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Study Objectives: To assess whether daytime naps negatively
impact nocturnal sleep.

Design: Longitudinal, prospective cohort design.

Participants: 161 pregnant women recruited and evaluated in
early gestation (10-20 weeks).

Measurements and Results: Daily sleep information was
collected in three 2-week periods (10-12, 14-16, and 18-20
weeks gestation) with a daily sleep diary and an actigraph.
The average number of naps, as well as the average length
of each nap, were calculated from sleep diaries. Women
were categorized first as non nappers (0 naps/2-week period),
moderate nappers (1-3 naps/2-week period), or frequent
nappers (= 4 naps/2-week period). Then, based on the average
nap length, they were categorized as short (< 90 min) or long
(=90 min) nappers. Nocturnal sleep parameters included SOL,
WASO, SE, and TST. SAS procedure MIXED was used for
modeling the main effects of nap group and time, and time by
nap group interactions. WWomen who took naps had a decrease
in diary-assessed nocturnal TST, but not actigraphy-assessed

TST. This observation was group- and time-specific. There were
no other group differences. Women who napped = 90 min had
poorer diary-assessed SE and lower diary-assessed TST than
those who took shorter naps. Length of nap was not associated
with any other sleep measures.

Conclusions: The number of daytime naps have minimal
impact on nocturnal sleep parameters; however, long nappers
did exhibit modestly impaired sleep continuity and sleep quality.
Overall, we propose that daytime naps provide a beneficial
countermeasure to the sleep disruption commonly reported
by pregnant women. This may be clinically beneficial given
that sleep continuity and quality are important correlates of
pregnancy outcomes.

Commentary: A commentary on this article appears in this
issue on page 593.
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he majority of expectant women experience progressively

disturbed, fragmented, and shortened nocturnal sleep as
a result of normal physiological adaptations to the progress-
ing pregnancy.'* Emerging evidence indicates that insufficient
quantity and poor sleep quality are associated with increased
risk of mood dysregulation,*’ as well as adverse pregnancy
outcomes, such as preterm birth and gestational diabetes.®®
When sufficient nighttime sleep is not possible or unattain-
able, certain strategies can be implemented to counteract the
negative effects of disturbed nocturnal sleep. One promising
approach is to include daytime naps as part of a healthy sleep
hygiene program.’"

There is limited information examining the effects of day-
time naps on nocturnal sleep outcomes in non-pregnant popu-
lations. The majority of evidence stems from examination of
daytime naps in elderly or middle-aged individuals or children.
The bulk, however, consider daytime naps as a positive health
behavior (a “countermeasure”) in that they can effectively com-
bat subjectively reported poor sleep quality and decrease sub-
jective daytime sleepiness by augmenting shortened nocturnal
sleep duration.""'* However, there is also a small literature that
suggests that naps can be detrimental to nocturnal sleep and
next-day daytime alertness.”>'” Research on varied nap lengths
shows that the greatest increase in alertness,'*!® mood,' or sleep

BRIEF SUMMARY

Current Knowledge/Study Rationale: Pregnant women report sig-
nificantly more nocturnal sleep disruption than non-pregnant women.
We wanted to evaluate whether daytime naps either hindered nocturnal
sleep or might be a “countermeasure” to offset poor nocturnal sleep.
Study Impact: Naps do not appear to significantly hinder nocturnal
sleep in early gestation. Incorporating naps into one’s sleep hygiene
routine may improve quality of life as well as lessen the risk of adverse
pregnancy outcomes.

efficiency®® occurs following a short nap, as opposed to a lon-
ger nap (> 30 min). Others have reported contrasting evidence
showing no difference between short and long naps on sleep
quality or quantity.?! Variations in nap length have been found
to be quite common within cohorts and among individuals.
Dautovich et al. found a correlation between increased varia-
tion in nap duration and a higher number of health issues among
an elderly sample.”? Others have found that those who napped
regularly (compared to those who rarely napped) had increased
benefits from self-reported naps.'*** Benefits included improved
cognitive functioning, short-term memory and mood, and ben-
eficial changes in immune parameters.'®!!%2

Presently, pregnant women have received little attention
with regard to daytime naps and their possible consequences
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or benefits. Okun and Coussons-Read reported that women
in the first trimester self-reported an average of 1.8 + 1.4
naps/week, which was statistically more than a comparable
non-pregnant cohort who had 0.94 + 1.0 naps/week.* Tsai
and colleagues recently reported that among 80 upper socio-
economic status (SES) women in the third trimester, 51.3%
napped at least 4 times per week. Cross-sectional analyses
indicate that women who work longer during the day are
more likely to nap since they report shorter nocturnal sleep
duration and increased daytime fatigue.”® In a retrospec-
tive account of napping behavior, Balserak and colleagues®
found that nap duration was modestly associated with a high
glucose challenge test (GCT), suggesting that self-reported
long nap duration contributes to hyperglycemia. Women with
high GCT napped about 2.27 h, whereas those with normal
GCT napped about 1.49 hours. The literature on napping be-
havior in pregnant women is limited to description. There has
been no examination as to whether the incorporation of day-
time naps impairs nocturnal sleep during early pregnancy.
As previously noted, this is an important association given
the links between total sleep duration, sleep fragmentation,
and sleep quality with maternal and birth outcomes.>**"2
Given that women of childbearing age comprise about 32%
of the world’s population,* additional evidence concerning
the length and frequency of naps is necessary to fully com-
prehend the impact of daytime naps on nocturnal sleep and
pregnancy outcomes.

In the current study, we examined napping behavior col-
lected longitudinally via sleep diaries and actigraphy from
women in early gestation (10-20 weeks). We identified the
frequency and length of naps and whether there were any as-
sociations with both diary- and actigraphy-assessed noctur-
nal sleep parameters. We hypothesized that women who took
> 4 naps/2-week period (frequent nappers) would exhibit lon-
ger SOL and WASO, poorer SE, and shorter TST than women
who took 1-3 naps/2-week period (moderate nappers) and non
nappers. We further speculated that women who took shorter
naps (< 90 min) would have shorter SOL, WASO, and higher
SE and TST than women who took longer naps (> 90 min).

METHODS

Participants

This is a secondary analysis of available data from preg-
nant women (n = 161) between 18 and 45 years old, who were
recruited from the greater Pittsburgh area from October 2008
through December 2012 as part of a study evaluating preg-
nancy-related sleep disturbances in relation to perinatal out-
comes. The women were found through self-referral, physician
referral, local advertising, or enrollment in University research
registries. All participants provided written consent. All in-
tended to keep the pregnancy. Exclusion criteria were self-
reported psychopathological diagnosis, sleep disorder, chronic
diseases, including diabetes, HIV, or uterine abnormalities,
or current use of antidepressants or other treatment such as
psychotherapy. Women were not clinically tested for sleep
disturbances, such as obstructive sleep apnea/sleep disordered
breathing, or restless legs. However, they were assessed for
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sleep disorders in the initial phone screening. Approval was re-
ceived from the University of Pittsburgh Institutional Review
Board.

Procedures

The research design was a prospective observational
study. Daily sleep information was collected in three 2-week
periods: 10—12, 14-16, and 18-20 weeks gestation, for a to-
tal of roughly 42 days. The specific time period was part of
the parent study design to examine the associations between
sleep in early gestation (< 20 weeks) and maternal and deliv-
ery outcomes. It was intended that all participants would be
recruited prior to 10—12 weeks gestation; however, in order
to increase enrollment, enrollment time was flexible to al-
low women up to 14 weeks to enroll. The women recorded
subjective sleep and daily activity in the Pittsburgh sleep
daily diary®' and wore an actigraph (Mini-Mitter, Phillips/
Respironics) on their nondominant wrist for the full 2 weeks
of each collection period. Participants were asked to press
the marker button when they “tried to go to sleep” and when
they “got out of bed” to begin their day. Sensitivity was set
at 0.05 g for 3 to 11 Hz, and the analog signal was digitized
using the digital integration method. Sampling was in 1-min
epochs and analyzed using the sleep detection algorithm in
the Actiware software (Philips Respironics) with a wake
threshold of 40 counts. The assessment periods enabled col-
lection of all sleep patterns for the entire time period, of-
ten including irregularities due to illness, travel, “on call”
nights, etc. All available days with data were included in the
descriptive analyses.

Subsequent to each assessment period, the women com-
pleted a series of online questionnaires. The Inventory for
Depressive Symptoms—16 item (IDS)* is a commonly used
questionnaire for measuring the criterion for DSM-IV diagno-
sis of a major depressive episode. It has a Cronbach a ranging
from 0.92-0.94 in depressed and euthymic patients and 0.79
in the current sample. Sleep items were removed for analyses.
The Perceived Stress Scale—10 item (PSS)* is commonly used
to rate subjective stress from the previous month, on a scale
of 0 (no stress) to 40 (highest stress) range. It has a Cronbach
o ranging from 0.78—0.91 in healthy adult cohorts, and 0.89 in
the current sample.

Sleep Variables

Daytime naps were identified and quantified from sleep
diaries and actigraphy. We calculated the average number of
naps across each 2-week period as well as the average length of
each nap. We first determined whether a woman napped or not,
and then categorized the women into 3 groups: non nappers
(0 naps/2-week period); moderate nappers (1-3 naps/2-week
period); and frequent nappers (> 4 naps/2-week period). The
average length of each nap was further dichotomized into short
(< 90 min) or long (> 90 min). This cutoff was chosen for 2
reasons: (1) the average length of each nap was 89 min, and (2)
this reflects an approximate complete sleep cycle.** The out-
come variables were nocturnal sleep measures derived from
sleep diaries and actigraphy. They included (a) sleep onset la-
tency (SOL), the amount of time to fall asleep; (b) wake after
sleep onset (WASO), the amount of time awake after the onset



of sleep; (c) sleep efficiency (SE), the amount of time spent
asleep divided by the amount of time spent in bed; and (d) total
sleep time (TST), the total amount of sleep achieved.

Statistical Approach

Descriptive statistics were examined to characterize the
demographics for the total cohort and by nap group. Means
and standard deviations of all continuous measures and counts
and percentages for categorical data are reported for the total
sample and by napping group. Since the nap data were similar
from diary and actigraphy, we only analyzed and present infor-
mation in the tables based on diary-assessed napping behavior.
Examination of normal distribution assumption for continuous
data was determined by q-q plots, histograms, and Shapiro-
Wilk test. Diary and actigraphy TST followed a normal distri-
bution. For SE, SOL and WASO (both diary and actigraphy),
logarithm base 10 transformations were used. Mixed model-
ing techniques were used to examine whether daytime nap-
ping (average number of naps and average length of naps) was
associated with changes in nocturnal sleep parameters. SAS
procedure MIXED was used for modeling the main effects of
nap group and time, and time by nap group interactions, and to
account for within subject correlation. For these models, loga-
rithm base 10 transformations were used for BMI, SOL (both
diary and actigraphy), WASO (both diary and actigraphy) and
SE (diary only). These models were also adjusted for potential
confounders including age, race, marital status, whether there
was a child at home, IDS with sleep item removed, PSS, caf-
feine use, and exercise. All analyses were conducted using SAS,
version 9.3 statistical software (SAS Institute Inc., Cary, NC).

RESULTS

Participant characteristics for the entire cohort as well as by
diary-nap group are shown in Table 1. The three groups were
demographically similar except for marital status. More mar-
ried women reported taking more frequent naps (p = 0.012).
Interestingly, frequent nappers (> 4 naps/2-week period) had
slightly higher IDS scores (p = 0.068) and significantly higher
PSS scores (p = 0.024). Information about the total number
and average length of each nap from diary and actigraphy are
shown in Table 2.

For simplicity, Table 3 presents the nocturnal sleep charac-
teristics for the diary-derived nap groups only. The only signif-
icant differences noted were in TST at 10—12 weeks and 18—-20
weeks. All other sleep parameters were similar among the
three groups. Table 4 presents similar data but separated by
short and long nappers. Several sleep parameters were differ-
ent between the 2 groups, including SOL, SE, and TST. These
differences were noted for both sleep diary and actigraphy-
assessed sleep.

We conducted mixed models analyses to assess whether
frequency of self-reported napping behavior was associated
with nocturnal sleep parameters. After adjusting for relevant
covariates (age, race, marital status, children, exercise habits,
caffeine use, BMI, depression, and stress), we observed a main
effect for nap group on subjective total sleep time (TST), but no
group X time interaction (Figure 1). At 10—12 weeks, women
who napped with moderate regularity (1-3 naps/2-week period)
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had more self-reported total sleep time than frequent nappers
(> 4 naps/2-week period; t = 3.00, p = 0.0088). There were
no other differences between the non nappers and the other
2 groups at this time point. There were no differences among
the groups at 14—-16 weeks for subjective or actigraphic TST.
However, at 18-20 weeks, women who did not nap had more
self-reported total sleep time than frequent nappers (t = 2.83,
p = 0.015). Prior to adjustment there was a modest difference
between the moderate and frequent nappers in regards to TST
(t=1.80, p=10.072), but after adjustment, the moderate nappers
were similar in TST to those who took > 4 naps/2-week period
(p = 0.201). There were no other significant associations ob-
served between nap group and the nocturnal sleep parameters
of SOL, WASO, or SE derived from sleep diary or actigraphy.

We were also interested in whether the average length of a
nap was associated with nocturnal sleep parameters. We ob-
served that women who took naps with an average duration > 90
min had less diary-assessed TST (p = 0.002; Figure 2) and
had poorer diary-assessed SE (p = 0.005) compared to women
whose average nap was < 90 min. When evaluating time dif-
ferences, there was no difference between the groups at 10—12
weeks with regard to diary-assessed TST, but there was a sig-
nificant difference at 14—16 weeks (t = 3.79, p = 0.0002) and
18-20 weeks (t = 2.97, p = 0.0032). Likewise, there was a mod-
est difference in diary-assessed SE between the women who
took longer naps and those who took shorter naps at 10—12
weeks (t=1.89, p=10.059), and a significant difference at 14—16
weeks (t = 2.52, p = 0.012). The groups were similar at 18-20
weeks (Figure 3). No association was identified between dura-
tion of nap and diary- or actigraphy-assessed SOL and WASO
or actigraphy-assessed TST or actigraphy-assessed SE.

DISCUSSION

In the current study, we describe self-reported napping be-
havior across an average of 42 days in pregnant women and
examine whether moderate and frequent napping is associ-
ated with poor nocturnal sleep. We hypothesized that women
who napped more frequently would have greater disturbed
nocturnal sleep as measured from both sleep diary and actig-
raphy. As predicted, napping was associated with a decrease
in diary-assessed nocturnal TST, but not actigraphy-assessed
TST. However, we only observed a significant difference be-
tween women who reported frequent napping (> 4 naps/2-week
period) and moderate napping (1-3 naps/2-week period) at
10—12 weeks, and between frequent nappers and non nappers
at 18-20 weeks. Contrary to our predictions, we observed no
difference by group on any other nocturnal sleep parameter.

We were also interested in whether the length of a nap sig-
nificantly affected nocturnal sleep. We noted that women who
took longer naps on average had poorer diary-assessed SE and
lower diary-assessed TST than those who took shorter naps.
There was no adverse effect on SOL or WASO. One takeaway
message from these results is that among pregnant women who
are significantly sleep disrupted/deprived,** the incorporation
of naps into one’s sleep hygiene routine does not appear to im-
pair nocturnal sleep.

The mixed findings with regards to the nap groups sug-
gests several and longer naps may be warranted to offset the
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Table 1—Participant characteristics for total cohort and diary naps at 10-12 weeks.

Age

Education
Some high school
High school
Technical or trade school
Some college
College
Some post graduate
Post graduate

Race
African American
Caucasian/other/unknown

Marital Status
Married
Living with partner
Never married
Separated/divorced/widowed

Income
< $10,000
$10,000-$19,999
$20,000-$49,999
$50,000-$74,999
$75,000-$99,999
> $100,000

Parity (Yes)

Children at Home

Pre-weight

BMI (at week 10)

Blood Pressure (at week 10)
Systolic

Diastolic

Caffeine (Yes)

Exercise
Never
One a week
2-3 times a week
4-5 times a week
Every day or almost every day

Depression
Week 10

Stress
Week 10

Total Cohort (n = 161)

29.26 £4.85

24.32 (35)
75.67 (126)

0.67 +1.00

159.62 £ 40.08

26.60 £6.18

107.97 £12.65

67.78 £ 8.63

74.91(97)

492299

13.96 +6.32

Non Nappers (n =11)

32.06 + 4.86

0.80 +1.40

148.56 + 35.53

2490 £4.75

105.73 £ 11.38

66.73 + 5.90

66.67 (6)

3.09+243

10.82 £ 3.09

1-3 Naps (n =52)
28.85 £ 4.56

0.50+0.79

160.09 + 36.55

2714 £5.99

109.08 +12.28

69.24 £8.19

78,57 (33)

473+292

12.69 = 5.81

24 Naps (n =98)
29.24 +4.89

0.51+0.74

158.91 £44.98

26.52 £6.43

107.65 £ 13.06

67.12 £9.09

74.70 (62)

5.23 £3.02

15.00 + 6.64

Statistical Test

F = 2.069
p=0.130

¥ =12.337
p=0419

2 =5.275
p=0072

x2=16.274
p=0.012

2 =8.156
p=0.976

2 =0.429
D =0.807

F=0617
p =0.541

F=0.286
p=0.752

F =0.600,
p =0.550

F=0.388
p=0.679

F = 1.055,
p =0.351

= 0619,
p=0.734

2= 0.026,
p = 0.987

F =239,
p=0.068

F =3826,
p =0.024

Data presented as mean * standard deviation or % (n). Chi-square tests or ANOVA, where appropriate, were conducted to examine group differences.
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Table 2—Daytime nap characteristics for each group.

Moderate Frequent
Nappers Nappers
Diary-Assessed Naps
Total number of naps taken
10-12 weeks 210+ 0.77 (52) 7.05 + 3.26 (98)
14-16 weeks 1.91 £ 0.76 (46) 7.60 £3.28 (99)
18-20 weeks 2.05+0.81(64) 6.64 £ 3.02 (55)
Average length of nap (min)
10-12 weeks 82.91£46.40 92.54 + 47.87
14-16 weeks 83.76 + 46.57 102.69 + 50.38
18-20 weeks 78.34 £41.04 104.27 £ 58.55
Actigraphy-Assessed Naps
Total number of naps taken
10-12 weeks 2,06 +0.79 (33) 5.56 + 2.42 (32)
14-16 weeks 1.80 £ 0.78 (46) 5.97 +2.28 (30)
18-20 weeks 1.74 £ 0.76 (38) 6.53 £2.75 (15)
Average length of nap (min)
10-12 weeks 97.16 £ 59.63 81.80 £28.75
14-16 weeks 95.77 £ 62.02 89.37 + 26.82
18-20 weeks 82.89 £ 35.59 90.93 + 36.81

Data presented as mean + standard deviation with the corresponding
number of participants in parenthesis.

substantial degree of sleep deprivation/disruption reported in
early pregnancy, and that minimal negative impact is observed
on nocturnal sleep measures. Our findings both corroborate
and contradict other reported findings. In a recent report by
Coo and colleagues,*® actigraphy-assessed naps were collected
in 29 third-trimester women. They report that the average
number of naps taken in a 7-day period was 1.89 + 1.22, which
is very similar to our findings of approximately 3—5 over each
2-week period (data not shown). Interestingly, these values are
not dramatically different from what others have reported in
mid-life women*’” or college students.*® What is starkly dif-
ferent is the average nap length. They report an average nap
length of 24.59 + 9.49 min, whereas we report an average of
about 90 min. Our average nap time resembles previous work
by Mindell and colleagues who reported that in the first 22
weeks, women napped about 3.5 times/week with duration ~55
min. An explanation for the discrepancy is the method used.
Coo and colleagues used actigraphy without corroborating
self-report. They defined naps as “independent sleep periods
of more than 10 min within the circadian-defined wake time.”*
While it is plausible to identify naps without a self-report, the
interpretive value has been heavily cautioned.* Our work is
most similar to a recent report by Tsai et al.?* with regard to the
average number of self-reported naps observed in 41 third-tri-
mester frequent nappers (6.80 = 2.97) as well as the reduction
in TST. We somewhat agree with their suggestion that nap-
ping might interfere with subsequent nighttime sleep quantity,
and that it does not compromise subsequent nighttime sleep
continuity.”> However all our participants, regardless of group,
obtained 7—8 hours during 6 weeks of data collection. Thus,
it appears as if daytime naps are not detrimental to nocturnal
sleep duration, at least not in early pregnancy. Indeed, there
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Figure 1—Average minutes of diary-assessed total sleep
time by nap group and time.
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After adjusting for relevant covariates (age, race, marital status, children,
exercise habits, caffeine use, BMI, depression, and stress), we observed
a main effect for nap group on subjective total sleep time (TST), but
no group x time interaction. At 10-12 weeks, women who napped with
moderate regularity (1-3 naps/2-week period) had more self-reported
total sleep time compared to frequent nappers (= 4 naps/2-week period)
[t = 3.00, p = 0.0088]. There were no differences among the groups
at 14-16 weeks. However, at 18-20 weeks, women who did not nap
had more self-reported total sleep time than frequent nappers (t = 2.83,
p = 0.015). Prior to adjustment there was a modest difference between
the moderate and frequent nappers in TST (t = 1.80, p = 0.072), but
after adjustment, the moderate nappers were similar in TST to frequent
nappers (p = 0.201).

Figure 2—Diary-assessed total sleep time by nap length
group and time.
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After adjusting for relevant covariates (age, race, marital status, children,
exercise habits, caffeine use, BMI, depression, and stress), we observed
that long nappers (= 90 min) had significantly shorter total sleep time
(TST) than short nappers (< 90 min) with a modest group x time
interaction (p = 0.062).
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Table 3—Nocturnal sleep characteristics by nap group and time.

Nocturnal Sleep Non Nappers
Diary
Sleep onset latency
10-12 weeks 16.85+7.94
14-16 weeks 16.47 £ 7.31
18-20 weeks 17.92+9.78
Wake after sleep onset
10-12 weeks 16.10 + 11.65
14-16 weeks 18.60 £ 17.83
18-20 weeks 19.10 £ 11.96
Sleep efficiency
10-12 weeks 89.45+4.17
14-16 weeks 88.74 +4.79
18-20 weeks 89.29+438
Total sleep time
10-12 weeks 473.75 + 46.12
14-16 weeks 471.88 £ 52.75
18-20 weeks 476.05 + 55.08
Actigraphy
Sleep onset latency
10-12 weeks 11.31+6.21
14-16 weeks 17.21 £ 11.87
18-20 weeks 17.09 £ 10.92
Wake after sleep onset
10-12 weeks 73.16 + 32.60
14-16 weeks 75.56 £ 31.17
18-20 weeks 69.33 + 25.27
Sleep efficiency
10-12 weeks 81.78 + 6.66
14-16 weeks 78.74 £ 7.59
18-20 weeks 79.92 +6.49
Total sleep time
10-12 weeks 438.87 + 44.50
14-16 weeks 415.58 + 34.85
18-20 weeks 421.99 + 50.96

Moderate (1-3 Naps) Frequent (= 4 Naps)
19.46 + 12.46 20.45 + 16.67
17.43 £ 15.59 16.24 £12.13
17.18 £ 15.00 16.54 + 14.53
26.93 £ 19.58 2380+ 17.75
20.47 £ 16.41 21.86 £ 17.31
20.71 £19.17 20.09 +13.88
87.01£5.67 87.22 £6.52
88.55 +7.38 87.90 £ 6.00
88.66 + 6.88 88.31£6.04

478.75 + 53.16 449.60 + 49.41*
464.46 + 54.86 454.03 + 57.90

455.51 £ 45.67

440.50 £ 61.24™

13.87 £8.92 15.45 + 12.87
11.28 £7.07 13.68 £ 9.65
12.07 £8.34 12.28 + 11.84
104.22 + 64.62 86.38 + 53.69
87.75+£48.90 75.55 £ 39.59
74.09 £ 37.71 70.22 + 39.55
75.01£9.43 76.28 + 11.71
76.56 * 9.63 78.42 + 8.42
79.18 £7.18 79.51+£9.024
397.83 £ 60.31 379.54 +64.48*
386.92 + 62.96 390.66 + 57.64
397.45 +44.74 383.01 £ 53.32*

Data presented as mean + standard deviation. *p < 0.05 between moderate and frequent nappers. **p < 0.01 between non and frequent nappers.

were almost no differences in most of the nocturnal sleep
measures among the three groups. So it may be that Tsai and
colleagues did not ascertain enough data or participants to de-
termine whether naps are detrimental to overall sleep quantity.
One concern with the extrapolations from Tsai is that all of
their participants napped during the 7-day collection period.
As our data show, there are some modest but important differ-
ences with regard to sleep between non nappers and nappers.
Moreover, we cannot make accurate comparisons, as they only
report average nap duration from actigraphy and not diary.

In regards to the impact of length of naps, we observed min-
imal associations with nocturnal sleep measures. The women
whose average nap was > 90 min had significantly shorter TST,
and modestly lower SE. So, similar to the number of naps, a
longer nap does not appear to differentially impact noctur-
nal sleep compared to shorter naps. The available literature
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on appropriate length of naps is quite variable. Most of the
research has focused on the critical length that a nap needs
to be to observe improvement in cognitive function, perfor-
mance, or memory.?*#° Essentially all studies indicate positive
outcomes on daytime sleepiness following a nap.'“*4 The
consensus here is that healthy young adults should nap 10-30
min; naps > 30 min are thought to produce sleep inertia such
that performance is improved only after a period of time has
elapsed.'®**# This, however, does not adequately address the
notion that naps of greater length might be beneficial for aug-
menting short/disturbed nocturnal sleep,'® particularly among
pregnant women. Our findings, along with those of Tsai,? sup-
port the notion that daytime naps only modestly impact noctur-
nal sleep duration, and do not impair sleep continuity or sleep
quality. Given that poor sleep continuity and quality are im-
portant correlates of adverse pregnancy outcomes,’ #2744 we
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Figure 3—Diary-assessed sleep efficiency by nap length
group and time.
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After adjusting for relevant covariates (age, race, marital status, children,
exercise habits, caffeine use, BMI, depression, and stress), we observed
a modest difference in diary-assessed sleep efficiency (SE) between
the women who took longer naps (= 90 min) and those who took shorter
naps (< 90 min) at 10-12 weeks (t = 1.89, p = 0.059), and a significant
difference at 14-16 weeks (t = 2.52, p = 0.012). The groups were similar
at 18-20 weeks.

propose that a beneficial countermeasure to sleep disruption
is daytime naps, which is in line with several other reports in
non-pregnant cohorts.” ' Additional research is still needed
to determine the effect of naps > 30 min on pregnant women.

There is no “ideal” nap length. In fact, there is mixed support
for naps of varying length. Among elderly cohorts, longer naps
are often associated with morbidity.'*2022446 However, recent
data indicate that longer naps are health beneficial, particu-
larly among adults without clinical sleep disorders.” Among
children longer naps are considered beneficial and are encour-
aged.*”~* Older studies consistently report that the average nap
duration for adults is between 30 and 90 min.’*' We found,
similar to other reports,?2%5233 that pregnant women take lon-
ger naps on average than other cohorts. While we were unable
to denote why women took naps (e.g., appetitive or compen-
satory reasons) or what the ideal nap length for the pregnant
woman 1is, our results support the hypothesis that pregnant
women on the whole engage in napping behavior (93%). Future
studies should evaluate the reasons as to why people choose to
take naps. The impact on nocturnal sleep and health outcomes
may indeed vary whether they nap in response to sleep loss
(i.e., replacement napping) or in preparation for sleep loss (i.e.,
prophylactic napping), or simply for the enjoyment of napping
(i.e., appetitive napping). *°

This study has several strengths including a large prospec-
tively assessed cohort of pregnant women, multiple collection
methods (diary and actigraphy), and several weeks of data.
This is important to acknowledge since length of data collec-
tion correlates with degree of intra-individual variability.>* The
concomitant use of diaries and actigraphy affords the opportu-
nity to comment on the use of actigraphy in pregnant women.

641

Table 4—Nocturnal sleep characteristics by nap length

group and time.

Nocturnal Sleep Short Nappers Long Nappers
Diary
Sleep onset latency
10-12 weeks 16.52 + 11.84 2540 £17.70*
14-16 weeks 14.70 £ 9.52 20.03 £ 17.57*
18-20 weeks 15.72 £10.32 19.83 £18.75
Wake after sleep onset
10-12 weeks 23.58 + 18.86 2543 +16.96
14-16 weeks 19.64 £+ 15.95 22.91+18.13
18-20 weeks 20.15+14.30 20.13 +18.48
Sleep efficiency
10-12 weeks 88.51+5.68 85.32 + 6.35*
14-16 weeks 89.58 + 5.33 86.28 +7.73*
18-20 weeks 89.54 +4.90 88.92 £ 7.88*
Total sleep time
10-12 weeks 46436 +48.80  454.61 £ 56.83
14-16 weeks 469.74 + 4855 44410 £ 63.75*
18-20 weeks 46198 +47.88  439.09 £ 64.89*
Actigraphy

Sleep onset latency

10-12 weeks 12.13 + 8.906 19.01 £ 13.79*

14-16 weeks 11.62£7.15 15.07 £ 11.03*

18-20 weeks 13.47 £10.27 12.60 £ 10.86
Wake after sleep onset

10-12 weeks 87.83 £ 58.60 96.75 + 53.61

14-16 weeks 74.51 +£35.78 92.69 + 53.43**

18-20 weeks 69.51 £ 31.05 76.27 £ 45.07
Sleep efficiency

10-12 weeks 77.85+10.34 73.51 £ 11.18*

14-16 weeks 7918 £7.74 74.82£10.21"

18-20 weeks 80.00 £7.33 78.29 £ 8.56
Total sleep time

10-12 weeks 399.59£60.03  371.69 £66.40"

14-16 weeks 403.58 £51.92  368.56 + 64.13***

18-20 weeks 404.83 +46.83  380.63 £56.31"

Data are presented as mean =+ sleep deprivation. *p < 0.05; **p < 0.01;
***n < 0.001. Number of participants with available data:

10-12 weeks: Diary short = 100, long = 61; Actigraphy short = 94, long = 55.
14-16 weeks: Diary short = 98, long = 64; Actigraphy short = 90, long = 51.
18-20 weeks: Diary short = 101, long = 51; Actigraphy short = 95, long = 44.

Although it is well accepted that the use of actigraphy is best
validated in normal sleepers,* we contend that it is a preferable
tool to use in pregnant women. Based on our data, it appears
that pregnant women fall into the category of “normal sleepers”
rather than “abnormal sleepers,” i.e. insomnia.

We also note that there are some limitations to the current
study. We did not clinically assess sleep disordered breath-
ing or periodic limb movements by polysomnography (PSG);
however, we did exclude women who self-reported any sleep
disorder. It was not feasible to clinically evaluate women for
sleep disorders given the large number of participants. There
was also not a comparable non-pregnant cohort. This is an
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important limitation, as we cannot determine whether nap-
ping in the context of pregnancy has differential effects on
nocturnal sleep in similarly aged women. Lastly, while we
controlled for a variety of possible confounders including age,
race, marital status, whether there was a child at home, IDS
with sleep item removed, PSS, caffeine use, and exercise, we
did not include employment status in the models. There were
no significant differences among the groups so we excluded
it from analyses. This has been noted to be an important cor-
relate of nap frequency and length,”” and may depend on the
cohort being evaluated. Future studies also need to take into
account the timing of a nap. There are differential effects de-
pending on whether the nap is taken in the morning, afternoon,
or evening.**> These data are not currently available.

In summary, our results do not support the majority of the
literature that daytime naps, as well as longer naps, impair
nocturnal sleep parameters. In fact, it appears as if the majority
of our cohort of women in the early gestational period incor-
porated naps to offset poor sleep continuity and fragmentation,
but not short sleep duration. While this is an initial examina-
tion, we purport that it is equally important to denote why naps
were taken (e.g., planned or unplanned), as well to appreciate
the myriad factors that will determine the degree of benefit
derived from napping.'” Future studies need to include homeo-
static and circadian processes, subject characteristics, and psy-
chological interpretations gleaned by the subject*” in order to
fully comprehend whether naps are beneficial or unfavorable.

ABBREVIATIONS

PSG, polysomnography

SE, sleep efficiency

SOL, sleep onset latency
TST, total sleep time

WASO, wake after sleep onset
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