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Abstract
Background Poor sleep is associated with adverse out-
comes among postpartum women. Exercise may im-
prove sleep, but this has not been well examined in the 
postpartum period. 
Purpose To examine the impact of a culturally modified, 
individually tailored lifestyle intervention on sleep out-
comes among postpartum Latina women.
Methods Estudio PARTO was a randomized con-
trolled trial aimed at reducing Type 2 diabetes among 
Latina women with abnormal glucose tolerance in 
pregnancy. Participants were randomized to a lifestyle 
(i.e., diet and exercise; n = 70) or a health and wellness 
control intervention (n = 78) in late pregnancy (base-
line). The Pittsburgh Sleep Quality Index (PSQI) was 
used to measure sleep quality (PSQI score), onset la-
tency (minutes per night), duration (hours per night), 
efficiency (percentage of  the time in bed asleep), and 
daytime dysfunction at baseline, 6 weeks, 6  months, 
and 12 months postpartum.

Results Mean PSQI score (6.56 ± 3.87), sleep duration 
(6.84  ± 1.75  hr/night), and sleep efficiency (79.70% ± 
18.10%) did not differ between the arms at baseline. 
Mixed-effects models indicated a greater decrease of 
1.29 in PSQI score (i.e., improved sleep quality) in the 
lifestyle versus health and wellness arm (95% confidence 
interval [CI] = −2.50 to −0.08, p = .04) over follow-up. 
There was the suggestion of a smaller decrease in sleep 
duration (mean = 0.48 hr/night, 95% CI = −0.10 to 1.06, 
p = .10) in the lifestyle versus health and wellness arm. 
There were no statistically significant differences in other 
sleep outcomes between arms. 
Conclusions Findings suggest that lifestyle interven-
tions improve sleep quality but not sleep duration, sleep 
onset latency, sleep efficiency, or daytime dysfunction 
in postpartum Latina women and, therefore, may hold 
promise for improving subsequent mental and physical 
health in this population.
Clinical Trials Registration NCT01679210.
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Background

Sleep disruption is common among postpartum women 
and is associated with adverse maternal outcomes, 
including postpartum weight retention and postpartum 
depression [1, 2]. For example, in the Project VIVA study, 
short sleep duration at 6 months postpartum was asso-
ciated with three times the risk of substantial (>5  kg) 
postpartum weight retention at 1  year postpartum [3]. 
The Child Health Promotion Project in Shanghai study 
found that persistently poor sleep quality (vs. improving 
sleep quality) from late pregnancy (~36–38 weeks gesta-
tion) to 36 weeks postpartum was associated with higher 
depressive symptoms at 36 weeks postpartum [4].
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Sleep conveys a broad range of mental and physical 
health benefits. Healthy sleep is associated with positive 
emotion regulation and mood [5]. Acute bouts of sleep 
support emotional memory consolidation and reset the 
amygdala–prefrontal cortex activity to provide the ap-
propriate levels of inhibition on behavior [6]. Sleep is 
likewise associated with immune health [7] and allows 
for the functioning of the glymphatic system, which sup-
ports brain health [8]. Thus, interventions that improve 
sleep in women during the postpartum period are essen-
tial for promoting short- and long-term maternal health.

The 2018 Guidelines for Physical Activity and Health 
noted that there is moderately strong evidence that phys-
ical activity can improve sleep quality in the general adult 
population [9]. A meta-analysis of acute and regular ex-
ercise interventions found that exercise had small to large 
effects on several domains of sleep (e.g., subjective sleep 
quality) in general adult populations [10]. Moreover, in 
a pooled analysis of 4 MsFlash Trials, exercise interven-
tions were found to be less effective than cognitive behav-
ioral therapy for insomnia but at least as effective as sleep 
medications at reducing symptoms of insomnia among 
perimenopausal and postmenopausal women [11]. Given 
that there are fewer concerns for adverse side effects of 
engaging in exercise compared to long-term use of sleep 
medications, exercise promotion may be an effective al-
ternative for addressing poor sleep.

However, the majority of prior exercise interventions 
were conducted among nonpostpartum populations. 
Postpartum women have unique factors that disrupt 
their sleep, such as infant feeding and sleeping schedule, 
other caregiving demands, anxiety, or worry about the 
child, depression, or other mood disturbances, work/life 
balance, adjusting to new parental roles, and relation-
ship stress [12–15]. Thus, it is unclear if  exercise is an 
effective strategy for improving sleep in women during 
the postpartum period.

Also, the limited prior research among postpartum 
women was conducted among non-Latina populations 
[16, 17]. Therefore, research is needed to determine 
the effects of lifestyle modification on sleep among 
postpartum Latina women. Latina populations repre-
sent a growing demographic that are disproportionately 
affected by poor sleep and adverse maternal health out-
comes [18, 19]. For example, Latinas are two-to-four 
times more likely to report poor sleep compared to 
whites, and racial/ethnic disparities in sleep have been 
recognized as likely contributors to racial/ethnic dispar-
ities in cardiometabolic health outcomes [20, 21]. In the 
Hispanic Community Health Study/Study of Latinos 
(HCHS/SOL), short sleep was most common in individ-
uals of Puerto Rican heritage (25.6%) amongst all Latina 
subgroups [22]. The HCHS/SOL also found that stress 
related to acculturation and ethnic discrimination was 
associated with a higher prevalence of excessive daytime 

sleepiness, and ethnic discrimination was further asso-
ciated with a higher prevalence of short and long sleep 
duration [23]. Moreover, Latina Americans have the 
highest age-adjusted prevalence of obesity in the USA 
(50.6%) [24] as well as higher proportions of excessive 
postpartum weight retention (i.e., 40%–60%) compared 
to non-Latina whites [25, 26]. In spite of these observa-
tions, due to socioeconomic circumstances, health lit-
eracy, and language barriers, Latina women have had 
limited access to interventions that promote healthy 
lifestyles. Lifestyle interventions that are appropriately 
tailored to Latina populations to increase their accept-
ability and effects have the potential to make a substan-
tial impact on maternal health [27, 28].

The purpose of this secondary analysis was to examine 
the impact of a culturally and linguistically modified, in-
dividually tailored lifestyle intervention that addressed 
diet and exercise on sleep quality, sleep duration, and 
sleep efficiency among postpartum Latina women. We 
hypothesized that participation in the lifestyle interven-
tion would be associated with improved sleep outcomes 
compared to a health and wellness comparison arm.

Methods

Study Population

Estudio PARTO (Proyecto pAra Reducir diabetes Tipo 
dOs; NCT01679210) was a randomized controlled 
trial conducted in the ambulatory obstetrical prac-
tices of Baystate Medical Center from 2013 to 2017. 
Baystate Medical Center is a large tertiary care facility 
in western Massachusetts that serves an ethnically and 
socioeconomically diverse population. The study de-
sign and participant recruitment and enrollment are 
described in more detail elsewhere [29, 30]. In brief, the 
overall goal of the trial was to test the efficacy of a cul-
turally and linguistically modified, individually-tailored 
lifestyle intervention to reduce risk factors for Type 2 
diabetes and cardiovascular disease postpartum (e.g., 
postpartum weight retention and physical activity) [31].

Eligibility criteria included women at elevated risk 
for developing Type 2 diabetes, defined by having 
plasma glucose concentration ≥135 mg/dL on the rou-
tine screen for gestational diabetes mellitus. Latina 
ethnicity was identified via self-report using the fixed 
category question, “Are you Latina or of  Spanish or 
Latina origin or descent? (yes, no)” in the manner of 
the U.S.  census. Exclusion criteria included women 
with a (a) history of  Type 1 or Type 2 diabetes, heart 
disease, or chronic renal disease, (b) contraindications 
to postpartum participation in the trial’s intervention 
activities, including engagement in moderate-intensity 
physical activity, consumption of  a low-fat/high-fiber 
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diet (e.g., Crohn’s disease and ulcerative colitis), or (c) 
self-reported inability to read English or Spanish at a 
sixth-grade level. For this secondary analysis, we fur-
ther restricted our sample to women with data on any 
sleep outcome at baseline and at least one follow-up 
visit. Figure 1 describes the participant flow.

Eligible women were recruited by bilingual/bicultural 
health educators at the time of routine screening for gesta-
tional diabetes mellitus (24–28 weeks gestation) and ran-
domly assigned to either a lifestyle or health and wellness 
intervention (Fig. 1). Randomization was stratified by 
the results of the diagnostic 100 g oral glucose tolerance 
test using thresholds defined by the American Diabetes 
Association (ADA): (a) no glucose values meeting or ex-
ceeding the ADA thresholds or (b) one or more glucose 
values meeting or exceeding the ADA thresholds [32].

Procedures

The intervention design is described in more detail else-
where [30]. Briefly, both intervention arms had an intro-
ductory phase (~29 weeks gestation to the time of 
birth) that was followed by an active phase (6 weeks 

postpartum–6 months postpartum) and then a mainten-
ance phase (6 months–1 year postpartum). Both the intro-
ductory phase and the active phase were initiated with an 
in-person session, after which participants received weekly, 
biweekly, and monthly telephone booster calls and mailings. 
Tailoring questionnaires were administered to both inter-
vention arms at 6 weeks, 6 months, and 1 year postpartum 
to inform culturally and motivationally tailored feedback. 
The diet tailoring questionnaire asked participants to re-
port the frequency of consumption of high-calorie and 
lower-calorie foods and beverages that were relevant to 
Latina/Latinx populations. Participants were also asked 
to indicate their confidence level for decreasing their con-
sumption of high-calorie foods and increasing low-calorie 
foods. The exercise tailoring questionnaire consisted of 
three measures: stages of change for physical activity [33], 
processes of change for physical activity [34], and self-
efficacy for physical activity [35]. All print-based interven-
tion materials were written at a sixth-grade level in Spanish 
or English depending upon participant preference. Trained 
bicultural and bilingual health interviewers, blinded to the 
intervention arm, conducted assessments at baseline and at 
6 weeks, 6 months, and 12 months postpartum.

Fig. 1.  Participant flow diagram; Estudio PARTO, 2013–2017.
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Lifestyle Intervention

The lifestyle intervention was designed by utilizing con-
structs from both the social cognitive theory [36] and the 
transtheoretical model [37] and took into account social, 
cultural, economic, and environmental resources and 
challenges relevant to Latina women [38, 39]. During the 
introductory phase, the goal of the lifestyle intervention 
was to optimize gestational weight gain for the remaining 
pregnancy period. In the active phase of the lifestyle 
intervention, the target was to achieve postpartum 
weight goals. Specifically, the health educator focused 
on a weekly weight loss goal of 1–2 pounds per week 
via increasing physical activity by 10% every week and 
healthy diets taking into account breastfeeding status.

To promote behavioral change, the health educa-
tors used motivational interviewing to identify and 
strengthen the participants’ motivation for change and 
increase knowledge and attitudes toward weight man-
agement during and after pregnancy and Type 2 diabetes 
prevention. In addition, health educators helped parti-
cipants establish individual goals. Telephone booster 
calls involved the review of progress toward previous 
weight loss goals, problem-solving for challenges faced 
in achieving these goals, and the setting of new goals.

Health and Wellness Intervention

The health and wellness intervention served as the com-
parison arm. Participants randomized to this arm re-
ceived the same number of in-person sessions, telephone 
calls, and mailings at the same time points as the lifestyle 
arm. However, this information consisted of general 
information available to the public from the American 
College of Obstetrician and Gynecologist (ACOG) and 
the American Academy of Pediatrics and did not target 
weight loss, exercise, or diet. In this manner, we con-
trolled for contact time while keeping the content of the 
two interventions distinct.

Sleep Outcomes

The Pittsburgh Sleep Quality Index (PSQI) was used to 
measure habitual sleep and assess sleep habits and dif-
ficulties over the past month. Participants completed 
the PSQI at baseline, 6 weeks, 6 months, and 12 months 
postpartum. The PSQI is a commonly used questionnaire 
that has high sensitivity (89.6%) and specificity (86.5%) 
at distinguishing between good and poor sleepers [40]. 
Prior research demonstrated that the Spanish-language 
version of the PSQI has good construct validity [41].

The PSQI assesses seven components of sleep (i.e., 
subjective sleep quality, sleep latency, sleep duration, 

habitual sleep efficiency, sleep disturbances, use of 
sleeping medications, and daytime dysfunction over the 
last month), each scored on a scale of 0 to 3. Overall sleep 
quality is the sum of all components (possible range of 
0–21), with higher scores indicating worse sleep quality. 
Sleep onset latency was assessed by asking women, “How 
long (minutes) has it taken you to fall asleep each night?” 
Sleep duration was assessed by asking women, “How 
many hours of actual sleep did you get at night?” during 
the past month. Sleep efficiency is defined as the per-
centage of time spent in bed asleep. We calculated time 
in bed by taking the difference in reported bedtime and 
wake time. We then divided the self-reported actual sleep 
time by the time in bed. Daytime dysfunction was cal-
culated as the sum of two questions, both scored on a 
scale of 0–3, which asks about the frequency of trouble 
staying awake while driving, eating meals, or engaging in 
social activity and problems maintaining enthusiasm for 
getting things done.

Descriptive Characteristics

Demographic and behavioral characteristics were col-
lected at the time of recruitment via standardized ques-
tionnaires. Sociodemographic characteristics included 
age, education, marital status, annual household in-
come, living situation (e.g., with a spouse or partner), 
and the number of adults and children in the house-
hold. Information on prepregnancy and pregnancy cig-
arette smoking was collected using questions from the 
Pregnancy Risk Assessment Monitoring System [42]. 
Acculturation was assessed with the Psychological 
Acculturation Scale (PAS) [43]. PAS scores between 1 
and <3 were categorized as low acculturation and scores 
3 or greater were categorized as high acculturation.

The Perceived Stress Scale [44] is a 14-item scale 
used to assess how often participants experienced 
stress in the past month; scores range from 0 to 56, 
with higher scores indicating more perceived stress. 
The Edinburgh Postnatal Depression Scale was used to 
measure depression symptoms [45]. Scores range from 
0 to 30, with higher scores indicating more depressive 
symptoms; probable minor depression was defined as 
a score ≥13 [45].

The Pregnancy Physical Activity Questionnaire 
(PPAQ) is a semiquantitative instrument, previously val-
idated in this study population [46]. The PPAQ measures 
the duration and intensity of self-reported physical activ-
ities in the past month within several domains of activity 
(i.e., household/caregiving, occupational, transporta-
tion, and sports/exercise). The number of minutes spent 
in each reported activity was multiplied by its metabolic 
equivalent of task (MET) level and summed to arrive at 
an estimate of average weekly MET hours per week in 
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each domain. Meeting ACOG guidelines for physical ac-
tivity was defined as reporting at least 7.5 MET hours/
week of sports/exercise-related activities.

Clinical characteristics of the pregnancy were ab-
stracted from the medical record and included height, 
prepregnancy weight, parity, and gestational weight 
gain. Gestational weight gain was classified as below, 
within, or above recommendations based on the Institute 
of Medicine guidelines [25].

Statistical Analysis

SAS version 9.4 (SAS Institute Inc.) was used for all stat-
istical analyses. All analyses were considered statistically 
significant at an alpha <0.05.

Two-sample t-tests, Fisher exact probability tests, and 
chi-square tests were used to explore differences in char-
acteristics between intervention arms at baseline. Within-
arm differences in mean changes from baseline (late 
pregnancy) to 6 weeks, 6 months, and 1 year postpartum, 
respectively, were assessed with paired t-tests.

We used an intent-to-treat analysis to evaluate the im-
pact of the lifestyle intervention on postpartum sleep 
outcomes compared to the health and wellness com-
parison arm. Specifically, linear mixed models were used 
to evaluate differences in the changes from baseline in 
sleep outcomes during the first year postpartum between 
the intervention arms. These models accounted for the 
repeated measures of sleep with random subject effects 
with fixed effects for intervention arm and assessment 
time. The interaction between intervention arm and as-
sessment time was assessed to determine whether there 
was evidence of heterogeneity in the intervention dif-
ferences between the two follow-up assessment times (6 
and 12 months); a nonsignificant finding (p > .10) was 
prespecified to justify dropping the interaction term 
from the model [47]. We calculated Hedges’ g to estimate 
the effect size of the intervention.

We then conducted several sensitivity analyses. We 
limited the analysis to women in the lifestyle intervention 
arm who were adherent with the intervention defined as: 
(a) meeting the ACOG guidelines for postpartum exer-
cise and (b) returning ≥1 tailoring questionnaire during 
the postpartum period. We repeated the analysis limiting 
the sample to those with prepregnancy overweight or 
obesity as some prior studies have found that the effect-
iveness of interventions differs according to this charac-
teristic. Finally, we compared those missing all sleep data 
to those with sleep data at any time point.

PARTO included a number of outcome variables, 
including postpartum weight loss, biomarkers of insulin 
resistance, and cardiovascular risk factors. The sample 
size was selected to ensure that there was adequate power 
across all outcome variables. Specifically, assuming a 
standard deviation of 4.5 kg for weight loss [48], a study 

of 102 women (randomly assigned to two groups) had 
99% power at the 5% significance level to detect a dif-
ferential 5% weight loss between groups (equivalent to 
4  kg), assuming a mean baseline weight of 80  kg and 
allowing for a 33% dropout rate. A 5% weight loss was 
selected given its association with clinically meaningful 
health benefits [49].

Results

A total of 585 participants were approached and screened 
for eligibility (Fig. 1). Of these, 263 women met the eli-
gibility criteria and were enrolled in the study. Fifty-nine 
were subsequently excluded prior to randomization be-
cause: (a) they were no longer interested (n = 25), (b) >37 
weeks gestation (n  =  26), or (c) developed other med-
ical contraindications (n = 8). The remaining 204 women 
were randomized to the lifestyle intervention (n = 100) 
or to the health and wellness intervention (n = 104). Of 
these women, 56 chose not to participate in the study 
after delivery and were excluded due to missing sleep 
data at all three postpartum time points. Therefore, the 
final sample included 148 women: lifestyle intervention 
(n = 70) and health and wellness intervention (n = 78). 
There were no statistically significant differences in 
demographic, behavioral, or psychosocial characteris-
tics of women with or without data on change in sleep 
outcomes.

Among participants in the final sample, there were no 
differences in any demographic, behavioral, or psycho-
social characteristics between intervention arms at base-
line (Table 1). The overall mean age of the sample was 
27.8 ± 5.7 years and nearly 80% of the sample was over-
weight or obese prepregnancy. The majority of partici-
pants were not married but lived with a partner. Nearly 
90% of participants had two or more adults in the house-
hold. Few participants reported currently smoking cigar-
ettes or meeting ACOG guidelines for physical activity.

The intervention arms had similar sleep character-
istics at baseline (Table 2). Both interventions arms re-
ported changes in sleep characteristics from baseline to 
each follow-up assessment (Fig. 2; Table 1). At 6 weeks 
postpartum, sleep onset latency and sleep duration de-
creased in both arms. Daytime dysfunction decreased 
in the lifestyle arm only (mean change  =  −0.45, 95% 
CI  =  −0.83 to −0.07) and sleep efficiency decreased 
(mean change = 6.07%, 95% CI = 11.28 to −0.86) in the 
health and wellness arm only. There were no statistically 
significant changes in sleep quality in either arm.

At 6 months postpartum, compared to baseline, sleep 
quality increased in the lifestyle arm (mean change = −1.60 
PSQI global score, 95% CI  =  −2.82 to −0.38) but not 
in the health and wellness arm (mean change  =  −0.63 
PSQI global score, 95% CI  =  −1.77 to −0.52; Table 3).  
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Table 1.  Distribution of participant characteristics according to intervention arm; Estudio PARTO, 2013–2017

Total sample 
(N = 148)

Lifestyle 
intervention 
(N = 70)

Health and wellness 
intervention (N = 78)

n % n % n % p valuea

Sociodemographic characteristics

  Age, years

    16–19 11 7.4 4 5.7 7 9.0 .22

    20–24 32 21.6 11 15.7 21 26.9  

    25–29 55 37.2 29 41.4 26 33.3  

    30–34 28 18.9 17 24.3 11 14.1  

    35–45 22 14.9 9 12.9 13 16.7  

  Number of children in the household

    0 30 20.3 15 21.4 15 19.2 .80

    1 61 41.2 30 42.9 31 39.7  

    2 31 20.9 15 21.4 16 20.5  

    3+ 26 17.6 10 14.3 16 20.5  

  Number of adults in the household

    1 18 12.2 11 15.7 7 9.0 .45

    2 92 62.2 42 60.0 50 64.1  

    3+ 38 25.7 17 24.3 21 26.9  

  Married

    No 105 70.9 47 67.1 58 74.4 .33

    Yes 43 29.1 23 32.9 20 25.6  

  Living with a partner

    No 38 25.7 22 31.4 16 20.5 .14

    Yes 109 73.6 48 68.6 61 78.2  

  Education status

    Less than high school 34 23.0 13 18.6 21 26.9 .47

    High school graduate or GED 45 30.4 22 31.4 23 29.5  

    Post high school 69 46.6 35 50.0 34 43.6  

    Language preference

    English 108 73.0 51 72.9 57 73.1 .98

    Spanish 40 27.0 18 27.1 21 26.9  

  Generations in the USA

    Born outside continental USA 66 44.6 34 48.6 32 41.0 .17

    Parent born outside continental USA 53 35.8 20 28.6 33 42.3  

    Grandparent outside continental USA 19 12.8 12 17.1 7 9.0  

    All grandparents born in continental USA 9 6.1 3 4.3 6 7.7  

  Acculturation level

    Low (1 to <3) 111 75.0 55 78.6 56 71.8 .34

    High (≥3) 37 25.0 15 21.4 22 28.2  

Clinical characteristics

  Prepregnancy body mass index, kg/m2

    <25 33 22.3 14 20.0 19 24.4 .70

    25 to <30 44 29.7 20 28.6 24 30.8  

    ≥30 71 48.0 36 51.4 35 44.9  

  Parity

    0 41 27.7 23 32.9 18 23.1 .37

    1 to 2 82 55.4 37 52.9 45 57.7  

    3+ 25 16.9 10 14.3 15 19.2  
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Sleep onset latency, sleep duration, and daytime dysfunc-
tion decreased in both arms. There were no statistically 
significant changes in sleep efficiency in either arm.

At 12  months postpartum, compared to baseline, 
sleep quality (mean change = −1.91 PSQI Global Score, 
95% CI  =  −3.53 to −0.26) and sleep efficiency (mean 
change = 8.22%, 95% CI = 1.06 to 15.38) increased and 
daytime dysfunction decreased (mean  =  −0.82, 95% 

CI = −1.27 to −0.39) in the lifestyle intervention but not the 
health and wellness arm. Sleep duration decreased in the 
health and wellness (mean change = −0.44 hrs/night, 95% 
CI = −1.03 to 0.14) but not the lifestyle intervention arm.

Next, we used linear mixed models to compare dif-
ferences in change between the intervention arms  
(Table 4). We observed no statistically significant 
arm by time interactions for any sleep outcome (all  

Table 2.  Baseline sleep characteristics according to intervention arm; Estudio PARTO 2013–2017

Total sample 
(N = 148)

Lifestyle intervention  
(N = 70)

Health and wellness  
intervention (N = 78)

 

Mean SD Mean SD Mean SD p valuea

PSQI score 6.56 3.87 6.90 4.09 6.25 3.67 .32

Sleep onset latency 29.9 38.9 32.3 42.8 27.7 35.1 .48

Sleep duration 6.84 1.75 6.60 1.58 7.05 1.87 .12

Sleep efficiency 79.7 18.1 79.7 18.6 79.7 17.8 .98

Daytime dysfunction 1.26 1.48 1.31 1.47 1.22 1.50 .69

PSQI Pittsburgh Sleep Quality Index; SD standard deviation. 
ap value from two-sample t-test.

Total sample 
(N = 148)

Lifestyle 
intervention 
(N = 70)

Health and wellness 
intervention (N = 78)

n % n % n % p valuea

  Adherence with IOM guidelines for gestational weight gain

    Within guidelines 32 21.6 15 21.4 17 21.8 .99

    Below guidelines 29 19.6 14 20.0 15 19.2  

    Above guidelines 84 56.8 40 57.1 44 56.4  

Behavioral characteristics

  Prepregnancy smoking

    None 108 73.0 49 71.0 59 75.6 .44

    ≤10 cigarettes/day 40 27.0 21 30.4 19 24.4  

  Pregnancy smoking

    None 138 93.2 64 92.8 74 94.9 .52

    ≤10 cigarettes/day 10 6.8 6 8.7 4 5.1  

  Met ACOG physical activity guidelines

    No 97 65.5 44 63.8 53 67.9 .52

    Yes 51 34.5 26 37.7 25 32.1  

  Sports/exercise, MET hr/weekb 3.8 9.6 3.1 9.3 4.0 9.6 .51

Psychosocial characteristics

  Perceived stressa 20.4 8.1 20.4 9.6 20.3 7.2 .96

  Probable minor depression 6.0 9.0 5.5 9.0 6.0 8.0 .72

    No 129 87.2 61 87.1 68 87.2 .71

    Yes 12 8.1 5 7.1 7 9.0  

ACOG American College of Obstetricians and Gynecologists; IOM Institute of Medicine; MET metabolic equivalent of task.
ap value for generation in the USA is from a Fisher’s Exact Test; p values from all other categorical variables are from chi-square test.

Table 1.  Continued
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p > .10). After removing interaction terms, there was a 
statistically significant greater improvement over time in 
sleep quality in the lifestyle versus health and wellness 
arm (−1.29 PSQI global score, 95% CI = −2.50 to −0.08, 
p =  .04). There was also a suggestion of a smaller de-
crease over time in sleep duration in the lifestyle versus 

health and wellness arm (0.48 hr/night, 95% CI = −0.10 
to 1.06, p = .10). We did not observe statistically signifi-
cant intervention effects for any other sleep outcome.

We then conducted several sensitivity analyses. Findings 
were attenuated and no longer statistically significant after 
limiting the analysis to women who were adherent to the life-
style intervention defined as meeting the ACOG guidelines 
for sports/exercise at any postpartum time point (44.3%) 
or after limiting the analysis to participants in either inter-
vention arm who returned one or more tailoring question-
naires during the postpartum period (73% in the lifestyle 
arm and 83% in the health and wellness arm). When we re-
peated the main analysis among women with prepregnancy 
overweight or obesity (80% in the lifestyle arm, and 76% 
in the health and wellness arm), findings were also attenu-
ated and no longer statistically significant. Finally, women 
missing sleep data did not differ from those in the final 
sample according to any of the sociodemographic, behav-
ioral, or clinical variables (p > .05).

Discussion

In this randomized controlled trial of a culturally and 
linguistically modified, individually tailored lifestyle 
(i.e., diet, exercise, and weight loss) among postpartum 
Latina women, we found that the lifestyle intervention 
had small but statistically significant positive effects on 
sleep quality compared to the health and wellness com-
parison intervention during the 12  month postpartum 
period. The lifestyle intervention did not have a statis-
tically significant effect on sleep duration, sleep onset la-
tency, sleep efficiency, or daytime dysfunction compared 
to the health and wellness intervention.

The results of  the current study are similar to the 
two prior lifestyle-based interventions that assessed 
sleep outcomes during the postpartum period [16]. 
For example, Ashrafinia et  al. examined the effect 
of  an 8 week home-based Pilates intervention versus 
education comparison arm on sleep outcomes (PSQI 
global score) among 40 primigravida Iranian women 
approximately 1 week postpartum [16, 17]. The Pilates 
intervention improved sleep quality (PSQI at base-
line = 9.97 ± 2.21 vs. postintervention = 5.45 ± 1.51) 
compared to the comparison arm (PSQI at base-
line = 10.40 ± 2.68 vs. postintervention = 8.35 ± 1.83) 
at approximately 2  months postpartum. The inter-
vention arm also experienced statistically significant 
improvements in sleep duration, sleep efficiency, and 
daytime dysfunction compared to the comparison arm. 
There were no differences in change in sleep onset la-
tency or sleep disturbances between the intervention 
arms. Similarly, Yang et al. examined the effects of  12 
week aerobic exercise or usual care comparison arm on 

Fig. 2.  Within-group changes in sleep outcomes from baseline to 
each follow-up assessment
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sleep quality (Postpartum Sleep Quality Scale) among 
140 Taiwanese women at 6 weeks postpartum [17]. 
There was a suggestion that the intervention (vs. usual 
care control) led to the reduction in physical symptoms 
related to sleep efficiency at approximately 12 weeks 
postpartum (p = .06), but there was no corresponding 
improvement in daytime dysfunction. Differences 
in findings could be due to differences in the param-
eterization of  sleep as well as differences in the study 
population.

While we observed positive effects on sleep quality, the 
lifestyle intervention did not have a statistically signifi-
cant effect on sleep duration, sleep onset latency, sleep ef-
ficiency, or daytime dysfunction. Reasons for this could 
be due to measurement error in self-reported estimates of 
these constructs. The cognitive burden required to esti-
mate how long it takes to fall asleep (sleep onset latency) 
and actual sleep time relative to total time in bed (sleep 
efficiency) is high and may reduce the precision in self-
reported estimates [50]. Nondifferential misclassification 
of self-reported sleep measures would decrease the ab-
solute difference in outcomes between the intervention 
arms [51]. The low rates of daytime dysfunction could 
also contribute to a lack of observed intervention effect. 
Specifically, the overall mean score for daytime dysfunc-
tion was 1.26 (possible score from 0 to 6), which indicates 
that participants were, on average, experiencing daytime 
dysfunction less than once per week. Given the relatively 
low burden of daytime dysfunction in this population, 
the lack of a statistically significant improvement in this 
construct is not unexpected.

Our study had several limitations. First, the study was 
limited by reliance on self-reported measures of sleep. 
However, the PSQI is one of the most widely used meas-
ures of self-reported sleep quality, which allows our find-
ings to be compared to other studies [40]. Second, after 
delivery, the pressures of caring for a new baby dom-
inate the early postpartum period and fatigue, work-
related obstacles, and lack of time and motivation can 
be major barriers to engagement [29]. Consistent with 
these barriers, follow-up data on sleep outcomes were 
not available in 25%–30% of our sample who chose not 
to participate in the study after delivery, which, there-
fore, reduced the power to detect differences in change 
between groups. However, there were no statistically sig-
nificant differences in demographic or behavioral char-
acteristics of women with and without missing follow-up 
data on sleep outcomes. Additionally, linear mixed 
models can produce unbiased estimates when assuming 
data are missing at random.

Over the course of follow-up, we found that 72.7%–
82.3% of women were adherent to the intervention in 
that they returned tailoring questionnaires, and 44.3% of 
women in the lifestyle intervention met ACOG recom-
mendations for postpartum sports/exercise. Low levels T
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of adherence during the postpartum period may be due 
to the fact that women with glucose intolerance in preg-
nancy do not perceive themselves as being at high risk for 
diabetes after delivery [52].

We did not collect information on physical symp-
toms (e.g., pain) and infant characteristics (e.g., 
feeding habits, nocturnal sleep duration, or sleep lo-
cation), which are two of  the strongest predictors of 
sleep quality postpartum [12]. However, the advantage 
of  a randomized trial is that, when effective, it ran-
domizes both known and unknown preintervention 
factors. Indeed, we did not observe baseline differ-
ences between study arms in parity or the number of 
children in the household. Therefore, it is likely that 
infant sleep would also be similarly randomized but, 
to the extent that it was not, it may have confounded 
our findings. Finally, we did not collect information on 
the participant’s specific country of  origin. However, 
based on U.S. census data in Springfield, MA, the ma-
jority of  women were primarily of  Puerto Rican an-
cestry. Therefore, our results are likely generalizable 
to postpartum women of  Puerto Rican ancestry with 
glucose intolerance in pregnancy.

Our study has several notable strengths. First, prior 
studies among postpartum women were conducted in pre-
dominantly healthy non-Latinas. In the current sample, 
women were Latina, of low socioeconomic status, and at 
risk for developing Type 2 diabetes postpartum. Latina 
women with low socioeconomic status experience several 
barriers to engaging in lifestyle interventions (e.g., health 
literacy and language barriers). Indeed, Gubrium et al. 
described the facilitators and barriers to implementing 
the current lifestyle intervention in the study popula-
tion [29]. The health educators reported that the most 
important enablers of the intervention were its dur-
ation and flexibility, allowing time for health educators 
to build relationships with participants, serve as health 
advocates, and adapt the intervention to participants’ 
needs. They felt that their shared cultural background 
with the participants was critical to the success of the 
intervention. The health educators recommended that 

future interventions consider strategies for dealing with 
stress related to food insecurity, low health literacy (e.g., 
more basic information on healthy eating), challenges of 
recent immigrants, and engaging family members.

Another advantage to our intervention is that parti-
cipants performed self-selected activities. Self-selected 
activities are likely more sustainable over time than pre-
scribing structured exercises. The use of a high-reach, 
low-cost design strategy may facilitate the translation of 
such interventions into clinical practice in underserved 
and minority populations [29].

In conclusion, we found that a lifestyle intervention 
that addressed diet and exercise was an effective, low-cost, 
and translatable approach to improving sleep quality in 
postpartum Latina women. These findings add to the 
sparse body of prior lifestyle interventions aimed at 
improving sleep among postpartum populations. Our find-
ings are significant in demonstrating that a lifestyle inter-
vention can be impactful on sleep during the postpartum 
period despite the unique barriers to making lifestyle 
changes and improving sleep, which are characteristic of 
this time period. Sleep provides broad benefits to mental 
(e.g., emotional regulation and mood) and physical (e.g., 
weight retention) health. Therefore, postpartum interven-
tions that address sleep have the potential to impact ma-
ternal health during this critical period [1, 2].
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