F4,157 = 0.80–1.68,
p = 0.16–0.53). Across all time points, IDS and NuPDQ did not
differ by sleep deficiency group (F2,157 = 1.71, p = 0.18 and
F2,157 = 2.86, p = 0.06, respectively), whereas PSS significantly
differed by sleep deficiency group (F2,157 = 5.31, p < 0.01). IDS
scores did not differ between sleep deficiency groups at any
individual time point. At T1, NuPDQ scores differed by sleep
deficiency group (F2,157 = 3.96, p = 0.02), with those with per-
sistent sleep deficiency having significantly higher NuPDQ
scores than those with no sleep deficiency ( p £ 0.01) or inter-
mittent sleep deficiency ( p = 0.02). PSS scores differed by sleep
deficiency group at each individual time point (T1:
F2,157 = 6.36, p < 0.01; T2: F2,157 = 3.19, p = 0.04; T3: F2,157 = 4.03,
p = 0.02); at each of the time points, those with persistent sleep
deficiency had significantly higher PSS scores than those with
no sleep deficiency ( p £ 0.01) or intermittent sleep deficiency
( p < 0.01–0.04). Following adjustment for race/ethnicity,
marital status, education, and parity, differences in PSS scores
across all time points by sleep deficiency groups was reduced
to marginal significance (F2,152 = 2.83, p = 0.06), with differ-
ences in PSS scores among sleep deficiency groups found only
at T1 (F2,152 = 4.57, p = 0.01).

Discussion

The goal of this paper was to describe the degree to which
women in early gestation met criteria for sleep deficiency, and
whether women with sleep deficiency reported greater de-
pressive symptomatology and stress. Although a newly
emerging construct, we believe that sleep deficiency is ap-
plicable to pregnant women given the hypothesis that (1)
‘‘sleep deficiency is thought to reflect a deficit in quantity or
quality of sleep versus the amount needed for optimal
health,’’23 (2) the three variables suggested to define sleep
deficiency (i.e., short sleep duration, insufficient sleep or in-
somnia symptoms)24 are commonly reported by pregnant
women in early gestation, and (3) these sleep variables are
associated with morbidity.20,21,25 Our results indicate that
sleep insufficiency and short sleep duration are prevalent

FIG. 2. Prevalence of acti-
graphy-defined sleep defi-
ciency criteria at each
individual time point and its
pattern across all three time
points.
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among women in early gestation, more so than in comparable
nonpregnant women.21 Insomnia, characterized by the ISQ,31

which is defined by the DSM-IV36 and research diagnostic
criteria (RDC),37 was less frequent. These data shed light on
the frequency and chronicity of sleep deficiency in early ges-
tation. It is clear that a substantial number of women have at
least one symptom cross-sectionally (25%–40%), and this is
consistent with previous literature.2,10,21,26,38 What is new
here is that less than 20% of women have persistent sleep
deficiency. These findings add to the existing literature by
providing evidence that a portion, but not all pregnant wo-
men, sleep poorly in early gestation,39–41 and these women
may benefit from targeted clinical intervention. The diversity
in sleep disturbances may provide additional information as
to why there is such variability regarding psychological or
physical health outcomes during pregnancy. Depression19

and stress,42,43 for example, are both independently associ-
ated with poor pregnancy outcomes, yet the evidence as to
how these risk factors may lead to morbidity is unclear. We
speculate that sleep deficiency may either mediate or inde-

pendently add to these associations.3,44,45 Future studies need
to include both depressed and nondepressed or stressed and
nonstressed cohorts in order to effectively answer whether
sleep deficiency is a predictor or mediator.

Sleep deficiency in early pregnancy may be clinically, as
well as physiologically, important. Clinically, sleep treatment
and/or intervention decisions are contingent on the particular
aspects of sleep disrupted. For instance, the behavioral tech-
niques used to treat difficulty initiating sleep are different
than those used to treat difficulty maintaining sleep. It is also
unclear as to whether the sleep disturbances reported in early
pregnancy are analogous to those reported in later pregnancy
given the change in hormone concentrations and body habi-
tus, for example, in late pregnancy. Presently, the majority of
published reports on sleep disturbances and/or symptoms of
insomnia are from women in late pregnancy in which the
rates are reported to reach upwards of > 60%.26,46,47 More-
over, these reports do not clinically identify insomnia, only
the presence of symptoms. For example, Fernandez-Alonso
and colleagues used the Insomnia Severity Index to ascertain

Table 1. Participant Characteristics

No sleep
deficiency

Intermittent sleep
deficiency

Persistent
sleep deficiency

Variable
N = 79 N = 54 N = 27

Group differenceMean (SD) Mean (SD) Mean (SD)

Age 29.20(4.43) 29.57(4.94) 31.07(5.24) 0.21
BMI 26.41(5.48) 25.74(5.85) 28.30(7.68) 0.27

% (n) % (n) % (n)
Race Chi-square = 2.93, p = 0.23

African American/Other 20.3 (16) 31.5 (17) 33.3 (9)
Caucasian 79.7 (63) 68.5 (37) 66.7 (18)

Smoker Chi-square = 1.36, p = 0.51
No 91.1 (72) 85.2 (46) 85.2 (23)
Yes ( ‡ 1 per day) 8.9 (7) 14.8 (8) 14.8 (4)

Exercise Chi-square = 4.83, p = 0.09
Never/ < 2 days/week 34.2 (27) 48.1 (26) 55.6 (15)
‡ 2 days/week 65.8 (52) 51.9 (28) 44.4 (12)

Sleeping habits **Chisquare = 40.49, p < 0.01
Always get enough 7.6 (6) 14.8 (8) 3.7 (1)
Usually good, occasionally not enough 64.6 (51) 46.3 (25) 18.5 (5)
I often cannot sleep as much as I need 24.1 (19) 33.3 (18) 48.1 (13)
I never get enough sleep 3.8 (3) 0.0 (0) 25.9 (7)
I think I sleep too much 0.0 (0) 5.6 (3) 3.7 (1)

Marital status ^Chi-square = 7.40, p = 0.03
Married/living with partner 91.1 (72) 79.6 (43) 70.4 (19)
Divorced/never married 8.9 (7) 20.4 (11) 29.6 (8)

Education level Chi-square = 7.52, p = 0.11
< College degree 25.3 (20) 33.3 (18) 51.9 (14)
College degree 31.6 (25) 24.1 (13) 25.9 (7)
Some postgraduate work/

postgraduate degree
43.0 (34) 42.6 (23) 22.2 (6)

Income Chi-square = 4.11, p = 0.66
< $20K/don’t know/refused 22.8 (18) 22.2 (12) 29.6 (8)
$20K–49,999 16.5 (13) 27.8 (15) 25.9 (7)
$50K–99,999 38.0 (30) 33.3 (18) 25.9 (7)
‡ $100K 22.8 (18) 16.7 (9) 18.5 (5)

Parity **Chi-square = 11.59, p < 0.01
No previous births 72.2 (57) 46.3 (25) 44.4 (12)
At least one previous birth 27.8 (22) 53.7 (29) 55.6 (15)

Table reports % (n) or mean and standard deviation (SD) [Total sample = 160].
**No sleep deficiency is different from intermittent sleep deficiency and persistent sleep deficiency.
^No sleep deficiency is different from persistent sleep deficiency.
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the frequency of insomnia in late pregnancy.46 While this is a
commonly used instrument, the focus is on severity rather
than a case definition of insomnia. Also, since a majority of
women indicate experiencing symptoms of insomnia at least
once in the last month,40,48 it may not be very sensitive or
specific in identifying primary insomnia in pregnant women.

Assessing sleep deficiency in early pregnancy is also
physiologically important. First, the variables that comprise
sleep deficiency are linked to immune aberrations during
pregnancy.21,49 Second, sleep disturbance is associated with
depression and stress, particularly during pregnancy.18,26,50–52

Likewise, both depression and stress, which are often chronic,
can result in cumulative sleep disturbance and immunological
alterations.42,53 It is unclear at the present time whether a
subset of women entered our study with subclinical levels of
depression or substantial stress, which resulted in sleep de-
ficiency. Sleep deficiency was most strongly and consistently
associated with stress symptoms. This could be a reflection of
initial hormone fluctuations that may negatively impact
mood and sleep.54 While we a priori excluded women with
self-reported psychopathology and/or current treatment, it is

FIG. 3. Depressive symptoms and stress levels across time
among different categories of diary-defined sleep deficiency.
Data shown are untransformed raw values prior to analysis.
IDS, Inventory of Depressive Symptomatology; NuPDQ,
Revised Pregnancy Distress Questionnaire; PSS: Perceived
Stress Scale. *significant difference between ‘‘no sleep defi-
ciency’’ and ‘‘sleep deficiency’’ groups ( p < 0.01).

FIG. 4. Depressive symptoms and stress levels across time
among different categories of actigraphy-defined sleep defi-
ciency. Data shown are untransformed raw values prior to
analysis. IDS: Inventory of Depressive Symptomatology;
NuPDQ: Revised Pregnancy Distress Questionnaire; PSS:
Perceived Stress Scale. *significant difference between ‘‘no
sleep deficiency’’ and ‘‘sleep deficiency’’ groups; ^significant
difference between ‘‘mixed sleep deficiency’’ and ‘‘sleep de-
ficiency’’ groups (p < 0.01).
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possible that some women may have developed significant
depressive symptoms during pregnancy or failed to get di-
agnosed.55 The two stress measures we used identify distinct
forms of stress. The NuPDQ is specifically designed to assess
pregnancy-related distress,35 while the PSS assesses general
perceived stress. We contend that the dramatic fluctuation in
hormones may impact some women’s ability to adjust to this
life event. The significant association observed only at T1 may
be a reflection of this phenomenon. A more in-depth under-
standing of these bidirectional relationships is warranted
given the consistent evidence that they are all associated with
adverse pregnancy outcomes.12,56,57

These data contribute to what is currently known about
insomnia in early gestation. We found that 5%–12% of women
in early gestation met the case-definition for insomnia based
on the ISQ.31 This is consistent with our previous report of
insomnia symptoms in a separate cohort of nondepressed,
pregnant women at 20 weeks’ gestation.26 However, it must
be noted that the current study identified a case-definition of
insomnia based on DSM-IV36 and research diagnostic criteria
(RDC),37 whereas in our prior study26 we only considered
women positive for insomnia if they indicated difficulty ini-
tiating/maintaining sleep in the previous 7 days. One can
conclude from these two studies that a subset of women in
early gestation are at risk for insomnia. Given the evidence
relating insomnia to various morbidities in nonpregnant in-
dividuals,58–60 this subset of women may be particularly
vulnerable for subsequent maternal and fetal morbidity.

We also report that a substantial number of women report
insufficient sleep in early pregnancy. Distinct from short sleep
duration, insufficient sleep has recently been linked to poor
self-rated health61. Women who reported insufficient sleep for
14 or more out of the past 30 days had the highest risk of poor
health. This has implications for pregnant women given that
insufficient sleep (sleep deficiency) is more prevalent in wo-
men who have depression or stress, are from a lower socio-
economic rung or are not of Caucasian race.62 These, as well as
other correlates such as diet, are associated with cardiovas-
cular disease, diabetes and overweight/obesity (i.e., cardio-
metabolic disease).62 Cardiometabolic diseases are a primary
risk factor for adverse pregnancy outcomes including pre-
eclampsia and preterm birth.63–66

Lastly, and clinically relevant, is the sizeable incidence of
short sleep duration observed among this cohort. This finding
is in agreement with some,2,67 but in contrast to popular belief
and the current literature.20,47 In a recent study of Turkish
women in their first trimester, for example, the average sleep
duration was 8.3 – 2.0 hours per night.47 It is important to note
that this information was ascertained from the Women’s
Health Initiative Insomnia Rating Scale, which asks women to
recall their typical sleep duration. Our study, on the other
hand, ascertained 6 weeks of prospective sleep data. These
data will allow further examination of weekly and daily
patterns of sleep duration in pregnant women. We hypothe-
size that this will be a relevant correlate of morbidity given
emerging evidence that variability in sleep is associated with
poor health outcomes.68–70

The current findings contribute to the existing knowledge
of sleep in early gestation, a time period that has been often
overlooked but may be important to pathophysiology during
pregnancy6. Failed remodelling of maternal vessels perfusing
the placenta that is proposed as causally relevant to the

adverse pregnancy outcomes, preeclampsia, intrauterine
growth restriction and preterm birth occurs between 10 and
20 weeks of gestation.71 The pathophysiological consequences
of disturbed sleep could impact placental development6.
However, we acknowledge that this study has limitations.
First, the study does not provide information on sleep archi-
tecture or electroencephalogram (EEG) spectral frequencies in
early gestation. While previous studies have reported few
changes in sleep architecture across pregnancy,72,73 emerging
evidence from studies utilizing power spectral analysis of the
EEG suggest that there are different sleep phenotypes not
identifiable via traditional sleep stage scoring.74 This has yet
to be evaluated in pregnant women. Also, as indicated by the
few reports and the small sample sizes, measuring sleep in
pregnant women via polysomnography is cost-prohibitive
and involves high participant burden. We contend that the
use of self-report diaries concurrent with actigraphy provides
a more comprehensive assessment of sleep during pregnancy.
Sleep diaries give investigators the participant’s perspective
of the previous evening’s events, while actigraphy allows for
the collection of concurrent yet objective information on these
sleep habits in the participants’ natural sleep environment.29

Investigators are afforded the ability to collect data over a
long period of time, which provides the opportunity to assess
patterns and variability. The incongruent findings between
sleep duration measured by self-report and actigraphy and
depressive/stress symptoms is not surprising given the
equivocal findings reported in other investigations.29 Martin
and Hakim note that actigraphy is good at characterizing
sleep duration in depressed, insomnia, and sleep-disordered
breathing patients,29 but it is not consistently correlated with
depressive symptoms in otherwise healthy cohorts.75,76 Sleep
duration from diaries, on the other hand, is more consistently
associated with depressive symptoms.76 The use of the me-
dian split for sleep duration for the two methods insured that
there would be comparable groups with short and average
sleep duration. This was also viewed as a suitable decision
since self-reported sleep duration is often overestimated in
comparison to actigraphy.29 This hypothesis is supported by
the similar percentages of women with short sleep duration at
each time point. With regards to stress, Lee and Hsu recently
reported that actigraphy derived sleep duration was not as-
sociated with perceived stress.67 Unfortunately, they did not
report on self-reported sleep duration. They did however,
observe that poor sleep quality was significantly associated
with stress. Another limitation is the reliance on self-report for
presence or absence of psychopathology, sleep disorders and
medication/treatment use. While the prevalence of sleep
disordered breathing/obstructive sleep apnea, for example, is
lowest in early pregnancy, we cannot rule out that some
women may have had an undiagnosed sleep disorder. Lastly,
we do not have sleep information past 20 weeks’ gestation.
Thus, we cannot compare sleep in early pregnancy to later
pregnancy. There have been, however, a few studies that in-
dicate that sleep progressively gets worse as the pregnancy
advances.21,26 Future studies should include sleep data from
women across the entire gestational period.

These data provide novel information regarding an
emerging concept proposed by the Center for Sleep Disorders
Research: sleep deficiency. Its definition is distinct from tra-
ditional definitions of sleep or circadian rhythm disorders.
This concept is applicable to pregnant women, as it is
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appreciative of the fact that pregnant women do not experi-
ence sleep disturbance in isolation and they often report
clusters of sleep problems. Up to 40% of women in early
gestation reported short sleep duration, insufficient sleep, or
met case definition for insomnia. These sleep difficulties may
contribute to maternal and fetal morbidity.
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