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Abstract Midlife women are vulnerable to developing
obesity. Behavioral and psychosocial factors including sleep
duration, stress eating, and negative emotionality are risk
factors. However, little is known about the complex daily
interplay between sleep, eating, emotion, and weight among
midlife women. The current study examined how daily sleep,
using food to cope, and negative emotionality are associ-
ated with weight using a daily process research design. An
archival analysis was performed using the Midlife in the
United States-II study (MIDUS II). The sample consisted
of 489 midlife women (40-64 years of age). Variables
included ecological momentary assessments of daily sleep
duration, using food to cope, and negative affect (means and
intraindividual variability) and a standardized measurement
of BMI. Sleep duration variability was a significant predic-
tor of BMI, albeit the model only accounted for .8% of the
variance in BMI (b=.019, p <.05). In the final adjusted
model, sleep duration variability, using food to cope, age,
and physical activity were all significant predictors of
BMI F(5, 559)=21.503, p<.001, R*=.161, QR*=.024,
p=.001. Variability in negative affect, mean sleep duration
or negative affect and the interactions between sleep duration
(mean, variability) and negative affect (mean, variability)
were not significant. Greater variability in sleep duration
and greater use of food to cope predicted higher BMI in
this sample across age and physical activity levels. Results
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highlight that daily health and psychosocial factors play an
important role in weight.
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Introduction

Obesity is a complex, multifactorial health condition that is a
major cause of morbidity and mortality (Ogden et al., 2015).
Although obesity is prevalent across age groups, sexes, and
demographic factors, the condition is particularly prevalent
for women in midlife with 42% of women between the ages
of 40-60 years old classified as obese (Ogden et al., 2015).
Specifically, women in midlife have high rates of obesity
measured via BMI (i.e., BMI greater than or equal to 30;
Ogden et al., 2015) and also have high rates of central adi-
posity defined as excessive abdominal fat around the stom-
ach and abdomen area (i.e., greater than 88 cm; Grundy
et al., 2005). Both obesity and central obesity are risk factors
for poor health conditions in midlife including cardiovascu-
lar disease, breast cancer, metabolic syndrome, and depres-
sion (de Wit et al., 2010; Grundy et al., 2005).

Multiple explanations exist concerning the prevalence
of obesity in midlife women. Women in midlife experi-
ence biological changes associated with aging and meno-
pause including decreases in estrogen and increases in body
fat distribution in the abdominal area (Heymsfield et al.,
1994). However, evidence suggests that biological and
developmental changes due to menopause and aging do not
alone account for changes in weight at midlife (Davis et al.,
2012a). As such, modifiable lifestyle factors such as eating
behaviors, sleep, and psychosocial functioning (i.e., social
support, mental health, stress) show promise as mechanisms
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leading to weight gain in this population (Crawford et al.,
2011; Torres & Nowson, 2007). For example, using food to
cope with stress is common in midlife women and is associ-
ated with higher BMI (van Strien et al., 2016). Additionally,
problematic eating behaviors like stress eating are shown to
be interrelated with other daily processes such as negative
emotionality (van Strien et al., 2016) and sleep problems in
midlife women (Trace et al., 2012). As problematic eating
behaviors, sleep, and emotions are interrelated processes, it
is necessary to disentangle their individual contributions to
weight gain in midlife women.

Negative emotionality is another daily process of particu-
lar interest in their relation to weight gain. Women in midlife
experience high and fluctuating rates of negative emotional-
ity which is a risk factor for maladaptive eating behavior and
weight gain (Crawford et al., 2011; Konttinen et al., 2010).
Specifically, women in midlife are at risk for the develop-
ment of depressive symptoms and anxiety, with particular
risk during the perimenopausal and early postmenopausal
time period (Bromberger et al., 2007; Cohen et al., 2006).
Although biological factors such as decreases in estrogen
play a role in mood continuity (Avis et al., 1994), negative
emotional outcomes are also linked to work-life responsi-
bilities, changes in caregiving roles, marital dissatisfaction,
lack of social support, and psychological concerns due to the
aging (Earle et al., 1997).

In addition to negative emotionality as a risk factor for
weight gain in this population, women in midlife also expe-
rience high rates of sleep disturbance and disruption (Polo-
Kantola, 2011) which is an additional risk factor for obesity.
Between 33 and 51% of women report sleep problems during
midlife with prevalence associated with vasomotor symp-
toms, changes in hormone levels, mood, perceived health,
and stress (Kravitz et al., 2003). Poor and inadequate sleep
is regarded as a core symptom of menopause (National Insti-
tutes of Health, 2005) and is a risk factor for poor weight
outcomes in midlife women (Hall et al., 2012; Lee & Shin,
2015; Taylor et al., 2016). Although poor and inadequate
sleep can include short sleep duration (i.e., less than six
hours; Choi et al., 2011), unstable sleep timing (Taylor et al.,
2016), reduced sleep quality (Jennings et al., 2007) and/or
poor sleep efficiency (Buysse, 2014), sleep duration is a con-
sistent and independent contributor to weight gain in this
population (Hall et al., 2008; Patel & Hu, 2008). In particu-
lar, short sleep duration increases desire to consume energy
dense food choices, increases levels of appetitive hormones,
and interferes with emotional-cognitive reasoning involving
food choices (Spiegel et al., 2004).

Although negative emotionality, short sleep dura-
tion, and problematic eating behaviors influence weight
gain in midlife independently, there is also evidence of
a detrimental association between negative emotionality
and sleep whereby negative affect is exacerbated by high

rates of sleep disruption in midlife women (Pimenta et al.,
2014; Torres & Nowson, 2007). As such, the concomitant
higher rates of negative emotionality and sleep disrup-
tion in midlife women may interact to elevate the risk for
maladaptive eating behaviors and subsequent weight gain
(van Strien et al., 2016). Despite this risk, little is known
about the complex daily interplay between sleep, emotion,
and weight gain among midlife women. In particular, both
sleep and emotion tend to vary considerably day-to-day
(Gémez-Santos et al., 2016; Gordon et al., 2016, Gordon
& Sander, 2021; Zolfaghari et al., 2020). Despite this
variability, most research investigating sleep and emotion
relies on mean estimates via cross-sectional and retrospec-
tive self-report. As such, it is possible that the measure-
ment of central tendency may fail to fully capture the com-
plex nature of sleep and emotionality in this population.
As research investigating day-to-day variability is sparse,
it is unclear whether mean scores or variability is a bet-
ter predictor for weight outcomes. Furthermore, it is also
unclear how day-to-day variability in sleep and emotion
interact to predict weight outcomes. Therefore, given the
likelihood of poor sleep duration and negative emotional-
ity in this population, poorer overall mean levels of sleep
and/or emotional functioning could be compounded by
greater variability in these behaviors.

To date, research linking sleep, emotion, eating behav-
iors, and weight has relied on cross-sectional, retrospective
self-report methodology and/or laboratory-based methodol-
ogy. As behavioral weight gain comprises daily habits and
tendencies, there is a need to identify the daily lifestyle fac-
tors that influence weight gain on a micro level. Addition-
ally, given the lack of research regarding daily processes
of sleep, emotion, eating behaviors, and weight, and their
interrelatedness, the unique contributions of these variables
remains unclear. Therefore, the current studies attempt to
disentangle the relative predictiveness of variability versus
mean values and the role of affect versus sleep duration
versus eating behaviors in predicting BMI. Understanding
micro-level changes in daily habits and affect can ultimately
lead to changes in individual-level prevention and interven-
tion strategies as well as macro-level public health concerns
such as obesity and its associated morbidities such as diabe-
tes, breast cancer, and metabolic syndrome.

First, we examined whether a central tendency measure-
ment of negative emotionality, using food to cope, and sleep
duration were strong predictors of BMI. Next, we exam-
ined whether variability in negative emotionality via nega-
tive affect, and/or variability in sleep duration is a predictor
of BMI. Then, we tested the interactions of sleep duration,
using food to cope, and negative emotionality in their asso-
ciation to BMI. Given the strong link between sleep (Trace
et al., 2012) and affect (van Strien et al., 2016) with eating
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behaviors, we also explored the role of problematic eating
behaviors as a further predictor of BMI.

It was hypothesized that shorter and more variable sleep
duration, higher and more variable negative affect and
greater use of food to cope would be associated with higher
weight outcomes. It was also hypothesized that there would
be an interaction between sleep duration and negative emo-
tionality, such that more negative or variable emotionality
would interact with shorter and/or more variable sleep to
increase weight. Results from this study will provide insight
into daily lifestyle and behavioral factors that influence
weight outcomes in midlife women using EMA methodol-
ogy within natural environments.

Methods
Design

Data was obtained from a secondary data from the Midlife in
the United States (MIDUS-II) dataset. MIDUS-II is funded
by the National Institute on Aging at the University of Wis-
consin Madison (P01-AG020166). Specifically, midlife
women who participated in the MIDUS II daily dairy study
(NSDE II), an eight-day daily diary study where participants
reported their daily stress, emotions, sleep, and experiences
across eight consecutive days through completion of nightly
assessments and telephone interviews were included in the
current study.

Participants

Participants completed the Midlife in the United States
(MIDUS) II study, a longitudinal telephone and paper-and-
pencil study designed to examine the roles of behavioral,
psychological, and social factors in aging and health. Data
collection for MIDUS-II took place from 2004 to 2006. All
eligible participants were non-institutionalized, English-
speaking adults, and between 35 and 86 years of age.

The current study consists of a sub-sample of 489 female
community-dwelling MIDUS-II participants between the
ages of 40—64. On average, participants were 52.72 (7.2)
years of age, primarily white (93.5%), with an average
annual income of $74,982 (58,489; Table 1). Participants
were eligible if they completed both Project 1 and Project
2 (daily diary sub-study, “The National Study of Daily
Experiences”) of the MIDUS-II study. Project 1 involved
the completion of telephone and paper and pencil question-
naires while Project 2 investigated day-to-day life stressors
and daily physical and emotional reactivity using ecological
momentary assessment (EMA). Demographic information
and participant characteristics including, BMI, race, income,
education, and self-rated health was collected during Project
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Table 1 Participant sociodemographic and health characteristics

Variable (M, SD) N Percentage (%)

Age (52.72,7.2)

Race/ethnicity
White 420 935
Black 10 22
Native American 5 1.1
Asian 3 v
Other 9 2.0

Annual income ($74,982, 58,439)

Highest level of education

Professional degree 9 2.0
Master’s degree 58 129
Some Graduate School 19 4.2
Bachelors 83 185
Two-year degree 32 7.1
Some College 115 257
High school/GED 117 26.1
Did not graduate high school 15 33

Average Sleep Duration (hours; 7.05, .99)
Average Negative Affect (.21, .25)
Average Using Food to Cope (4.28, 2.00)

1 of the MIDUS-II study (see Table 1.). Daily physical activ-
ity, sleep, stress, and mood were collected during Project 2.
There was at least 3 months between the data collection for
Project 1 and Project 2, however the exact timing of data
collection for participants is unknown.

Measures
Daily negative affect

A state negative affect measure assessed symptoms of
depression and anxiety nightly across eight nights to assess
daily negative affect. Daily negative affect was calculated
as both mean negative affect across the eight-day period as
well as variability in negative affect across eight days. The
scale was administered in the morning or evening, depend-
ing on each participant’s availability. A 6-item question-
naire asked participants, “how much of the time today did
you feel: worthless; hopeless; nervous; restless or fidgety;
that everything was an effort; and so sad that nothing could
cheer you up”. Participants rated their response on a 5-point
scale from O (none of the time), to 4 (all of the time), and
scores were summed across items (Kessler et al., 2002).
Cronbach’s alpha values calculated for each day of data col-
lection ranged from 0.75 to 0.85. In previous studies, the
measure of daily negative affect yielded Cronbach’s alpha
values between 0.92 (Almeida et al., 2001) and 0.94 (Seltzer
et al., 2009).
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To measure mean negative affect, the average rating of
negative affect across the eight-day time period was calcu-
lated. To assess variability negative affect, intraindividual
variability calculations were obtained for each participant’s
negative affect score across the eight-day time period. This
resulted in intraindividual standard deviations (IISD). All
IISD variables were detrended for time to control for any
variations due to the effects of observing behaviors over
time. Specifically, detrending for time produces a variable
that reflects variability that is not due to the effects of time,
per se (e.g., practice effects, participation fatigue, etc.), but
rather due to inherent variations in the behavior. Detrend-
ing was conducted via linear regression analyses for all par-
ticipants with time (linear, quadratic, and cubic functions)
as the independent variables and the negative affect as the
dependent outcome. IISD values were then calculated for
the negative affect variables using the time-independent
residuals from the aforementioned linear regression analy-
ses. This detrending process resulted in affect variability
that consisted of within-person standard deviations that are
independent of any influences of time.

Using food to cope with stress

Using food to cope with stress was measured via a coping
questionnaire where participants were asked to indicate how
they ‘‘usually experience a stressful event.”” Two choices
included, ‘‘I eat more of my favorite foods to make myself
feel better,”” and “‘I eat more than I usually do.” Responses
ranged from 1=a lot to 4 =not at all. The sum of the two
questions were obtained and reverse coded so higher scores
indicated greater stress eating. Scores ranged from 2 (not all)
to 8 (a lot). The correlation between the two items was 0.80
in the full MIDUS-II analytical sample.

Daily sleep

Daily sleep was obtained through daily self-report of sleep
duration where participants indicated the amount of sleep
they had obtained (in hours and minutes) during the previ-
ous sleep period. Although the self-reported sleep duration
measure does not contain the additional indices of sleep
found in other questionnaires such as sleep quality or satis-
faction with sleep, previous research identifies self-reported
sleep duration as a standard index in epidemiological stud-
ies (Kripke et al., 2002). Daily sleep duration was assessed
over an eight-day time period. For analyses, both mean sleep
duration and variability in sleep duration was calculated.
Mean sleep duration was calculated as the average time, in
minutes participants reported the amount of sleep they had

obtained across eight days. Variability in sleep duration was
quantified by calculating intraindividual variability in sleep
duration for each participant’s minutes of sleep across eight
days using the same process outlined above for the negative
affect variable. This process resulted in sleep duration vari-
ability that consisted of within-person standard deviations
that are independent of any influences of time.

Weight

Weight in the current study was assessed using body mass
index (BMI), which was measured during a physical exam
using a standardized procedure. BMI was calculated by
dividing body weight in kilograms by height in meters
squared. Having a BMI of 18.5 to 24.9, is considered
healthy. A BMI of 25 to 29.9 is considered overweight, and
a BMI of 30 or higher is considered obese (Ogden et al.,
2015). BMI was used as a continuous variable in the cur-
rent study in order to better understand sleep and mood’s
association with BMI along a continuum of different indices.

Covariates

Analyses were conducted to identify covariates that were
potential confounders with daily emotion/stress, sleep,
and weight. These included age, physical activity, annual
income, education, and race/ethnicity (Campbell & Samaras,
2000; Lahmann et al., 2000; Owens & Matthews, 1998). Age
was included as both a predictor of affect, sleep, and BMI
as well as a rough indicator of menopause status given the
lack of menopause status indicators in our dataset. Physi-
cal activity was assessed by daily diaries with the question,
“How many minutes of moderate to vigorous exercise did
you engage in today?” A score of weekly physical activity
was obtained by summing the score of physical activity, in
minutes, across the seven days of data collection. Annual
income, education, and race/ethnicity was obtained from
demographic questionnaires.

Statistical analyses
Data preparation and data cleaning

SPSS 27.0 was used for all data analyses. Power calcula-
tions using G*Power (Faul et al., 2009) suggested that for a
regression analysis, a sample size of at least 109 participants
was needed to predict an R? of at least 0.15 at an alpha level
of 0.05, with a power of 0.80 (1—/). In the current study,
assuming a medium effect size, 489 participants was suf-
ficient to detect an effect.
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Results
Data preparation and data cleaning

Data were cleaned and descriptive statistics (means, stand-
ard deviations, and frequencies) were calculated to verify
that data met the assumptions of the planned analyses. A
review was conducted to assess skewness, kurtosis, and
outliers for all main variables and covariates of interest.
Skewness and kurtosis values for sleep duration and affect
variables were close to or below an absolute value of 2,
indicating that they were approximately normally distrib-
uted (George & Mallery, 2010). Additionally, assumptions
of independence, normality, multicollinearity, and linear-
ity were sufficiently met. A Little’s Missing Completely at
Random (MCAR) test was conducted to determine miss-
ingness of data. Data was determined to be MCAR (>
(4)=3.09, p=0.543).

Next, Pearson correlation analyses were calculated to
identify significant bivariate associations between covari-
ates and BMI. To increase power and degrees of freedom
for analyses, only variables with significant bivariate
associations were included in the final statistical models

Table 2 Mean and variability models predicting BMI

(p <0.05). In final analyses, covariates included age and
average physical activity per day. Annual income, race/
ethnicity, and highest level of education achieved were
not included in statistical models given that they were not
statistically related to BMI in the sample.

Mean sleep duration, negative affect, using food to cope,
and BMI

First a three-step hierarchical regression was used to identify
whether age and physical activity was a significant predic-
tor of BMI (Step 1), followed by average sleep duration or
average negative affect across an eight-day time period (Step
2), and using food to cope (Step 3). Mean negative affect
and sleep duration were not significant predictors of BMI.
In the final model, however, using food to cope, age, and
physical activities were significant predictors of BMI, F(5,
602)=22.934 p<0.001, R*=0.160, @R*=0.025, p=0.001
(Table 2). Being more likely to use food to cope with stress,
being of older age, and engaging in less physical activity
was associated with higher BMI (predicted 16% of the vari-
ance in BMI).

BMI

Overall mean model (Model 1)

Variability model (Model 2)

Coefficient (SE) 95% CI s Coefficient (SE) 95% CI s
Step 1
Age (Ul) .069 (.035)* .000, .138 079 .079 (.037)%* .006, .151 097
Physical Activity (U2) —.017 (005)***  —.027,—.007 —.137 —.019 (.005)* —.030,—.008 —.123
F(2, 605)=7.692, p<.001, F(2,562)=8.297, p<.001,
R*=.025 R*=.029
Step 2
Age (Ul) 071 (.035)* .002, .140 081 .086 (.037)* 014, .159 097
Physical Activity (U2) —.017 (.005)%* —-.027,-.007 —.136 —.019 (.005)%* —-.030,—.008 —.145
Negative Affect (X1) 055 (.071) —.084,.195 031 —.061 (.209) — 471,349 -.012
Sleep Duration Model (X2) —.004 (.004) —-.012,.005 —.034 021 (.009)* .003, .039 096
F(4, 603)=4.226 p=.002, F(4,560)=5.517, p<.001,
R*=.027, AR*= 002, p= 465 R*=.038, AR*=.009, p=.069
Step 3
Age (Ul) 073 (.033)* .009,.138  —.116 .087 (.035)* 019, .155 097
Physical Activity (U2) —.015 (.005)%:* —.024,—.005 084 —.016 (.005)% —.026,—.006 —.123
Negative Affect (X1) —.016 (.066) —.146,.114  —.009 —.085 (.195) — 468,299 —.017
Sleep Duration Model (X2) —.006 (.004) —-.013,.002 —.053 .023 (.009)%* .007, .040 .106
Using Food to Cope (X3) 1.161 (.119)#x 927,1394 364 1.116 (.123) #s 874,1358 351

F(5, 602)=22.934 p <.001,
R*=.160, AR*=.133, p<.001

F(5, 559)=21.503, p<.001,
R*=.161, AR*=.123, p<.001

Model 1 =overall means model with mean negative affect and mean sleep duration as the predictors; Model 2 = variability model with variability
in negative affect and variability in sleep duration as the predictors; sr? represents the squared part correlation

*p<.05, ¥*¥p <.01, ¥*¥p <.001
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Sleep duration variability, negative affect variability,
using food to cope, and BMI

Another three-step hierarchical regression was used to
identify whether age and physical activity was a significant
predictor of BMI (Step 1), followed by variability in sleep
duration or negative affect across an eight-day time period
(Step 2), and using food to cope (Step 3). In step 2, sleep
duration variability, not affective variability, was a signifi-
cant predictor of BMI, albeit the model only accounted for
4% of the variance in BMI. In the final model with all pre-
dictors, sleep duration variability, using food to cope, age,
and physical activity were all significant predictors of BMI
F(5, 559)=21.503, p<0.001, R*=0.161, ®@R*=0.123,
p <0.001. The final model predicted 16% of the variance
in BMI and indicated that greater sleep duration variability,
more reliance on using food to cope with stress, older age,
and less physical activity was associated with higher BMI.
After adjustment for covariates and converting the sleep
duration variability variable from minutes to hours, it was
calculated that each hour of more variable sleep duration
was associated with 1.26 kg/m? greater BMI.

Interactions between sleep and affect

Finally, moderation analyses identified whether any sig-
nificant interactions existed among the sleep and negative
affect variables. In order to parse the multiple avenues by
which mean and variability may combine to predict BMI, we
examined the interaction between mean levels, between vari-
ability, and between mean and variability in sleep duration
and emotionality. We wanted to explore if worse mean lev-
els, higher variability, or a combination of worse mean and
greater variability was more predictive of BMI as variability

Table 3 Interaction models predicting BMI

or mean levels may have more relevance for sleep or mood
in this group. Moderation analyses used Hayes’ (2013)
SPSS PROCESS macro, which is a tool which allows for the
examination of the conditional effects of a moderation using
a bootstrapping process. This process includes resampling
5,000 times in order to estimate the bias-corrected sampling
distribution of the conditional effects identified in the model.
In the mean model (i.e., aim 1), the interaction among mean
sleep duration and mean negative affect was not significant
(p=0.397; b=—0.001; 95% CI — 0.002, 0.001). Similarly,
in the variability model (i.e., aim 2) the interaction among
sleep duration variability and negative affect variability,
was not significant (p =0.680; b=0.003; 95% CI — 0.010,
0.015). Lastly, the combined interactions of mean affect and
variability in sleep duration (p=0.115; b=— 0.002; 95%
CI — 0.005, 0.001) and variability in affect and mean sleep
duration were also non-significant (p =0.854; b=— 0.001;
95% CI — 0.006, 0.005) (Table 3).

Discussion

The current study examined the association of daily pro-
cesses of negative emotionality, sleep duration, and using
food to cope with BMI in a sample of midlife women.
Specifically, the study hypothesized that shorter and more
variable sleep duration, higher and more variable negative
affect, and greater use of food to cope would be associated
with higher weight outcomes. It was also hypothesized
that there would be an interaction between sleep duration
and negative emotionality. The current study did not find
a significant association between mean sleep duration,
mean negative affect, and variability in negative affect with
weight outcomes. Results indicated that sleep duration, but

Model 1 Model 2 Model 3 Model 4
Coefficient (SE) Coefficient (SE) Coefficient (SE) Coefficient (SE)
BMI
Mean negative affect X mean sleep duration —.001 (.001)
Variability in negative affect X variability in sleep duration .019 (.014)
Mean negative affect X variability in sleep duration —.002 (.001)
Variability in negative affect X mean sleep duration —.001 (.003)
Using food to cope 1.160 (.119)%#s* 113 ((123)% 1.123 (.120)%:* 1.138 (.123)%#sk*
Age .073 (.033)* .086 (.035)* .087 (.034)%** .073 (.034)*
Physical activity —.012 (.005)** —.016 (.005)** —.016 (.005)** —.016 (.005)**
R*=.161 F (6, R*=.162 F (6, R*=.165 F (6, R*=.158 F (6,
601)=19.222, 558)=17.921, 584)=19.193, 567)=17.761,
p<.001 p<.001 p<.001 p<.001

Model 1=mean X mean model; Model 2 =variability X variability model; Model 3=mean X variability model; Model 4 = variability X mean

model

#p<.05, *p < .01, ¥**p < .001

@ Springer



900

J Behav Med (2022) 45:894-903

not negative affect, was significantly associated with weight
outcomes. Specifically, higher variability in sleep duration
was associated with higher BMI.

Notably, the current study found that for every one hour
increase in sleep duration variability, there is a 1.26 kg/m?
increase in BMI. This finding is similar to current research
on the relation between mean sleep duration and BMI in
midlife women, as one study found that for each one hour
less sleep was associated with 0.86 kg/m? greater BMI
(Appelhans et al., 2013). In addition to the importance of
mean sleep duration on weight in midlife women, the current
study suggests that sleep duration variability is of relatively
equal importance. Although there is little other research
on sleep duration variability in midlife women, the find-
ing that variability in sleep duration was associated with
higher likelihood of being overweight or obese is supported
by research on social jet lag. Social jetlag, defined as a meas-
ure of discrepancy in sleep outcomes between work days
and “free” days, was found to increase BMI due to misalign-
ment between the circadian system and metabolic function-
ing (Roenneberg et al., 2012). Similarly, the current study
found sleep duration variability was associated with BMI in
a specific sample of midlife women. The finding that sleep
duration variability is significantly associated with weight is
novel in that the role of sleep duration variability in associa-
tion with obesity risk has not yet been investigated in this
population. As sleep in midlife women is highly disrupted
and unstable as a result of biological and psychosocial fac-
tors (e.g., vasomotor symptoms, stress; Kravitz et al., 2008;
Woods & Mitchell, 2010), it is of value to further explore
the impact of sleep duration variability on weight in future
research.

Notably, the current study found that the relationship
between using food to cope and BMI was particularly
strong in this sample of midlife women. This finding is in
line with previous research that stress eating is associated
with higher BMI in midlife women (van Strien et al., 2016).
Using food to cope with stress is especially important to
examine as this behavior is common in midlife women (van
Strien et al., 2016). Using food to cope with stress and emo-
tions is referred to as emotional eating or stress eating (van
Strien et al., 2007) and often involves greater consumption
of foods higher in fat, sugar, and calories (Elthag & Ross-
ner, 2005). In addition to stress eating being associated with
higher BMI, stress eating also has the potential to impact
other health outcomes that are of particular importance to
midlife women, such as diabetes and heart disease (Mel-
anson, 2007; Wang et al., 2010). As eating behaviors are
tied to both sleep duration and affective states, the current
study adds to existing literature by investigating the unique
contributions of interrelated daily processes like sleep, emo-
tion, and eating behaviors to weight. Even when consider-
ing daily, fluctuating factors such as sleep and mood, eating
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behaviors, like stress eating, emerged as a particularly strong
individual predictor of weight in midlife women.

Although the current study adds to previous literature
by providing support for the association of variability of
sleep duration and weight outcomes, mean sleep duration
was not associated with weight. This finding is in oppo-
sition with previous cross-sectional studies which have
found an association between mean sleep duration and
BMI. Appelhans et al. (2012) found that mean sleep dura-
tion across a one-month time period was associated with
increased BMI in midlife women using a combination of
sleep diaries and actigraphy. Similarly, Hall et al. (2008),
found an association between mean sleep duration and
weight outcomes in a specific sample of midlife women
using self-report methodology. Although the current
study did not replicate these findings, the aforementioned
study utilized a retrospective self-report of sleep duration
which is comparable, albeit less valid when compared to
daily sleep measures. Importantly, how sleep is measured
in research can greatly affect findings. In fact, subjec-
tive reports of sleep may be less accurate than objective
measures of sleep such as actigraphy of polysomnography,
which suggests the self-report of sleep data within the cur-
rent study is a limitation (Silva et al., 2007). As such,
future work is needed using daily sleep methodology to
further explore this discrepant finding.

Additionally, the current study did not find that mean or
variability in negative affect was associated with BMI. This
result is surprising given that previous research has found
associations between negative emotionality and weight. Spe-
cifically, women with depressive symptoms were found to be
more likely to gain weight across the adulthood compared
to women without depressive symptoms (Sutin & Zonder-
man, 2012), and a review of weight gain in midlife found
depressive symptoms to be a significant predictor of higher
BMI values (Crawford et al., 2000). Although previous work
has highlighted the role of negative emotionality in weight
gain in midlife women, most work has examined depressive
symptoms as a predictor to weight outcomes. Depressive
symptomology is prevalent in midlife women (Bromberger
et al., 2003), and depressive symptoms have been associated
with weight outcomes (Crawford et al., 2011). However, this
is the first study to clarify how day-to-day experiences of
negative emotions influence subsequent weight outcomes.

Lastly, the current study hypothesized that sleep dura-
tion and negative affect would interact to predict weight out-
comes. The current study did not find an interaction between
sleep duration and negative affect. It is likely that although
weight may be influenced by sleep and emotion across time,
the interaction among sleep duration and emotion may have
a more immediate effect on behavior and may influence
alternative outcomes other than weight. Eating behavior, for
example, is associated with both sleep duration and emotion
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(Crawford et al., 2011). Future work should examine more
immediate consequences of sleep duration and emotional-
ity on weight-related behaviors. Furthermore, the current
study is limited in that weight was only measured at one
time point. To further uncover the complex relationships
between sleep, emotion, and weight, future work should
consider using a repeated measures design which includes
multiple assessments of weight.

Although the current study has many strengths, several
limitations must be addressed. First is the overall lack of
racial diversity in the current sample. As a majority of the
women are White, the homogeneity of the sample prevents
broad generalizability of the results to midlife women of dif-
ferent races and ethnicities. Additionally, due to the use of
secondary data, we could not control for potentially relevant
covariates. These include biological factors (i.e., menopau-
sal status, hormonal fluctuation), and behavioral factors
(i.e., eating behaviors), which influence sleep, emotion, and
weight outcomes in midlife women. Thus, the current study
cannot address biological mechanisms, menopausal factors,
and potential behavioral factors that link sleep and emotions
to weight outcomes in this population. The current study
is also cross-sectional, and models are operating in a tem-
poral conceptual framework. As such, causality cannot be
determined. Furthermore, the timing between data collection
for Project 1 and Project 2 varied between participants. As
this difference in timing may have impacted participant’s
experiences, other research designs would be beneficial for
future work in this area. In particular, future research using
prospective designs and controlled timelines for data collec-
tion would be beneficial for investigating the direct associa-
tion between sleep, emotion and weight outcomes. Lastly,
the current study did not assess for sleep-and-wake promot-
ing substances or screen for sleep disorders. Although the
prevalence of sleep-and-wake promoting substance use has
not been examined, use of these substances is fairly com-
mon. In a sample of adults, 12.5% reported using at least 1
wake-promoting substance and 30.2% reported using at least
1 sleep-promoting substance in the past month (Ogeil et al.,
2019). Additionally, sleep disorders are common in midlife
women. For example, obstructive sleep apnea and insomnia
are present in 20% and 50% of midlife women, respectively
(Hall et al., 2015). Future research should consider screen-
ing for sleep-and-wake promoting substance use and sleep
disorders when investigating sleep behaviors in populations
of midlife women.

Although the study does contain limitations, there are
several strengths. First, the MIDUS II dataset represents a
national sample of women. Though limited in racial diver-
sity, the use of this dataset allowed us to examine a broad
range of women living in the United States. Second, the
use of daily sleep and emotion variables across an eight-day

time frame allowed us to examine sleep and emotion across
multiple days and assess both mean and variability in sleep
duration and emotion with reduced recall bias. We also used
objective measures of BMI. Lastly, this is one of the first
studies to assess sleep variability in sleep duration and nega-
tive emotion in midlife women. This is valuable given the
detrimental health outcomes that are associated with inad-
equate sleep and negative emotionality in this population
(Hall et al., 2012).

In addition to the sample and measurement strengths, this
project extends the current literature in a number of novel
ways. This is one of the first studies to investigate the asso-
ciation of daily sleep duration, negative emotion, and using
food to cope with obesity outcomes in midlife women. This
is important as obesity is prevalent in midlife women and
sleep and emotion are modifiable mechanisms which can be
targeted in clinical interventions. Although the current study
did not find a significant interaction between emotion and
sleep duration, this null finding highlights future areas of
work that could help extend understanding of how emotion,
eating behaviors, and sleep are associated with weight in this
population. In particular, it would be of value to use longi-
tudinal designs to investigate the influence of daily emotion
and sleep on eating behavior as well as causal mechanisms
and moderating influences which lead to and exacerbate
weight outcomes in this population.
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