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Abstract

Background. Metabolic and hormonal disturbances are associated with sleep disturbances and delayed onset of lactogenesis Ii.
Research Aims. The aim of this study was to measure sleep using wrist actigraphy during gestation weeks 22 and 32 to
determine if sleep characteristics were associated with blood glucose, body mass index, gestational related disease, delayed
onset of lactogenesis li, or work schedule.

Methods. Demographic data were collected at study intake from primiparous women who wore a wrist actigraph during
gestation weeks 22 (n = 50) and 32 (n = 44). Start and end sleep time, total nighttime sleep, sleep efficiency, wake after
sleep onset, and sleep fragmentation were measured. Night to night variabifity was assessed with the root mean square of
successive difference. Blood glucose levels, body mass index, and gestational disease data were abstracted from medical
charts. Timing of lactogenesis Il was determined by survey.

Results. Between gestation week 22 and 32, sleep efficiency decreased and fragmentation increased (p < .05). During
gestation week 32, blood glucose was negatively correlated with sieep duration, and positively related to fragmentation
(p < .05). Women who experienced delayed lactogenesis It had lower sleep efficiency and greater fragmentation (p < .05),
and greater night-to-night variability in sleep start and end time, efficiency, and duration during gestation week 32 (p < .05).
Conclusion. Women with better sleep efficiency and more stable nightly sleep time are less likely to experience delayed
onset of lactogenesis . Interventions to improve sleep may improve maternal health and breastfeeding adequacy.
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Background

Delayed lactogenesis II (DLII) is milk “coming in” more
than 72 hours after birth (Lawrence & Lawrence, 2016;
Brownell, Howard, Lawrence & Dozier, 2012 ). Infants of
women who experience DLII are 7-times more likely to
lose excessive weight the first five days postpartum
(Dewey, Nommsen-Rivers, Heinig & Cohen, 2003;
Nommsen-Rivers, 2016), and thus it is not surprising that
DLII is associated with increased risk for early formula
supplementation and premature breastfeeding cessation
(Brownell et al., 2012),

There appears to be a metabolic-hormonal link to DLII,
as risks for DLII include cesarean delivery, long labor,
elevated blood cortisol, overweight/obesity, and high
infant birth weight (Fu et al., 2015; Preusting, Brumley,
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Odibo, Spatz & Louis, 2017). Lower glucose tolerance
also has been associated with longer time to onset of lacto-
genesis I (Nommsen-Rivers, Dolan & Huang, 2012), with
diagnosis of gestational diabetes mellitus (GDM) being
associated with DLII (Moreeli et al., 2011). Moreover, pro-
lactin release in response to suckling was significantly
lower in overweight or obese women compared to healthy
weight women in the early postpartum period, which may
lead to failed lactogenesis II (Rasmussen & Kjolhede,
2004; Ramiandrasoa et al., 2013). Older age at first preg-
nancy and primiparity are risks for DLIL with the rate
among primiparas reported to range from 17-44% (Dewey
et al., 2003; Matias, Nommsen-Rivers, Creed-Kanashiro &
Dewey, 2010; Nommsen-Rivers, Chantry, Peerson, Cohen
& Dewey, 2010).

Sleep disturbance during pregnancy is associated with
metabolic and hormonal disturbances in women. Pregnant
wormen who self-reported shorter nighttime sleep had an
increased risk for impaired glucose tolerance (Facco,
Grobman, Kramer, Ho & Zee, 2010; Herring et al., 2014),
An inverse association was found between self-reported
nighttime sleep duration and blood glucose levels in mid-
pregnancy {Reutrakul et al., 2011). Self-reported sleep dis-
turbance in early pregnancy was associated with higher
risk for the development of hyperglycemia (I1zci, Jackson,
Ratcliffe, Pack & Pien, 2013). Self-reported poor sleep
quality and short nocturnal sleep duration were indepen-
dently associated with increased risk of GDM (Cai et al.,
2017), and was increased among women reporting very
short sleep (<04 hr) compared with women sleeping at least
9 hours per night during early pregnancy (Qiu, Enquobahrie,
Frederick, Abetew & Williams, 2010). Pregnant women
sleeping more than 8-9 hours or less than 8-9 hours had
increased risk for GDM (Rawal, Hinkle, Zhu, Albert &
Zhang, 2017). Similarly, compared to 7-9 hours of sleep
each day, the odds ratios for GDM in women who self-
reported sleep duration of 9 hours or more per day or less
than < 7 hours/day was 1.21 or 1.36, respectively (Wang
et al., 2017). Moreover, self-reported sleep duration in
early gestation (~14 weeks) was related to third trimester
blood pressure and the development of hypertensive disor-
ders (Williams et al.,, 2010),

Objectively measured sleep duration was associated
with the development of GDM in nulliparous women
(Facco et al,, 2017}, In a prospective study of women with
GDM, sleep duration was negatively associated with fast-
ing and one-hour postprandial blood glucose concentra-
tions {Twedt, Bradiey, Deiseroth, Althouse & Facco,
2015). Moreover, short duration at approximately 21
weeks gestation was predictive of higher blood glucose
values {(Herring et al,, 2014).

The National Institutes of Health (NIH) recommend that
adults sleep 7-8 hours per day. Approximately 30% of adults
in the US sleep six hours or less a day (Schoenborn, Adams
& Peregoy 2013). In the US, race and socio-economic level
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s Sleep distwrbance alters metabolism and hor-
monal milicu, and is associated with the devel-
opment of gestational related diseases.

s Metabolic and hormonal disturbances during
pregnancy, including obesity, hyperglycemia,
gestational diabetes mellitus, and elevated cor-
tisol, are associated with delayed onset of lacto-
genesis IL

e Using wrist actigraphy to measure sleep, we
found that women who experienced delayed
lactogenesis I had lower sleep efficiency and
more variation in nightly sleep duration, as well
as higher sleep fragmentation in the third
trimester.

+ This is a novel finding, and suggests that inter-
ventions that target sleep management during
pregnancy may facilitate lactogenesis 11,

are related to adequate sleep rates. Studies of women found
36% of black or African American women versus 27% of
white women sleep six hours or less per day. Thirty-three
percent of women below poverty versus 25% of women with
income 4-times the poverty level reported 6 hours or less of
sleep per day (Schoenborn, Adams & Peregoy 2013). Sleep
quality in pregnant women was also found to be assocjated
with race, ethnicity, age and sociceconomic status (Facco
etal, 2017; Reid et al., 2017).

We recently completed a study that measured sleep qual-
ity and maternal moed using the Pittsburgh Sleep Quality
Index (PSQI) and the Edinburgh Postnatal Depression
Scale (EPDS) during gestational weeks 22 and 32 (Ahmed
et al., 2018). Poorer maternal mood score was found to be
associated with poorer sleep quality scores, Sleep scores
were also found to be associated with work schedules,
However, no significant association was found between
self-reported sleep and blood glucose or development of
gestational related disease. As part of the same study, sleep
was objectively measured using wrist actigraphy during
gestational weeks 22 and 32, as fotal sleep time is often
over estimated when self-reported (Wilson, D.L., Fung, A.,
Walker, S.P. & Barnes, M., 2013). The objective of this
study was to analyze actigraphic data to determine if objec-
tively measured sleep variables were associated with blood
glucose levels, body mass index, development of gesta-
tional related disease, or work schedule. Moreover, the
relationship between sleep duration, timing and continuity
with DILII has not been studied. We hypothesized that short
sleep duration and poorer sleep continuity during preg-
nancy is associated with DLII (Fu et al,, 2015). Thus we
also aimed fo determine if there was a relationship between
objectively measured sleep variables with DLIL
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Methods
Design

A prospective, longitudinal, one-group observational study
was used as it suggests relationships, and reliable inferences.
Thus, it allowed the analysis of sleep patterns of participants
throughout pregnancy, and the analysis of relationships
between sleep variables and the risk of gestational diseases
and delayed lactogenesis 1I ( LoBiondo-Wood & Haber,
2014). The study was approved by Institutional Review
Boards (IRB) at Purdue University, Indiana University, and
Eskenazi Health.

Setting

The study was conducted in Indianapolis, IN, an urban area
in the Midwest, which is the sixteenth most populous city in
the US. Indianapolis has an estimated population of 863,002
with the greater metropolitan area having a little over two
million residents. The ethnic and racial mix of the population
served by the prenatal clinic from which participants were
recruited was approximately 35% Hispanic, 30% African-
American, 30% Caucasian, and 5% other. All data were col-
lected from participants from August 2014 to October 2015.

Sample

Participants were recruited from an Indiana University
affiliated prenatal clinic that has a mission to serve the
underserved population. Inclusion criteria were primipar-
ity, 18-40 years of age, expecting a single infant, and will-
ingness to breastfeed. There were no exclusion criteria.
Ninety-two women were recruited for the study with the
assumption of ~60% retention rate for a target of SO0 women.
Rationale for sample size was based on a priori power cal-
culation. Data from a study by Herring et al. (2014) was
used to calculate the power in detecting differences in sleep
duration between women with and without hyperglycemia.
A power of 89%, with the alpha error rate set at 5%, was
found for a sample size of 50.

Measurements

Data collected were discrete variables on participant demo-
graphics, work schedule, disease diagnosis, and self-scores
of changes in breast fullness from time of parturition.
Continuous variable data collected were blood glucose lev-
els, body mass index (BMI), and actigraphic measures of
rest-activity.

Demographic data (e.g. participant’s age, education,
ethnicity, race, occupation, and work schedule) were col-
lected at study intake, using a 24-question survey. Consent
was obtained from women to collect protected health
information (PHI) from medical records, which included
data on physiological variables (e.g. pre-pregnancy BMI,

blood glucose levels after 50g glucose challenge test and
diagnosis of hypertension, preeclampsia, and GDM during
pregnancy). The diagnosis of gestational related disease
was defined according to the American Congress of
Obstetrics and Gynecologists (ACOG) guidelines. The 50g
glucose challenge test had been performed between 24-28
weeks pregnancy according to the ACOG guidelines
(ACOG, 2018).

Actigraphic data were collected in 30-sec epochs and
Actiware software (Version 5.04; Respironics, Inc.) algo-
rithms were used to estimate sleep parameters. Researchers
determined the nightly rest intervals by using a combina-
tion of event markers on actigrams set by the participant to
indicate start and end of nightly rest, light exposure data
collected by Actiwatch, and activity levels recorded on the
actogram. Researchers verified nightly rest intervals
against the time recorded in the participants’ sleep logs
(Patel et al., 2015).

Sleep variables measured were: (1) the night-by-night
actigraphic estimates of sleep onset time (start sleep time-
clock time of the first epoch scored as sleep in each rest
interval), (2) end sleep time (clock time of the last epoch
scored as sleep in each rest interval), (3) total sleep time
(TST-number of minutes scored as sleep in each rest inter-
val) and (4) sleep efficiency (SE-proportion of time from
sleep onset to wake in each rest interval, scored as sleep,
expressed as a percentage). The time in minutes of wakeful-
ness after sleep onset during the night (WASO) and frag-
mentation index (Fragl) were calculated. Fragl-the sum of
time awake related to total sleep time and the percentage of
very short sleep periods (= 15 s) related to the total number
of sieep periods. Therefore, this index represents restless
sleep. Sleep measures were averaged across all available
days of recording for each period (up to 7 days). Changes in
the sleep variables across 24 hr periods were assessed using
the root mean square of successive difference (RMSSD;
Burgess, Park, Wyatt, Rizvydeen & Fogg, 2017; Straus,
Drummond, Nappi, Jenkins & Norman, 2015). RMSSD is a
time-domain tool commonly used to assess heart rate vari-
ability (variability of heart rhythms), and by extension is
used as a method to assess sleep (Bei, Wiley, Trinder &
Manber, 2016).

The self-report breast fullness survey was used, and is a
validated-method that indirectly measures the timing of
onset of lactogenesis II by maternal perception of changes in
breast fullness in the post-partum (Perez-Escamilla &
Chapman, 2001). The survey asks women to report breast
fullness on a 1 to 5 scale, (e.g.1 = no change since giving
birth, 3 = noticeably fuller, and 5 = uncomfortably full, and
2 or 4 intermediate to respective order). DLII was defined as
not reporting, at least, ‘noticeably fuller’ breasts (i.e. having
a score of < 3) by day 3 post-partum (Dewey et al., 2003;
Nommsen-Rivers et al,, 2010). This is criteria set forth by
Chapman and Perez-Escamilla (2001) for determining if
milk has come in (lactogenesis II has commenced).
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The infant feeding variable was measured at one-week
postpartum. Participants completed a survey on how they
had fed their infants since birth: exclusively breastfed, par-
tially breastfed, or exclusively formula fed.

Data collection

The research team comprised two prenatal nurses, a project
coordinator, and undergraduate and graduate students, who
were trained by the project coordinator. Members of the
research team (research assistants) administered the intake
survey during the first prenatal visit following informed
consent being received from the participants.

Participants were asked to wear a wrist actigraph
(Actiwatch Spectrum, Philips Respironics, Andover, MA)
on their non-dominant wrist and to keep a sleep diary for
seven consecutive days during gestational weeks 22 and
32, Actigraphy is a validated method to measure objective
sleep (Cellini, Buman, McDevitt, Ricker & Mednick,
2013). Selection of gestational weeks 22 and 32 to mea-
sure sleep was aimed at capturing two distinct metabolic
states of pregnancy, anabolic and catabolic, respectively
{Meo & Hassain, 2016). To collect actigaphy data, partici-
pants were contacted by a research assistant prior to and
after gestational week 22 and 32 time-points by phone,
SMS-message (text), and email, in order to schedule times
for the pick-up and return of the actiwatch and sleep logs
at the study site. At the time of pick-up, instructions were
given on how to wear and operate the actiwatch, as well as
how to fill in sleep logs.

To conduct the breast fullness survey, the research team
was notified when participants were admitted to the hospital
for delivery of their infant. A research assistant visited par-
ticipants in the hospital within 36 hours of the birth of the
infant, and conducted the first breast fullness survey after
participants were given both verbal and written explanations
of the concept of milk “coming in", which was developed by
a lactation support provider. Thereafter, participants were
contacted daily (by text message, phone call, or email) to
complete the breast fullness survey until postpartum day 5.
A breastfeeding follow up survey was administered to par-
ticipants at one week postpartum, either online, using
Qualtrics, or by phone.

Protected health information was absiracted from medi-
cal charts by a research assistant after consent was obtained
from participants. A data were entered into a HIPAA-
Health Insurance Portability and Accountability Act of 1996
compliant, secured database (REDCap- Research Electronic
Data Capture) that was administered by Indiana University
(Harris, Taylor, Thielke, Gonzales & Conde, 2009). The
project coordinator reviewed data for accuracy. All consent
forms and intake surveys were kept in the project coordina-
tor’s office in a locked file cabinet.

Data analysis

Statistical analysis was conducted using SPSS (IBM SPSS
Version 24.0); a two-tailed P-value = .05 was considered
significant. Wilcoxon signed-rank test (Kerby, 2014) was
used fo analyze whether there was a difference between ges-
tational week 22 and 32 in cach of the measured sleep vari-
ables (start and end sleep time, TST, SE, WASO, Frag]), and
between groups with different BMI, gestation disease and
DLII status. The effect size for Wilcoxon signed-rank test
was calculated as the rank-biserial correlation, denoted
(Kerby, 2014),

Simple linear regression analysis was used to determine
if there was a significant bivariate relationship between
sleep variables and blood glucose levels. Pearson Chi-
square test was used to determine if the distribution of par-
ticipants who experienced DLII varied by gestation disease
incidence, BMI, blood glucose, or work schedule. Logistic
multivariate regression models were used to assess the pre-
dictive value of sleep variables and health and life-style
indicators (BMI, blood glucose level, and work schedule)
at gestational week 22 for the development of gestational
diseases or gestational week 32 for DLII. For variable
selection, AIC (Akaike Information Criteria} was applied
(Vrieze, 2012). A final analysis of sleep variables with time
point gestational week and work schedules, limited to day
workers and participants who were out-of-work, was con-
ducted. Instead of only using the average of the sleep vari-
able across all recorded days, all the characteristics of sleep
of that point were used. For example, for each participant
during gestational weck 22, seven measurements were
used, if participant had seven days of data. For each partici-
pani, the measurements in different days were treated as
repeated measures. Based on this, a linear regression model
with repeated measures was tested using generalized esti-
mating equations (GEE, Ming, 2014) for each of the sleep
variables to explore the association between sleep variable
and gestationa] time point, BMI, blood glucose level, and
schedule (working day/out of work).

Results

Characteristics of the sample

Of the 92 women enrolled, 50 women completed gestational
week 22, 46 completed gestational week 32, and 42 women
completed all aspects of the study. Changes in health status
or other life events were reasons for approximately half of
the study withdrawals (rn = 26). The other half were with-
drawn from the study by members of the research staff due to
failure to comply with study protocol. Participants who com-
pleted all elements of the study had a median age of 23 years
old, and two-thirds were black or African American {# = 27;
Table 1). Analysis of recruited, retained, and withdrawn
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Table I. Demographic and Health Characteristics of Study
Sample (n=42).

Table 2. Comparison of Sleep Variables Measured by Wrist
Actigraphy during Gestational Week 22 and 32°.

Characteristics n (%)
Race
African American 27 (64)
White 7(18)
More than one race, or other 5(13)
Unknown/not reported 3(5)
Ethnicity
Hispanic 6 (14)
not Hispanic or Latino 36 (86)
Education
Graduate degree 6(14)
Bachelor degree 5(1)
Associate degree 3
High school or GED 26 (64)
No high school or GED 24
Yearly household income
Less than $10,000 19 (45)
=$10,000, but <$25,000 10 (23)
=$25,000, but <$50,000 10 (23)
=$50,000 4(9)
Diagnosis
Pre-eclampsia 5(11)
GDM 4(9)
Hypertension 21 (25)
Any gestational disease® 14 (33)
BMI >25 20 (48)
Hyperglycemia (blood glucose = 130 mg/dL) 7(16)

Note. Data presented describe the demographics and rate of diagnosis
among the 46% of participants (n=42) who completed all aspects of the
study. The total sample size was N=92,

*Any gestational disease is percent of population with any diagnosis of
preeclampsia, hypertension, andfor gestational diabetes mellitus (GDM);
therefore percent not additive across diagnosis, BMi= Body mass index.

populations found no difference in demographic variables
among groups.

Relationships Between Gestational Week, Sieep
and Activity Variables

The mean number of days of recorded actigraphic data
were 6.5 (0.8) days at gestational week 22 and 6.6 (0.8)
days at gestational week 32, with minimum number of
recorded days at 3.5 and 4, respectively. There was no dif-
ference between mean total night sleep time for gestational
week 22 (7.35 (1.18) hr/night) and gestational week 32
(7.13 (1.06) hr/night; Table 2). However, sleep efficiency
was significantly decreased between gestational week 22
and gestational week 32, while WASQ and Fragl signifi-
cantly increased, indicating that sleep continuity decreased
between the second and third trimester. There were no sig-
nificant differences in RMSSD, suggesting there was no
change in night-to-night variability in the sleep measures
between gestational time points.

Gestational  Gestational
Week 22  Week 32
n=50 n=44

M (SD) M (SD) r p
Start sleep time 00:20 (1.9) 00:20 (1.9) 0.07 0.67
End sleep time 06:48 (3.6) 07:30(27) 020 0.19
Total sleep time (min) 441 (71) 424 (62) 0.14 0.39
Sleep efficiency (%)° 88 (4) 86 (6.5 0.39 0.0l
WASQO (min)* 61 (25) 73(36) 0.37 0.02
Fragl® 216(62) 249(84) 049 0.00!

*based on Wilcoxon rank sum test

®Sleep efficiency is the proportion of time from sleep onset to wake in
each rest interval, scored as sleep, expressed as a percentage.

‘WASOQ is wake after steep onset.

4Fragl is fragmentation index, which is the sum of time awake related to total
sleep time and the percentage of very short sleep periods (= 15s) related to
the total number of sleep periods, and therefore is an index of restless sleep.

Table 3. Correlation of Blood Glucose Levels with Sleep
Variables During Gestational Weeks 22 and 32.

Gestational week 22  Gestational week 32

n=50 n=44

mean r p r b

Start sleep time -0.15 0.35 0.10 0.53
End sleep time -0.02 0.90 -0.10 0.56
Total sleep time 0.01 0.95 -0.37 0.02
Sleep efficiency® -0.13 0.41 -0.21 0.19
WASQ® 0.13 041 0.13 0.43
Fraglc 0.18 0.26 0.42 0.01

*Sleep efficiency is the proportion of time from sleep onset to wake in
each rest interval, scored as sleep, expressed as a percentage,

"WASO is wake after sleep onset,

‘Fragl is fragmentation index, which is the sum of time awake related to
total sleep time and the percentage of very short sleep periods (=15 s)
related to the total number of sleep periods, and therefore is an index of
restless sleep.

Relationship of Sleep and Activity With Health
Indicators

Approximately 16% (# = 30) of the participants had hyper-
glycemia (= 130 mg/dL). Linear regression analysis showed
no significant relationship between actigraphic mean or
RMSSD of sleep measures at gestational week 22 with blood
glucose levels (Table 3). Blood glucose levels were nega-
tively associated with total sleep duration (time) and posi-
tively associated with Fragl at gestational week 32.
Approximately 48% (# = 24) of the participants had
healthy pre-pregnancy BMI (>18.5, <25), 4% (n = 2)
were underweight (BMI < 18.5), 20% (n = 10) were
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Table 4. Comparison of Sleep Variables Grouped by Diagnosis of Gestational Related Disease During 22 and 32 Gestational Weeks
(IN=45).

Gestational Weeks 22 Gestational weeks 32

No disease Disease No disease Disease
n=30 n=15 n=29 n=15
M (SD) M {(SD) r [ M (3D} M (SD) r b
Start sleep time 00:14 (2.01) 00:27 (2.20) 0.09 0.57 00:20 (1.42) 23:57 (1.70) 0.10 0.50
End sleep time 06:48 (3.5) 06:55 (3.6) 0.05 0.75 07:41 (2.66) 0719 (2.87) 0.07 0.64
Total sleep time {min) 4345 (639 433.7 (61.2) 0.07 0.66 434.0 (53.8) 412.2 (747} Q.12 0.43
Sleep Efficacy (%) 89.12 (4.29) 87.69 (3.8) 0.15 0.31 87.62 (4.33) 82.58 {9.25) 0.27 0.07
WASQO (min)" 5467 (21.7) 64.70 (30.4) 0.12 0.43 63.10 (23.5) 90.60 (49.3) 0.26 0.08
Fragl® 20,13 (6.66) 22.3% (4.28) 0.1 0.30 2255 (6.27) 29.8] (10.6) 0.34 0.02

*Sleep efficiency is the proportion of time from sleep onset to wake in each rest interval, scored as sleep, expressed as a percentage.

PWASO is wake after sfeep onset.

“Fragl is fragmentation index, which is the sum of time awake related to total sleep time and the percentage of very short sieep perlods (=15 s) related to
the total number of sleep periods, and therefore is an index of restless sleep.

overweight (BMI > 25, <C30), and 28% (» = 14) were
obese (BM1 > 30), Mean blood glucose levels were signifi-
cantly lower in participants with BMI < 25 (96.5 mg/dL
{8.0) than women with BMI = 25 (115.0 mg/dL (31.5).
Mean sleep metrics were not different between BMI
groups (Supplemental Table §1).

The rate of diagnosis of GDM, pre-eclampsia, and hyper-
tension were 11% {(n = 5) 13% (n = 6), and 27% (n = 12),
respectively, The sample size was too small to study the poten-
tial relationship of each disease with sleep variables, thus anal-
yses were conducted to examine the development of any
gestational related disease (GDM, pre-eclampsia, and hyper-
tension), which there was in 33% (» = 15) of the population.
‘Women with gestational disease had significantly greater sleep
fragmentation (Fragl) at gestational week 32 (Table 4).

Relationship of Health and Sleep Variables with
Timing of Lactogenesis Il

Participants showed progressive changes in self-reported
breast fullness in the first few days post-partum (Figure 1).
By day three, 69% (n = 29) of participants reported breasts
were “noticeably fuller” or more (a score of 3 or more).
Thus, approximately 31% (» = 15) of participants experi-
enced DLII. Blood glucose levels were not different
between participants who experienced DLII from those
who did not. The rate of overweight/obesity in participants
who experienced DLII (46%, » = 6) was similar to those
that did not (44%, n = 13). Approximately 33% (1 = 5) of
the participants who experienced DLII had developed a
gestational related discase; this rate of gestational disease
was not different from the 31% (r = 9) of participants who
did not experience DLII.

Rate of cesarean delivery, length of labor, infant birth-
weight, and gestational age at birth were not significantly

different between DLIT and non DLII groups (see
Supplemental Materials Table S2). Although frequency of
suckling was not measured in this study, we were able to
evaluate first feeding and exclusivity at one week. In par-
ticular, first feeding data were available in medical charts
from the majority of the study participants (n = 39); all
participants were reported to have breastfed their infant at
first feeding. At one week postpartum, participants were
asked how they had fed their infant since birth. Although
there was a difference in rates of exclusive breastfeeding
among participants who experienced DLII (27%; n = 4)
versus those who did not (42%; n = 12), the difference
was not statistically significant at this sample size (p =
0.22). One participant in each group was exclusively feed-
ing infant formula; all others were feeding both breast-
milk and formula.

Participants who experienced DLII had significantly
lower sleep efficiency at gestational week 32 compared to
participants who did not (Table 5). There was a tendency for
lower sleep efficiency in the DLII group at gestational week
22 (Table 5). WASO was significantly higher in participants
who experienced DLIT compared to those who did not at ges-
tational week 32 (Figure 2A). There was also a tendency for
a difference in WASO between the groups at gestational
week 22. Mean sleep fragmentation index at gestational
week 32 was greater in participants who experienced DLIL
Night to night variation in start and end of sleep time (Figure
2B), total sleep time, SE, and WASQO at gestational week 32
was greater in participants who experienced DLII, as was
indicated by greater RMSSD values than in those who did
not, RMSSD of sleep fragmentation index at gestational
week 22 was significantly greater in participants who experi-
enced DLII than those who did not (Table 5).

A multiple logistic regression model was used to evaluate
the relationship between sleep variables and DLIL For the
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Participant reports on e change in breast [illness score
on postpartum (PP) days E-5.

PPl PP2 PP3 PP PPRS

score |omscore? #seore 3 mscored  Bscore S

Figure |. Proportion of women reporting breast fullness score |-5, on postpartum days one through five. Score of |= no change since
giving birth, 3 = noticeably fuller, and 5 = uncomfortably full. A score of <3 on postpartum day 3 was considered DLII.

Table 5. Comparison of Sleep Variables During 22 and 32 Gestational Weeks Grouped by Experience of Delayed Lactogenesis {1
(DLH) (N=44).

Gestational Week 22 Gestational Week 32
No DLII DL No DL DLI
n=29 n=15 n=29 n=15
M (SD) M (SDj r P M (5D} M (SD} r b
Start sleep time 00:14 (1.53) 00:13 (2.81) 0.05 075 00:27 (1.43) 23:54 (1.61) 0.23 0.13
End sleep time 07:02 (2.86) 06:28 (4.62) 0.06 0.7} 08:19 (1.23) 06:14 (4.08) 0.30 0.02
Total sleep time (min} 434.7 (59.0) 433.4 (70.0) 0.03 0.85 438.0 (54.1) 416.5 {60.8) 0.15 0.34
Sleep efficiency (%)a 89.51 (3.85) 87.18 (4.44) 0.28 0.06 88.14 (4.31) 83.56 (6.04) 0.35 0.02
WASO (min)b 52.49 (20.3) 67.28 (29.6) 0.27 0.07 61.10 {25.4) 86.01 (38.1) 0.36 0.02
Fraglc 19.70 (5.37) 22.87 (6.87) 0.22 0.15 22.50 (5.69) 2742 (821) 0.31 0.04
RMSSD® (SD) RMSSD (SD) v p RMSSD (SD) RMSSD (5D) r p
Start sleep time 1,71 (0.93) 2.15 (1.68) 0.10 0.51 .47 {0.76) 2,13 (0.93) 0.36 0.02
End sleep time 1.63 (1.41) 1.91 {1.09) 0.23 0.13 1.37 (0.59) 2.59 (1.23) 0.51 0.0003
Total sleep time (min) 121.1 (67.7) 136.2 (74.8) 0.13 0.42 94.61 {(41.7) 152.1 (54.4) 047 0.001
Sleep efficiency (%) 4.40 (2.49) 6.17 (3.15) 0.27 0.07 4.74 (4.29) 761 (6.03} 0.32 0.03
WASQO (min) 30,65 (18.5) 44.62 (30.3) 0.26 0.09 33.38 (344) 62.29 (38.6) 0.46 0.002
Fragl 749 (3.62) 11.25 (4.38) 0.39 0.008 891 (5.38) 10.42 (5.28) 0.14 0.35

*Sleep efficiency is the proportion of time from sleep onset to wake in each rest interval, scored as sleep, expressed as a percentage.

"WASO is wake after sleep onset.

“Fragl is fragmentation index, which is the sum of time awake related to total sleep time and the percentage of very short sleep periods (=15 s) related to
the total number of sleep periods, and therefore is an index of restiess sleep

9RMSSD is root mean square of successive difference.
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Figure 2A, WASO During Gestation Week 32 (G32) in Study
Participants who did not {no DLII} and did (DLII) Experience
Delayed Onset of Lactogenesis I, Values are mean or RMSSD +
SD. (* indicates a difference at P<<0.05).

full modet sleep variables from gestational week 32 along
with BMI, blood glucose levels and gestational disease were
considered. This was followed by variable selection with the
smallest AIC to develop the final model. The final model
indicated sleep efficiency and the RMSSD of total sleep time
were predictors for the model with a goodness-of-fit test p
<0.01. The model showed that DLII was significantly
related to sleep efficiency and the RMSSD of total sleep time
during gestational week 32,

Relationship of Work Schedule to Sleep Variables

Information regarding individual’s work schedules was col-
lected from 45 women by survey at study intake. The rela-
tionship between work schedules was analyzed to determine
if life-style factors were related to the differences among
BMI, disease, DLII groups, and sleep variables.
Approximately 48% (n = 22) of women reported working
day shifts, 24% (n = 11) were out of work, and 26% (n = 12)
worked nights or shift-work. Work schedules had a signifi-
cant relationship with blood glucose, with glucose levels sig-
nificantly higher in women who worked nights or shift work
{120.5 (35.2) mg/dL) schedules versus those who worked
day shifts (97.25 (19.7) mg/dL; p < .05). There was no dif-
ference in mean pre-pregnancy BMI between groups.
Frequency of gestational-related disease between groups
was similar, 33% (» = 7), 27% (n = 3), and 33% (n = 4),
as was the frequency of women with DLII 38% (n = 8),

Night-to-night variation i total
sleep tine
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Figure 2B. Night-to-Night Variation (RMSSD) of Total Sleep-
Time During Gestation Week 32 (G32) in Study Participants who
did not (no DLII) and did (DLIl) Experience Delayed Onset of
Lactogenesis II, Values are mean or RMSSD = SD. (* indicates a
difference at P<(0.05).

27% (n = 3), and 33% (n = 4), respectively by work sched-
ule (day-shift, out-of-work, night/rotating shift). The
Pearson Chi-square test found no significant relationship
between disease or DLII and work schedule.

Work schedule was not significantly related to any of the
sleep variables (Supplemental Table $3), aithough there was a
weak signal for a difference in average start and end of sleep
time during gestational week 32. However, because night-shift
work is associated with changes in hormones and metabolites
and health, the relationships between sleep and health indica-
tors, including DLII, were reexamined with the night/shift
workers removed to determine if that affected the results.
Reanalysis found a weak signal for an increase in Fragl
between gestational week 22 and 32. Blood glucose levels had
a negative relationship with sleep efficiency during both ges-
tational week 22 and 32, as well as total sleep time during
gestational week 32. In addition, blood glucose was positively
associated with Fragl during gestational week 32. There was
no relationship between development of gestational related
disease and sleep metrics at gestational week 22 or 32,

Repeated measure simple linear regression models using
GEE revealed that gestational time point significantly
explained differences in SE, WASO, and Fragl. Blood glu-
cose level had a significant impact on SE, WASO, and Fragl.
Moreover, work status had a significant association with start
sleep time. Women out of work had a later start sleep time
than daytime workers (diff = 1 hour, p = .05). As blood
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glucose level increased by one unit, sleep efficiency
decreased by 0.10% (p << .05), and sleep efficiency during
gestational week 32 was worse than 22 (diff = 1.5%, p <
.05). WASO increased by 0.48 (p = .04) and Fragl increased
by 0.12 (p = .054) as blood glucose levels increased by one
unit. Furthermore, WASO and Fragl both significantly
increased from gestational week 22 to 32 (p < .05).

Reanalysis of the relationship of DLII with sleep charac-
teristics in the subset of women (day shift and out-of-work)
found RMSSD of sleep start (1.42 (8.2) and 1.99 (0.57), p =
0.02) and end (1.41 (0.58) and 2.41 (0.97); p = .004) time
during gestational week 32 to be significantly different
between women who did not experience DLII, and those
who did, respectively. RMSSD of total sleep time (90.62
(43.5) and 151.17 (51.9)%; p = .004) and WASO (32.35
(39.3) and 46.01 (7.25); p = .01) during gestational week 32
were significantly different between women who did not
experience DLII, and those who did, respectively. A final
simple logistic model was used to test associations and DLH
was found to be related to the RMSSD of total sieep time
during gestational week 32 (p = .02).

Discussion

QOur main finding was that lower sleep efficiency and greater
vatiation in nightly sleep duration in the third trimester was
associated with delayed lactogenesis I1. This finding sup-
ports our hypothesis and, to our knowledge, is novel. Here
we discuss study findings in relation to consistency to previ-
ously published data on sleep during pregnancy and maternal
physiology. Also discussed is the implication of findings for
the clinical management of breastfeeding women and the
limitations of the study.

Relative to non-pregnant women, pregnant women expe-
rience increased sleep fragmentation (Gay, Richoux, Beebe
& lLee, 2017), lower sleep efficiency, poorer subjective sleep
quality, and higher daytime sleepiness (Berndt, Diekelmann,
Alexandez, Pustal & Kirschbaum, 2014), However, pregnant
women slept longer in total than non-pregnant controls. We
found that between the second and third trimester, although
fotal sleep time did not change, sleep quality deteriorated,
with sleep efficiency decreasing and Fragl increasing
between gestational week 22 and 32, which is consistent
with findings of Tsai et al, (2016).

Similar to previous studies of pregnant women (Herring
et al.,, 2014; Reutrakul et al., 2011}, we found an inverse
association between nighttime sleep duration and blood glu-
cose. Blood glucose level was inversely related to sleep effi-
ciency, and positively related to sleep fragmentation index
during gestational week 32. Moreover, higher blood glucose
was found in participants who worked night/shift schedules
versus those who worked during the daytime. This is consis-
tent with findings of a systematic review that concluded
shifi-work was related to the development of hyperglycemia
and type IT diabetes (Knutsson & Kempe, 2014},

Obesity has been associated with greater variability in
time in bed and sleep duration in non-pregnant women {Reid
et al., 2017). In pregnant women higher WASO was related
to greater BMI (Haney et al,, 2014), and excess gestational
weight gain was associated with poorer perceived sleep qual-
ity, but was unrelated to objective measures of sleep duration
and disruption (Gay, Richoux, Beebe & Lee, 2017). In our
sample, there was only a weak signal for an association of
overweight/obesity with more fragmented sleep during the
third trimester. We found that gestational time point signifi-
cantly explained differences in sleep efficiency, WASO, and
Fragl, suggesting that factors associated with pregnancy and
not BMI were driving differences in sleep metrics.

Self-reported and objectively measured shorter sleep dura-
tion have been associated with development of GDM, hyper-
tension, and preeclampsia (Cai et al., 2017; Facco et al., 2017,
Qiu, Enquobahrie, Frederick, Abetew & Wiliiams, 2010;
Rawal, Hinkle, Zhu, Albert & Zhang, 2017; Williams et al.,
2010). We did not find a relationship between total nighttime
sleep and development of gestational-related disease.
However, greater sleep fragmentation and a tendency for
poorer sleep efficiency during gestational week 32 was found
in participants who developed a gestational related disease.

Participants who experienced DLIT had significantly lower
sleep efficiency, and significantly higher WASQO and sleep
fragmentation during gestational week 32. During gestational
week 22, there was also a tendency for lower sleep efficiency
and higher WASO in the DLII group. Night-to-night variation
in start and end of sleep time, total sleep time, sleep effi-
ciency, and WASO at gestational week 32 was greater in par-
ticipants who experienced DLII. DLII was significantly
related to average sleep efficiency and the RMSSD of total
sleep time during gestational week 32, supporting the finding
that women with better sleep efficiency and more stable
night-to-night sleep duration will have a lower risk of DLIIL.

To ensure findings were not due to the shift-workers in the
respective samples, analyses were rerun after removal of this
population. The relationship of DLII with sleep characteris-
tics remained after the shift-workers were removed.
Specifically, the RMSSD of total sleep duration and sleep
start and end time during G32 were significantly greater in
participants who experienced DLIL

Sleep is cooperatively regulated by homeostatic and cir-
cadian factors, with reciprocal regulation among the circa-
dian timing system and sleep-wake cycle. Reciprocal
regulation also occurs among circadian and metabolic sys-
tems, and thus it is not surprising that study findings support
a mechanistic link between inadequate sleep, circadian dis-
ruption, and the development of metabolic disease
(Poggiogalle, Jamshed & Peterson, 2018). Changes in hor-
mones and metabolism occur in the periparturient period to
divert energy and substrates to the mammary glands to initi-
ate lactogenesis II (Fu et al., 2015). Poorer sleep continuity,
as indicated by lower sleep efficiency and greater WASO and
Fragl, may be associated with DLII because it alters the
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metabolic and hormonal environment needed to initiate lac-
togenesis I1.

Further studies are needed to conclusively link sleep and
circadian disruption with metabolic and hormonal distur-
bances that affect lactogenesis II. Also needed are interven-
tion studies aimed at determining the impact of raising a
woman’s awareness of sleep, eafing, and exercise patterns
through diaries and self-monitoring, and educating women
about good sleep habits and the consequences of sleep depri-
vation, and how exposure to light at night during gestation
affects the timing of lactogenesis II. Studies that examine
whether sleep and circadian disruption affect milk produc-
tion during an ¢stablished lactation are alse need. These may
be particularly important for developing breastfeeding man-
agement guidelines for women returning to shift-work after
the birth of their infant,

The relationship of DLII with higher night-to-night vari-
ation in total sleep time, even after the shift-workers were
removed from analyses, suggest that self-imposed (versus
work imposed) social jet lag may be an issue in the study
population. More than half the population studied was less
than 23 years old and had an annual income of less than
$25,000. Two-thirds of participants were African-American
women, with the highest education level being high school
graduate, Sleep quality in pregnant and non-pregnant
women varies with demographics. In studies of pregnant
women, younger African-American women with a lower
socioeconomic status were associated with relatively poorer
sleep metrics (Facco et al, 2017; Reid et al., 2017).
Intervention studies aimed at these populations are thus
particularly warranted.

Limitations

The primary limitation of our study was the small sample
size, with 54% of recruited population lost to follow-up.
Therefore, the interpretation of findings is limited. However,
findings support our hypothesis, justifying a study of a
larger population which will enable analysis of the relation-
ship of sleep, gestational related disease, and timing of lac-
togenesis Il with covariates and confounders. Secondly,
sleep apnea was not assessed in the study and may be driv-
ing some of the sleep discontinuity found, and will require
further studies. In addition, despite the validation of actigra-
phy in objectively measuring sleep (Cellini et al., 2013),
limitations exist for estimating some sleep/awake parame-
ters relative to polysomnography. Overall actigraphic sensi-
tivity and accuracy are high relative to polysomnography,
but specificity is low (Marino et al., 2013). Furthermore,
although meta-analysis found the breast fullness survey ade-
quate for determining the timing of lactogenesis 11 (Perez-
Escamilla & Chapman, 2001), using a biomarker such as
measuring milk and serum lactose or citrate levels, or
weighing breasts (Murase, Wagner, J. Chantry, Dewey &
Nommsen-Rivers, 2017; Panwara, Kasem, Wipada, Maysita

& Pawin, 2016; Rebecca et al., 2018), would strengthen the
approach to determining DLII. Moreover, data available
from medical charts on labor length and the timing of first-
feeding was sparse and varied by clinician. Active collection
by research teams of data needed for a comprehensive
assessment of the factors that affect lactogenesis I1, rather
than relying on abstracting information from medical charts,
would increase the efficacy of the approach. Finally, there
was lack of agreement between findings presented here and
our analysis of self-reported sleep quality in the same popu-
lation of pregnant women, which found no significant asso-
ciation between sleep scores during gestational week 22 and
32 and blood glucose levels nor gestational related diseases
(Ahmed et al., 2018). Lack of agreement between the meth-
ods may reflect that self-reports of sleep made by both preg-
nant and non-pregnant women tend to be unreliable relative
to objectively measured sleep, with women overestimating
total sleep time and underestimating sleep latency (Wilson,
D.L., Fung, A., Walker, S.P. & Barnes, M., 2013).

Conclusion

Women who experienced DLII had significantly greater vari-
ations in start sleep time and lower sleep efficiency in the
third trimester. Therefore, interventions that target sleep res-
toration might improve breastfeeding adequacy by decreas-
ing the risk of DLII, which has been shown to contribute to
carly formula supplementation and breastfeeding cessation.
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