
 1Vézina-Im L-A, et al. BMJ Open 2017;7:e016592. doi:10.1136/bmjopen-2017-016592

Open Access 

AbstrAct
Introduction Sleep is important to promote optimal 
health and avoid negative health outcomes. Short-duration 
and low-quality sleep may be more common and more 
detrimental among women compared with men. Identifying 
the determinants of behaviour is one of the first steps in 
designing effective interventions. To our knowledge, no 
systematic review has identified the individual, social and 
environmental determinants of sleep among adult women.
Methods and analysis Studies reporting data on adult 
women from 18 to 64 years of age will be included. On 
the basis of ecological models of health behaviour and 
sleep, the types of determinants that will be included in 
the review are individual (eg, demographic, psychological 
and behavioural), social (eg, family) and environmental 
(eg, physical environment and policies) determinants. 
Observational (cross-sectional and longitudinal) and 
experimental studies will be included. MEDLINE/PubMed, 
PsycINFO, CINAHL, EMBASE and Proquest Dissertations 
and Theses will be investigated. Data will be extracted 
independently by two reviewers using a standardised data 
extraction form. The quality of observational studies will 
be assessed using the National Institute of Health Quality 
Assessment Tool for Observational Cohort and Cross-
Sectional Studies and the quality of experimental studies 
will be assessed using the Effective Public Health Practice 
Project Quality Assessment Tool for Quantitative Study. If 
there is a sufficient number of studies reporting data on 
a similar determinant among a similar population (k>5), 
a meta-analysis of the results will be performed with a 
random-effects model. If between-study heterogeneity is 
high (I2 ≥75%), it will be investigated through sensitivity 
analyses and meta-regression.
Ethics and dissemination Formal ethical approval is not 
required as no primary data will be collected. The results 
will be published in a peer-reviewed journal. This review will 
provide valuable information to those interested in developing 
empirically based sleep interventions among women.
PROSPERO registration number CRD42017056894.

IntroductIon
Sleep is important to promote optimal 
health and avoid negative health outcomes. 
When investigating sleep’s association with 
health, two aspects are the most important: 

duration and quality of sleep.1 A recent 
systematic review/meta-analysis indicated 
that short sleep was significantly associated 
with obesity (risk ratio (RR)=1.38; 95% confi-
dence interval (CI) 1.25 to 1.53), diabetes 
mellitus (RR=1.37; 95% CI 1.22 to 1.53), 
coronary heart diseases (RR=1.26; 95% CI 
1.15 to 1.38), hypertension (RR=1.17; 
95% CI 1.09 to 1.26), cardiovascular diseases 
(RR=1.16; 95% CI 1.10 to 1.23) and mortality 
(RR=1.12; 95% CI 1.08 to 1.16).2 Two recent 
systematic reviews/meta-analyses indicated 
that poor sleep quality was associated with 
increased haemoglobin A1c (weighted mean 
difference: 0.35%; 95% CI 0.12 to 0.58)3 in 
adults diagnosed with type 2 diabetes (T2D) 
and with overweight/obesity in young people 
(ie, children, adolescents and young adults) 
(OR=1.46; 95% CI 1.24 to 1.72).4

Strengths and limitations of this study

 ► To our knowledge, no previous review has 
identified the individual, social and environmental 
determinants of sleep among women.

 ► Investigating simultaneously the individual, social 
and environmental determinants of women’s sleep 
will allow us to ascertain which determinants 
contribute the most to adequate sleep in women and 
provide a more comprehensive picture of factors 
that affect women’s sleep.

 ► This review will also provide information on whether 
the determinants of sleep differ according to age 
(eg, childbearing-age vs older women), pregnancy 
status (pregnant or not) and ethnicity to inform the 
development of interventions to promote maternal, 
foetal and child health in various populations.

 ► Since the investigation of determinants of sleep is a 
rather new field, the number of studies to include in 
the review might be low.

 ► The low number of studies and significant 
heterogeneity between studies might preclude 
performing meta-analyses of the results.
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Few studies have assessed whether gender modifies 
the association between sleep and health outcomes in 
adults. In a study with a 10-year follow-up, non-preg-
nant women under 40 years of age whose sleep duration 
decreased from adequate to short were at risk for weight 
gain (OR=1.85; 95% CI 1.14 to 3.02) and higher waist 
circumference (OR=1.84; 95% CI 1.20 to 2.81).5 A 
recent meta-regression indicated that short sleep dura-
tion (<7 hours/night) was significantly associated with 
all-cause mortality in women, but not in men.6 National 
data from the USA revealed women were more likely than 
men to frequently have trouble falling and staying asleep 
and to wake up feeling unrested,7 and that being female 
was associated with insufficient sleep.8 Among patients 
with T2D, female gender (OR=1.72) was one of the stron-
gest predictors of any sleep symptom (eg, difficulty falling 
asleep, daytime sleepiness and difficulty staying awake).9 
Hormonal factors, such as menstrual cycle, pregnancy 
and menopause, could contribute to poor sleep quality 
among women.10 11 This all suggests that short-duration 
and low-quality sleep may be more common and more 
detrimental among women of all ages. Another demo-
graphic variable associated with sleep is ethnicity, with 
recent reviews reporting that inadequate sleep duration 
and poorer sleep were more prevalent among low-income 
and ethnic minorities in the USA.12 13

Pregnant women and those of childbearing age (18 to 
44 years) are an important target for interventions aimed 
at improving sleep since their behaviour can impact their 
own and their child’s health.14 Among pregnant women, 
short sleep duration during pregnancy was linked to 
increased risk for gestational hyperglycaemia15 and gesta-
tional diabetes mellitus.16 Maternal short sleep duration 
in the first year postpartum was associated with higher 
adiposity at 3 years postpartum.17 National data from the 
USA revealed that diagnosed sleep disorders, report of 
having trouble sleeping and very short sleep (≤5 hours/
night) or short sleep (6 hours/night) were more common 
among childbearing-age women compared with preg-
nant women.18 These data suggest the need to design 
interventions to promote sleep among pregnant and 
childbearing age women.

Intervention Mapping19 and the Behaviour Change 
Wheel20 are comprehensive, empirically based approaches 
to designing health promotion interventions. Both 
recommend identifying the determinants of behaviour 
to understand what needs to be changed (ie, interven-
tion targets) as the first step in developing an effective 
health promotion intervention. Ecological models of 
health behaviour can be used to guide the search for 
determinants. Ecological models recognise multiple 
levels of influence (or determinants) on specific health 
behaviours, such as intrapersonal (biological, psycho-
logical), interpersonal (social, cultural), organisational, 
community, physical environment and public policy.21 
Interventions based on ecological models of health 
behaviour should target specific behaviours and their 
multiple levels of influence.21 Recently, socioecological 

models of determinants of sleep among adults have 
been proposed. In an initial review, the following termi-
nology was employed to classify influences on sleep in 
adults: microsystem (eg, demographics), mesosystem (eg, 
family) and macrosystem (eg, physical environment).1 In 
a subsequent review, the same author used the following 
terms to define the levels of influence on sleep in adults: 
individual (eg, genetics), social (eg, home) and societal 
levels (eg, public policy).13 In another review, determi-
nants of sleep in adults were classified as proximal factors 
(eg, demographics), intermediate factors (eg, social 
relationships) and distal factors (eg, social conditions 
and policies).12 Although different terms were used to 
classify the determinants of sleep in adults, a consensus 
appears to have formed around three levels of influence 
on sleep: individual (eg, demographic, psychological and 
behavioural), social (eg, family) and environmental (eg, 
physical environment and policies) determinants.

A previous review on the social and environmental 
determinants of sleep among children, adolescents and 
adults identified living in a disadvantaged neighbour-
hood, screen use, bedroom environment and family 
factors, such as maternal depression, marital status, 
family conflict and parental financial problems, as factors 
that can contribute to poor sleep in those populations.22 
This review, however, did not look at the behavioural 
determinants of sleep (eg, caffeine consumption), did 
not distinguish between sleep duration and quality, and 
did not focus specifically on women. Finally, the little 
evidence available on the topic of gender differences in 
the determinants of sleep indicates that they vary between 
men and women,23 24 suggesting the need to investigate 
these sexes separately.

In sum, short and poor sleep can be associated with 
diverse negative health conditions, especially among 
women. Before interventions can be successfully designed 
or implemented, the determinants of sleep in this specific 
population must be identified. To our knowledge, no 
previous review has identified the individual, social and 
environmental determinants of sleep among women; 
verified if the determinants are different in pregnant and 
childbearing age women compared with other women; or 
examined ethnic differences among women. The present 
systematic review will answer the following questions:

 ► What are the individual, social and environmental 
determinants of sleep duration and sleep quality in 
women?

 ► Which determinants are most strongly related to 
adequate sleep in women?

 ► Do the determinants of sleep vary according to 
demographic characteristics, such as age (eg, 
childbearing-age vs older women), pregnancy status 
(pregnant or not) or ethnicity?

Methods and analysIs
The study protocol was registered in PROSPERO (www. 
crd. york. ac. uk/ PROSPERO/) in February 2016 (no. 
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Figure 1 Ecological model of determinants of sleep among 
women.

CRD42017056894). This protocol follows the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P) checklist25 (see online supplemen-
tary file 1 for the completed checklist). Any amendments 
to the protocol will be tracked and dated in PROSPERO.

study eligibility criteria
Population
Only studies reporting data on adult women from 18 to 64 
years of age will be included. This age range was selected 
given that the sleep duration recommendation from the 
US National Sleep Foundation is the same across this age 
range: from 7 to 9 hours per night.26 Studies on special 
populations, such as pregnant women, and women with 
health problems (eg, breast cancer) or sleep disorders 
(eg, apnoea) will also be included, but they will be treated 
separately in the analyses. If a study reports data on men 
and women separately, only the data on women will be 
included and analysed. In instances where the determi-
nants of sleep in adults are not separated by gender, the 
authors of the articles will be personally contacted to 
verify whether they can provide the data on determinants 
pertaining only to women.

Determinants
Determinants are ‘factors thought to be associated with 
an outcome of interest’.27 While cross-sectional studies 
cannot establish directionality of association or causality 
between a determinant and the outcome of interest,28 
they may identify possible determinants, and thereby 
will be included in this review, but treated separately 
in the analyses. The types of determinants that will be 
included are individual (eg, demographic, such as age, 
pregnancy status and ethnicity; psychological, such as 
stress and depression; and behavioural, such as caffeine 
consumption), social (eg, family, such as marital conflict 
and social support) and environmental (eg, physical 
environment, such as the bedroom environment and 
neighbourhood characteristics; and policies, such as 
offices with flexible work hours policies) determinants 
(see figure 1). This list of individual, social and envi-
ronmental determinants of sleep among women is not 
exhaustive. Additional determinants of sleep will be 
included and classified at one of those three levels when 
we conduct the systematic review. This classification of 
determinants is based on ecological models of health 
behaviour21 and recent socioecological models of deter-
minants of sleep in adults.1 12 13

Outcome
The outcomes will be sleep duration (in minutes or hours), 
either self-reported or measured objectively (eg, by wrist 
actigraphy or total sleep time by polysomnography), and 
sleep quality, either self-reported (eg, Pittsburgh Sleep 
Quality Index29) or measured objectively (eg, number 
of awakenings at night measured by wrist actigraphy or 
wakefulness after sleep onset, rapid eye movement and 
stage sleep by polysomnography).

Study designs
Observational epidemiological studies—either cross- 
sectional (eg, surveys) or longitudinal (eg, cohort 
studies)—and experimental (quasi-experimental and 
randomised controlled trials) studies that assess the 
association among individual, social and environmental 
variables with sleep will be included.

search strategy
The following databases will be investigated: MEDLINE/
PubMed (1946+), PsycINFO (1887+), CINAHL (1937+) 
and EMBASE (1980+). Proquest Dissertations and Theses 
(1861+) will also be investigated for unpublished trials (a 
form of grey literature). There will be no restriction on the 
year nor the country of publication of the articles. In each 
database, the search strategy will include terms related to 
two major themes: sleep and women (see table 1 for the 
complete search strategy for MEDLINE/PubMed). No 
term related to determinants will be included as a prelim-
inary search revealed that it was too restrictive. Other 
terms like correlates and predictors were too broad. Only 
studies written in English or French will be included. The 
results of the search strategy will be reported in a PRISMA 
flow chart.30

study selection and data extraction
First, all the articles retrieved from the search strategy 
will be screened for possible duplicates. Second, clearly 
irrelevant articles will be excluded according to their title 
and abstract. The remaining articles will be fully retrieved 
(full text) and two authors will independently assess them 
for eligibility. We will also verify if some studies report 
the same results based on the same sample. In those 
instances, we will only select the study with the best meth-
odological qualities (eg, longitudinal vs cross-sectional 
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Table 1 Complete search strategy for MEDLINE/PubMed

Name of the database (range of dates) MEDLINE/PubMed (1950+)

Dates of the search

Initials of the person who will run the search LAVI

Search terms/MeSH (‘sleep’[Title])
AND
(‘women’[Title/Abstract]) OR (‘female’[Title/Abstract])

Limits Species: humans
Languages: English, French

No of hits

study) and that reports the most information (eg, all the 
determinants vs a selection of determinants of sleep or 
univariate vs multivariate analyses) to avoid duplication 
of results and attributing more weight to these studies in 
the meta-analysis of the results.

Data will be extracted independently by two reviewers 
using a standardised data extraction form that will previ-
ously be pilot tested with five randomly selected articles. 
The quality of observational epidemiological studies will 
be assessed using the National Institute of Health (NIH) 
Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies.31 The quality of experimental 
studies will be assessed using the Effective Public Health 
Practice Project (EPHPP) Quality Assessment Tool for 
Quantitative Study.32 This tool is recommended by the 
Cochrane Collaboration33 and can be used for different 
kinds of quantitative study designs (eg, randomised 
controlled trials and quasi-experimental studies). Types 
of determinants of sleep will be classified as individual, 
social or environmental determinants based on ecolog-
ical models of health behaviour21 and socioecological 
models of determinants of sleep in adults.1 12 13 Disagree-
ments at each step will be resolved by discussion. When 
no consensus is reached, a third reviewer will resolve the 
discrepancy.

data synthesis and analyses
The results of the studies included in the systematic review 
will be reported descriptively in a summary table, which 
will present information on the objective of the study, the 
population targeted, the study design and the quality of 
the study according to the NIH or the EPHPP tool, the 
characteristics of the sample, the behavioural measure, 
the covariates used in the statistical analyses and the 
results on sleep duration and/or quality. The results on 
sleep duration and/or quality will be reported in effect 
sizes, such as OR for dichotomous outcomes (eg, short vs 
adequate sleep) or standardised mean differences (SMD) 
for continuous outcomes (eg, sleep duration in hours). 
All effect sizes will be zero order (ie, no covariates will be 
included in the computation of the effect size). The ORs 
will be converted to Cohen’s d34 to facilitate interpreta-
tion and allow comparison with other SMD and standard 
effect sizes reported in other studies. A Cohen’s d of 0.20 

is considered a small effect size, 0.50 a medium effect size 
and 0.80 a large effect size.34

If we have a sufficient number of studies reporting data 
on a similar determinant among a similar population 
(k>5),35 a meta-analysis of the results will be performed 
with a random-effects model. Random effects will be used 
because we expect the magnitude of the effect sizes will 
vary across studies given the differences in samples and 
determinants across studies.36 Each study will be weighted 
according to its sample size when we compute the pooled 
effect sizes. Between-study heterogeneity will be verified 
using Cochran's Q37 and the I2 statistic38 as measures of 
the percentage of total variation in estimated effects that 
is due to heterogeneity rather than chance.39 A significant 
Q statistic (p<0.05) indicates significant heterogeneity 
between the studies while an I2 statistic of 25% is consid-
ered low heterogeneity, 50% moderate heterogeneity 
and 75% high heterogeneity.40 If between-study hetero-
geneity is high (I2

≥75%), it will be investigated through 
sensitivity analyses and meta-regression. Publication bias 
will be assessed by visually inspecting the distribution of 
the funnel plot when there will be at least 10 studies per 
analysis,41 by using Duval and Tweedie’s42 ‘trim and fill’ 
method and by using Egger’s43 regression test. Compre-
hensive Meta-Analysis software V.344 will be used to 
conduct all the analyses.

If the necessary data are available, subgroup analyses will 
be done to verify the association between certain deter-
minants and sleep according to the following variables: 
population (eg, healthy women vs women with medical 
conditions, such as cancer), study design (eg, experi-
mental vs observational epidemiological studies) and 
quality rating (high-rated vs low-rated studies according 
to the NIH or the EPHPP tool). We are also interested 
in looking at age differences in sleep. We want to verify 
whether the data differ according to childbearing age 
status and also according to pregnancy status since 
sleep among childbearing age and pregnant women can 
impact maternal, foetal and child health.14 We also want 
to verify if there are ethnic differences in the determi-
nants of sleep duration and quality among women given 
that a number of previous reviews have found ‘ethnic 
sleep disparities’.12 13
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Finally, the strength of the evidence will be assessed 
using the following information, which is derived from 
the Grading of Recommendations Assessment, Devel-
opment and Evaluation working group methodology:45 
(1) quality rating of each study according to the NIH 
or the EPHPP tool, depending on the study design; 
(2) magnitude of individual or pooled effect sizes (ie, 
SMD) according to Cohen’s classification,34 depending 
on whether a meta-analysis of the results is possible; 
(3) heterogeneity between studies using Cochran's Q37 
and the I2 statistic;38 and (4) publication bias by visually 
inspecting the distribution of the funnel plot when there 
will be at least 10 studies per analysis,41 by using Duval and 
Tweedie’s42 ‘trim and fill’ method and by using Egger’s43 
regression test.

ethIcs and dIsseMInatIon
Formal ethical approval is not required as no primary 
data will be collected. The results will be published in a 
peer-reviewed journal. This review will provide valuable 
information on intervention targets for researchers, 
clinicians and public health stakeholders interested in 
promoting adequate sleep among women. Since both 
sleep duration and sleep quality will be investigated, it 
will be possible to note whether the determinants differ 
according to the aspect of sleep that is investigated or 
according to the method used to measure sleep (eg, 
self-reported vs objective measure). If the findings vary 
by the aspect of sleep investigated, this could suggest 
the need to develop different interventions depending 
on whether the objective is to promote longer and/or 
improve sleep quality. If the findings vary by the method 
of assessing sleep, this could suggest the presence of 
bias or random errors. Investigating simultaneously the 
individual, social and environmental determinants of 
women’s sleep will allow us to ascertain which determi-
nants contribute the most to adequate sleep in women 
and provide a more comprehensive picture of factors that 
affect women’s sleep according to ecological models of 
health behaviour21 and socioecological models of deter-
minants of sleep in adults.1 12 13 Finally, this review will 
provide information on whether the determinants of 
sleep differ according to age (eg, childbearing-age vs 
older women), pregnancy status (pregnant or not) and 
ethnicity to inform the development of interventions to 
promote maternal, foetal and child health in various 
populations.14 This could be useful to tailor interventions 
to the characteristics of those populations that might be 
more at risk for short and/or poor sleep. To conclude, 
the review will identify gaps in knowledge and provide 
useful information to orient or improve the investigation 
of determinants of sleep in women and also to design 
empirically based interventions promoting sleep to favour 
optimal health and avoid negative health outcomes in 
women and their children.
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