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Abstract

Objectives: Many studies have documented the strong associations between well-being and
mean levels of both positive and negative affect. A growing number of studies are examining
how fluctuations in daily reported emotional experience, known as affect variability, is related

to health outcomes. Sleep is a critical correlate of healthy in functioning in late life. This study
examines associations between positive and negative affect variability and facets of self-reported
sleep behavior among older adults.

Methods: Participants (A= 277) completed a 5 to 6 day ecological momentary assessment. The
first survey upon waking asked participants about their sleep the previous night, and participants
rated their positive and negative affect every three subsequent hours during waking hours.

Results: Regression models indicate that greater variability in daily positive affect is associated
with fewer hours of sleep (6= -0.648, p=.04) and greater morning tiredness (6= 0.67, p=
.006) even after adjusting for mean levels of affect. Although greater negative affect variability is
associated with worse sleep quality (6= -0.77, p=.02) and greater morning tiredness (6= 0.91,
p =.004), these associations are no longer significant once mean negative affect is added into the
model.

Conclusion: Findings support theory describing the downside in the variability of positive
affect, and suggest that fluctuations in positive affect are related to poor sleep outcomes that have
implications for overall health and well-being.
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Affect Variability and Sleep: Emotional Ups and Downs are Related to a Poorer Night’s
Rest Getting a good night’s sleep is vital for health and well-being. Yet, many people get
an insufficient amount of sleep or suffer from problems getting and staying asleep [1]. One
factor closely linked to sleep is daily affective well-being, the positive and negative emotion
experiences that occur throughout the day. Studies that have examined the relationship
between affect and sleep have traditionally taken a static approach, where they define
affective experiences in terms of overall levels. Higher levels of negative affect and lower
levels of positive affect are commonly related to poorer sleep [2 — 4]. A growing number

of studies, however, are focusing on the variability of this emotional experience and its
relationship to well-being [5,6]. Shifts in levels of affective experience over time, known as
affect variability, relate to both physical health, e.g., [7], and psychological well-being, e,g.,
[8] above and beyond their mean levels. These findings indicate that greater change from
high levels to low levels of positive or negative affect and back again may be associated
with poor physical and psychological functioning, independent of overall levels of these
experiences.

Yet, no study to our knowledge has examined how affect variability is related to sleep [9].
This relationship may be particularly important in older adulthood, because healthy sleep
habits in older adulthood may substantially increase the period of functional good health in
late life [10]. The current study tests the relationship between affect variability and sleep
behavior, including sleep duration, sleep quality, and morning tiredness in an ecological
momentary assessment of older adults.

Affect Variability and Well-Being

Affect variability refers to positive and negative emotional experiences that vary and
fluctuates over the course of day, week, or month [5]. Two people may be identical in
their average level of negative affect but quite different in their variability, with one person
fluctuating dramatically between high and low levels of affect and the other person staying
consistently around their average level. Furthermore, variability in positive and negative
affect are a relatively stable characteristic [11] that is partially heritable [12], meaning that
one person can be characterized as generally having greater affect variability, and another
person can be characterized as being less variable.

Affect that changes strongly or abruptly may be a sign of poor emaotion regulation and

be a signal for maladjustment and instability [13]. Research has shown that both negative
and positive affect variability are linked to psychological well-being [5]. Greater daily
fluctuations in negative affect are related to psychological distress [11], and a recent meta-
analyses found strong links between greater negative affect variability and various indicators
of psychopathology [14]. In addition to negative affect variability, greater positive affect
variability is associated with lower life satisfaction, higher levels of anxiety and depression
[8], and greater psychological distress [11]. Importantly, these studies also adjusted for mean
levels of positive and negative affect, suggesting that the patterns of emotional fluctuations
throughout the day are important for psychological well-being above and beyond how
people feel in general.
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Affect variability and physical health.

Fewer studies have examined links between affect variability and physical health, but similar
patterns have begun to emerge as those described above. For example, one study found
greater positive and negative affect variability was predictive of lower antibody levels after
an influenza vaccine among a sample of undergraduate students [7]. Another study found
that greater positive affect variability is associated with greater risks of chronic health
conditions such as angina and depression [15]. Studies of older adults also suggest that
affect variability is related to poorer health outcomes. One study, for example, found that
higher positive affect variability both within days and across weeks was associated with
more favorable cortisol profiles (i.e. lower overall levels and steeper diurnal slopes) in
middle-age and older adults [16]. Another study found that greater dynamic fluctuations

in positive affect, but not negative affect, in response to daily stressors predicted a higher
risk for mortality among older adults [17]. Results from this emerging research has begun
to illustrate the important links between affect variability and physical health, concluding
that higher variability in patterns of emotional experience is associated with worse physical
health.

Affect Variability and Sleep

Despite emerging evidence that affective variability is related to physical and mental health,
no studies have examined the relationship between affect variability and sleep behavior.
Although sleep may fluctuate from day to day based on daily experiences, people have
general sleep patterns where some people typically sleep poorly, and others generally sleep
well by getting an appropriate number of hours with good sleep quality [18]. Given the
known detrimental effects of generally poor sleep on physical and psychological health, it
is critical to understand factors that may influence the ability to get a good night’s sleep.
Researchers have examined affective responses to daily events and how these responses
relate to sleep, finding that greater positive affect reactivity (i.e. greater decreases in positive
affect in response to a stressful event) are associated with impaired sleep quality [19].
However, no studies to our knowledge have examined positive or negative affect variability
and sleep.

The association between affect variability and sleep may be particularly important in older
adulthood. Older adults engage in regulatory strategies that allow them to maintain high
levels of positive affect [20], and sleep is a resource that aids in the ability to regulate
emotions [21]. Inadequate sleep may increase vulnerability in older adults because it renders
them unable to use optimal emotion regulation strategies in the face of negative events,
thus leading to greater affect variability. Higher affect variability may also lead to poorer
sleep in older adults through physiological dysregulation. Greater affect variability may be
related to increased cognitive and somatic arousal, such as worry or muscle tension, which
may also result in poorer sleep outcomes [22]. Increases in arousal may contribute to both
shorter sleep duration and poorer sleep quality [23]. This may be particularly harmful for
older adults, given that older age is accompanied by reduced physiological flexibility and
prolonged recovery from negative events. In general, older adults experience low levels of
negative affect variability compared to younger adults [24]. Despite generally low levels of

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leger etal.

Page 4

variability in negative affect, even low levels of variability are important in older adulthood.
Variability in emotional and cognitive functioning is considered a behavioral indicator of
cognitive and physical decline in later life [25]. Thus, even slightly higher levels of affect
variability compared to their peers may constitute a vulnerability for people in an age

group where declines are more common. Given the complex and close-tied links between
affect and sleep in older adulthood, a better understanding of the relationship between affect
variability and sleep is needed.

Current Study

Method

The current student examines associations between affect variability and self-reported sleep
across several days in a sample of older adults. This relationship may be of particular
importance to assess in older adulthood, as healthy sleep habits in older adulthood are
critical for functional health [10]. In this study, affect variability is operationalized as the
within-person standard deviation (iSD), or variance of emotional states across time. The
larger the within-person SD, the more extreme an individual’s fluctuation in affect. This
method is widely used across a number of studies and provides a concise measure of
variability (the larger the standard deviation, the more variable a person’s affect; e.g. [24]).
Because sleep is a multidimensional construct, we examined three dimensions of sleep:
hours of sleep, morning tiredness, and sleep quality. Hours of sleep reflects amount of sleep
obtained and is the measure most commonly used in sleep-affect research [26]. Morning
tiredness and sleep quality are holistic and subjective evaluations of how well a person
slept and have been linked with health and well-being [27]. Based on previous findings that
show a relationship between higher levels of both positive and negative affect variability and
poorer health and well-being [5], we hypothesized that greater positive and negative affect
variability would be associated with poorer sleep outcomes (e.g. hours of sleep, morning
tiredness, and sleep quality) in older adults.

Participants and Procedure

Participants were from the Daily Experiences and Well-being Study (DEWS). The study
included 333 adults aged 65 and older who were recruited from the greater metropolitan area
of Austin, Texas. The procedure included a baseline in-person interview that lasted between
90 and 120 minutes. The interview was followed by a 5 to 6 day ecological momentary
assessment (EMA) where participants reported their daily experiences on a mobile device
every 3 hours during waking hours at roughly the same time each day (for a full description,
refer to [28]). The three-hour time interval was chosen to capture variability in people’s
experiences throughout the day while minimizing participant burden. This interval has

been used in previous EMA studies with older adults [29]. The first survey upon waking
(morning interview) asked participants about their sleep the previous night, followed by
subsequent surveys asking about their mood over the past 3 hours. Respondents received
$50 for completing the baseline survey and $100 for completing the EMA component. Of
the 333 adults who completed the initial interview, 313 adults participated in the ecological
momentary assessment portion of the study. Of these participants, 291 completed at least
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one survey at the start of the day (necessary to assess previous night sleep) and 288 had at
least two EMA surveys (necessary to compute affect variability). Participants completed an
average of 20 within day surveys.

The mean age of this sample was 73.94. 56% of the participants were female. A total of
93% of the participants reported having a high school degree or higher, and 57% reported
having a bachelor’s degree or higher. Of note, participants in this study were slightly

more highly educated than the general population of Austin, which has a high education
level in general. DEWS oversampled participants in neighborhoods with high-density under-
represented populations; as such, 33% of the participants self-identified as ethnic or racial
minorities (e.g., African Americans, Hispanic or Latinos).

Sleep.—Each morning, participants completed three items to assess prior night’s sleep.

Hours of sleep.: Participants rated the number of hours of sleep they had gotten the previous
night. This item was adapted from the Pittsburgh Sleep Quality Index by taking the original
item (an open ended response) and adapting it to include a six category response [30]. The
PSQI has excellent validity and reliability [31]. Scores ranged from 1 (fewer than 5 hours),

2 (5to 6 hours), 3 (6 to 7 hours), 4 (7 to 8 hours) 5 (8 to 9 hours), 6 (more than 9 hours).
Scores were averaged across each day to create one overall mean score for each participant.

Morning tiredness.: Participants also reported how tired they felt each morning. This item
was adapted from the Daily Pittsburgh Sleep Diary by taking the original item (rated on

a sliding scale that was coded from 0 to 100) and adapting it to include a five category
response [32]. The Daily Pittsburgh Sleep Diary has been well validated [33]. Scores ranged
from 1 (not at all) to 5 (a great deal). Scores were averaged across each day to create one
overall mean score for each participant.

Sleep quality.: Participants reported their previous night’s sleep quality on a scale from 1
(poor) to 5 (excellent). Scores were averaged across each day to create an overall mean score
for each participant. This item was adapted from the Consensus Sleep Diary by taking the
original item (a five category response from 1 (very poor) to 5 (very good)) and adapting

it to 1 (poor) to 5 (excellent) [34]. The Consensus Sleep Diary has excellent reliability and
validity [34].

Positive and negative affect.—Every 3 hours throughout the day, participants rated the
extent to which they experienced five negative affect items: nervous/worried, irritated, bored,
lonely, and sad and four positive affect items: proud, content, loved, and calm. Items were
adapted from measures by Watson et al., [35] and Shaver et al., [36]. Original items from
these scales included a 4-point rating scale ranging from 1 (I definitely would not call this
an emotion) to 4 (1 definitely would call this an emotion). The adapted items were rated on

a 5-category scale (1= not at all to 5= a great deal). Items for both negative affect (NA) and
positive affect (PA) were summed and averaged to create one NA and one PA score for each
time point. Cronbach alphas were .72 for NA and .69 for PA.
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Affect mean and variability.—To calculate overall mean affect, NA scores across each
time point were averaged so that each person received one overall mean NA score. The
procedure was repeated for PA scores. To calculate negative affect variability, a standard
deviation was calculated for NA scores across all time points so that each person received
one standard deviation score to reflect affect variability. The procedure was repeated for PA
SCOres.

Covariates.—All models included demographic factors that were collected in the baseline
interview and included: age, gender (0 = female, 1= male); years of education (1 = no
formal education, 2 = elementary school, 3 = some high school, 4 = high school, 5 = some
college, 6 = college graduate, 7 = post college education, 8 = advanced degree); marital
status (O = never married, divorced, or separated, 1 = married or cohabitating); and race

(0 = racial minority, 1 = non-Hispanic White). We also included the average humber of
stressors that participants experienced over the EMA assessment. To assess stressors, at the
end of each day, participants reported whether they had 1) a social interaction that made
them feel irritated, hurt or annoyed, 2) thought about a relationship problem or worry about
someone, and 3) anything else happen that they would consider stressful (1 = yes, 0 = no).
Items were summed and averaged across all days to give one score of average stress. Finally,
participants were asked whether they had ever been diagnosed with any of the following
health problems: 1) high blood pressure or hypertension, 2) diabetes or high blood sugar,

3) cancer or tumor, 4) chronic lung disease, 5) heart problems, 6) stroke, 7) arthritis or
rheumatism, and 8) osteoporosis (0 = did not have this problem, 1 = has this problem). Items
were summed to indicate the total number of health conditions each participant had.

Analytic Strategy

Results

We used OLS regression models to analyze associations between affect variability and sleep
behavior. Dependent variables were hours of sleep, sleep quality, and morning tiredness.
First, each dependent variable was regressed on NA variability and relevant covariates.
These covariates included age, gender, education, race, marital status, average stress, and
chronic conditions. Then, mean NA was added to each model to assess the relationship
between NA variability and each sleep variable above and beyond mean levels of NA. These
analyses were then repeated for PA.

Descriptive Statistics

Of the 288 participants with sufficient EMA data, 11 people were missing data on the
“stressor” covariate (asked at the end of the day). The final sample consisted of 277 people
with data for all variables of interest. Over the six day period, people reported higher mean
levels of PA (M= 3.45) than NA (M= 1.23) ({276) = 41.95, p<.001), where reports of
negative affect were generally quite low. Given the low ratings of negative affect, people
also experienced greater PA variability (M= 0.37) than NA variability (M= 0.20) ({276) =
16.02, p<.001). Mean NA and mean PA were negatively correlated, indicating that people
with higher mean NA tended to report lower overall mean PA (r=-0.36, p<.001). In
contrast, NA variability and PA variability were positively correlated (= 0.44, p<.001),
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such that people who fluctuated more in positive affect also fluctuated more in negative
affect. Additionally, mean NA was positively correlated with NA variability (r=0.72, p
<.001) and PA variability (r= 0.25, p<.001), meaning that participants who generally
experienced more negative affect were also more variable. Mean PA was negatively
correlated with NA variability (r=-0.25, p <.001) and PA variability (r=-0.17, p=.01),
meaning more positive participants typically were less variable. Correlations and descriptive
statistics of all variables of interest are shown in Table 1.

Affect Variability and Sleep

Hours of sleep.—In regression models examining negative affect variability and hours of
sleep, higher NA variability was not associated with fewer hours of sleep (6= -0.64, p=
.09) (Table 3, Model 1). After adding mean NA into the model, higher NA variability was
still not significant (Model 2). For PA, higher PA variability was not significantly associated
with fewer hours of sleep (6= -0.57, p=.08) when not adjusting for mean PA (Table 3,
Model 1). After adding mean PA into the model, higher PA variability was significantly
associated with fewer hours of sleep (6=-0.65, p=.04; Table 3, Model 2).

Morning tiredness.—Similar to patterns found between affect variability and hours of
sleep, higher NA variability was significantly associated with greater morning tiredness (6
=0.91, p=.004) in a model not adjusting for mean NA (Table 4, Model 1). After including
mean NA to the model, NA variability was no longer significant (Model 2). Higher PA
variability was significantly associated with greater morning tiredness both without and with
the inclusion mean levels of PA in the model (Table 5, Models 1 and 2). Of note, including
hours of sleep as an additional covariate did not change the pattern of significant findings in
these models.

Sleep quality.—Higher negative affect variability was associated with worse sleep quality
(b=-0.77, p=.018) when not adjusting for mean NA (Table 6, Model 1), but no longer

so when mean NA was included (Model 2). Unlike associations with hours of sleep, PA
variability was not associated with sleep quality in models either with or without adjusting
for mean PA (Table 7, Models 1 and 2).

Follow-up Tests

The prior analyses examined questions related to more stable characteristics; people who
have greater affect variability in general also have poorer sleep in general. We conducted
models to examine the directionality of these effects and tested for lagged associations
(i.e., whether quality or hours of sleep predicted next day’s affect variability, and vice
versa). We estimated three multilevel models treating the three nightly sleep ratings as

the outcomes, predicted by prior day’s positive and negative affect variability. Multi-level
models examined the data nested as days (level 1) within people (level 2). For affect
variability predicting next night sleep, daily affect variability and mean affect were centered
around a person’s mean and entered in as level 1 predictors of sleep variables. Because
morning reports of sleep captured sleep the previous night, morning reports were lagged
minus one day. These models did not show significant daily associations, perhaps because
within-person variability in sleep is lower than between-person variability.

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.
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We also examined whether poorer sleep in a given night predicted greater affect variability
the following day, with sleep quality, hours of sleep, and morning tiredness each centered
around a person’s mean and entered as level 1 predictors of affect variability. Results

of these models indicated no clear relationship between daily affect variability and daily
sleep, perhaps again due to lower within-person variance for sleep in the models. See
supplementary tables 1 and 2 for results.

Discussion

The current findings indicate that positive affect variability in general had a significant and
meaningful association with sleep in older adults. Consistent with previous work showing
that higher affect variability is detrimental for physical and psychological well-being, e.g.,
[7, 8], greater affect variability was related to poorer sleep. Specifically, greater positive
affect variability was associated with sleeping fewer hours and waking up feeling tired, even
after adjusting for mean levels of affect. Although greater negative affect variability was
associated with worse sleep quality and greater morning tiredness, this relationship did not
hold once mean negative affect was added into the model.

These findings join a growing body of literature that show that positive affect variability

in particular has important implications for health and well-being [5]. High levels of

mean positive affect were generally associated with better sleep, whereas variability in
positive affect was associated with worse sleep. This study reinforces current theory

that higher positive emotion is adaptive if it is stable over time, but not if it is highly
variable [6]. Researchers have coined the term “fragile positive affect” to describe positive
affect variability, and they hypothesize that this variability may be a sign of maladaptive
functioning and the inability to regulate emotions in older adulthood [17]. Relative to stable
positive affect, fragile positive affect may be harmful because it involves extreme highs
and lows which have been shown to relate to higher levels of psychological distress [8].
Variability in positive affect may be particularly harmful for older adults, as research has
shown that variability in other life domains (i.e. cognitive functioning) predicts declines in
cognition, physical health, and mortality. Variability in affect may therefore be an indicator
of vulnerability and declines in older adulthood.

Interestingly, we did not find a relationship between affect variability and sleep quality (as
opposed to hours of sleep and morning tiredness), indicating that affect variability may not
be harmful for all facets of sleep. The reason for this contrast is unknown; perhaps feelings
of tiredness refers to feelings of fatigue or feelings of restfulness. These feelings, in turn,
may be relate to malaise, or other emotions that would be associated with low positive affect.
In older adults, fatigue reflects many psychosocial factors [37]. In addition, sleep quality
refers to aspects of sleep such as waking or getting up in the night, and may be more related
to other physiological reasons for poor sleep, such as restless leg syndrome, nocturia or other
problems associated with sleep disturbances that are common in old age [38].

Given the cross-sectional nature of the findings, the causal direction is unknown. One
possibility is that affect variability may influence subsequent sleep. Greater variability in
emotion, in particular positive emotion, is associated with increased physiological and
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cognitive arousal [22]. These increases in arousal may in turn lead to poor sleep. This may
be particularly harmful for older adults, given that older age is accompanied by reduced
physiological flexibility. Additionally, affect variability may be an indication of poor affect
regulation. Difficulties in regulating positive emotions have been shown to contribute to
disturbances in sleep onset latency, and greater fluctuations in positive affect may confer
vulnerability to poor sleep [39]. Another possibility is that poor sleep may also impact
affect variability. Inadequate sleep may increase vulnerability in older adults that renders
them unable to use their emotion regulation strategies in the face of negative events,

thus leading to greater affect variability. Thus, poor sleep may promote increased affect
variability through an inability to control emotion in response to daily experiences.

In contrast to positive affect, greater variability in negative affect was associated with fewer
hours of sleep, greater morning tiredness, and worse sleep quality, only when mean levels
were not considered. After adjusting for mean levels of negative affect, the associations
between negative affect variability and sleep disappear. These findings are consistent with
results from previous studies demonstrating that positive affect variability, but not negative
affect variability, is associated with health and well-being independently of mean levels of
affect [7]. Potential reasons for these findings could be that mean levels of negative affect
and negative affect variability were highly correlated, so any relationship between high
negative affect variability and poor sleep is being driven by mean levels of negative affect.
Alternatively, it could be that there was not enough variability in negative affect to detect
associations with sleep. Older adults experience lower levels of mean negative affect and
affect variability than younger adults [24]. A relationship may exist between negative affect
variability and sleep in a younger population who experience greater amounts of variability
in negative affect.

Limitations and future directions.

The contributions of the study must be qualified by its limitations. First, the sample
consisted of a cross-sectional analysis of (relatively) healthy older adults which prevents
drawing causal claims about the observed associations between affect variability and sleep.
Previously documented birdirectional relations between sleep and affect suggest that affect
variability may very well be both a cause and consequence of poor sleep behavior. This
study provides an important step in understanding the association between affect variability
and sleep, and now further research is needed to disentangle the temporal nature of this
relationship.

Second, due to the fact that participants were part of a large EMA study that assessed
aspects of cognitive, social, and physical health and well-being in daily experiences,
questions were limited to ease participant burden. In particular, questions about sleep
habits were adapted from well-validated scales but have not yet been validated themselves.
Additionally, other factors that are known to influence sleep such as medications, presence
of a sleep disorder, and caffeine consumption were not assessed in this study and thus we
were unable to examine them. Future work should further examine these factors and other
that may account for the relationship between sleep and affect variability.

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.
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Third, these findings relied on self-reports of both affect and sleep. Although self-reports
of sleep correspond with more objective sleep measurements methods including actigraphy
[40], people’s perceptions of their own sleep are subject to report bias. Future work should
extend these findings to incorporate multiple methods, both subjective and objective, to
assess quality and quantity of sleep. Finally, older adults often show significantly lower
levels of variability for both positive and negative affect compared to younger adults, e.g.,
[24]. This low daily variability may have reduced the ability to study daily fluctuations
across five to six days in this older sample. In particular, several negative affect items (e.g.
nervous, irritated) in this study were also indicators of arousal. As these affects are less
often experienced by older adults, this could help explain the low levels of negative affect
variability found in the study. As such, these findings may be particular to older adults, and
need to be examined in younger samples.

In sum, this study joins a growing body of literature that emphasizes the importance of
examining the effects of affect variability on health and well-being and extends current
research by assessing the relationship between affect variability and sleep, a previously
unexplored but important contributor to health and well-being. These results point to

the importance of affect variability, and in particular positive affect variability, as having
important and unique associations with sleep that extend beyond mean levels of affect. This
study underscores the importance of assessing associations between affect variability and
daily health behaviors that have implications for both physical and psychological well-being.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This work was supported by the National Institute on Aging (NIA), Social Networks and Well-being in Late Life:
A Study of Daily Mechanisms (RO1AG046460; Karen L. Fingerman, Principal investigator). This research also was
supported by grant, P2CHD042849 awarded to the Population Research Center (PRC) at The University of Texas at
Austin by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD).

References

1. Foley D, Ancoli-Israel S, Britz P, & Walsh J. (2004). Sleep disturbances and chronic disease in
older adults: results of the 2003 National Sleep Foundation Sleep in America Survey. Journal of
Psychosomatic Research, 56, 497-502. 10.1016/j.jpsychores.2004.02.010 [PubMed: 15172205]

2. Gray EK, & Watson D. (2002). General and specific traits of personality and their relation to
sleep and academic performance. Journal of Personality, 70, 177-206. 10.1111/1467-6494.05002
[PubMed: 11908845]

3. 0Ong AD (2010). Pathways linking positive emotion and health in later life. Current Directions in
Psychological Science, 19, 358-362. 10.1177/0963721410388805

4. Steptoe A, O’Donnell K, Marmot M, & Wardle J. (2008). Positive affect, psychological
well-being, and good sleep. Journal of Psychosomatic Research, 64, 409-415. DOI: 10.1016/
j.jpsychores.2007.11.008 [PubMed: 18374740]

5. Houben M, Van Den Noortgate W, & Kuppens P. (2015). The relation between short-term emotion
dynamics and psychological well-being: A meta-analysis. Psychological Bulletin, 141, 901-930.
DOI: 10.1037/a0038822 [PubMed: 25822133]

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leger etal.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 11

.Ong AD, & Ram N. (2017). Fragile and enduring positive affect: Implications for adaptive aging.

Gerontology, 63, 263-269. doi: 10.1159/000453357 [PubMed: 27974722]

. Jenkins BN, Hunter JF, Cross MP, Acevedo AM, & Pressman SD (2018). When is affect

variability bad for health? The association between affect variability and immune response
to the influenza vaccination. Journal of Psychosomatic Research, 104, 41-47. DOI: 10.1016/
j.jpsychores.2017.11.002 [PubMed: 29275784]

. Gruber J, Kogan A, Quoidbach J, & Mauss IB (2013). Happiness is best kept stable: Positive

emotion variability is associated with poorer psychological health. Emotion, 13, 1-16. DOI:
10.1037/a0030262 [PubMed: 23163709]

. Reid KJ, Martinovich Z, Finkel S, Statsinger J, Golden R, Harter K, & Zee PC (2006). Sleep: a

marker of physical and mental health in the elderly. The American Journal of Geriatric Psychiatry,
14, 860-866. DOI: 10.1097/01.JGP.0000206164.56404.ba [PubMed: 17001025]
Stenholm S, Head J. Kivimaki M, Hanson L, Pentti J, Rod N, Clark A, Oksanen T, Westerlund
H, Vahtera J, (2018). Sleep duration and sleep disturbances as predictors of healthy and chronic
disease — free life expectancy between ages 50 and 75; A pooled analysis of three cohorts. The
Journals of Gerontology: Series A, 74, 204-210. DOI: 10.1093/gerona/gly016

. Hardy J, & Segerstrom SC (2017). Intra-individual variability and psychological flexibility: Affect

and health in a National US sample. Journal of Research in Personality, 69, 13-21. 10.1016/
j.jrp.2016.04.002

Zheng Y, Plomin R, & von Stumm S. (2016). Heritability of intraindividual mean and variability
of positive and negative affect: Genetic analysis of daily affect ratings over a month. Psychological
Science, 27, 1611-1619. doi: 10.1177/0956797616669994 [PubMed: 27729566]

Liu Y, Bangerter LR, Rovine MJ, Zarit SH, & Almeida DM (2016). Intrinsic emotional fluctuation
in daily negative affect across adulthood. The Journals of Gerontology: Series B, 73, 100-112.
DOI: 10.1093/geronb/ghw159

Wichers M, Wigman JTW, & Myin-Germeys I. (2015). Micro-level affect dynamics in
psychopathology viewed from complex dynamical system theory. Emotion Review, 7(4), 362—-367.
10.1177/1754073915590623

Chan DK, Zhang X, Fung HH, & Hagger MS (2016). Affect, affective variability, and physical
health: Results from a population-based investigation in China. International Journal of Behavioral
Medicine, 23, 438-446. DOI: 10.1007/s12529-015-9510-2 [PubMed: 26416662]

Human LJ, Whillans AV, Hoppmann CA, Klumb P, Dickerson SS, & Dunn EW (2015). Finding
the middle ground: Curvilinear associations between positive affect variability and daily cortisol
profiles. Emotion, 15, 705-720. DOI: 10.1037/emo0000071 [PubMed: 25938615]

Mroczek DK, Stawski RS, Turiano NA, Chan W, Almeida DM, Neupert SD, & Spiro 111 A. (2013).
Emotional reactivity and mortality: Longitudinal findings from the VA Normative Aging Study.
Journals of Gerontology Series B: Psychological Sciences and Social Sciences, 70, 398-406. DOI:
10.1093/geronb/ght107

Dew MA, Hoch CC, Buysse DJ, Monk TH, Begley AE, Houck PR, ... & Reynolds CF

111 (2003). Healthy older adults’ sleep predicts all-cause mortality at 4 to 19 years of

follow-up. Psychosomatic Medicine, 65, 63—73. 10.1097/01.PSY.0000039756.23250.7C [PubMed:
12554816]

Ong AD, Exner-Cortens D, Riffin C, Steptoe A, Zautra A. & Almeida DM (2013). Linking stable
and dynamic features of positive affect to sleep. Annals of Behavioral Medicine, 46, 52-61. doi:
10.1007/s12160-013-9484-8 [PubMed: 23483378]

Charles ST (2010). Strength and vulnerability integration: A model of emotional well-being

across adulthood. Psychological Bulletin, 136, 1068-1091. DOI: 10.1037/a0021232 [PubMed:
21038939]

O’Leary K, Bylsma LM, & Rottenberg J. (2017). Why might poor sleep quality lead to
depression? A role for emotion regulation. Cognition and Emotion, 31, 1698-1706. DOI:
10.1080/02699931.2016.1247035 [PubMed: 27807996]

Morin CM, Rodrigue S, & Ivers H. (2003). Role of stress, arousal, and coping skills in

primary insomnia. Psychosomatic Medicine, 65, 259-267. 10.1097/01.PSY.0000030391.09558.A3
[PubMed: 12651993]

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leger etal.

Page 12

23. Burgard SA, & Ailshire JA (2009). Putting work to bed: stressful experiences on the job and sleep
quality. Journal of Health and Social Behavior, 50, 476-492. doi: 10.1177/002214650905000407
[PubMed: 20099452]

24. Rocke C, Li SC, & Smith J. (2009). Intraindividual variability in positive and negative affect over
45 days: Do older adults fluctuate less than young adults?. Psychology and Aging, 24, 863. DOI:
10.1037/a0016276 [PubMed: 20025402]

25. Hultsch DF, MacDonald SW, Hunter MA, Levy-Bencheton J, & Strauss E. (2000). Intraindividual
variability in cognitive performance in older adults: comparison of adults with mild dementia,
adults with arthritis, and healthy adults. Neuropsychology, 14, 588-598. [PubMed: 11055261]

26. Fillo J, Alfano CA, Paulus DJ, Smits JAJ, Davis ML,Rosenfield D, ... Zvolensky MJ
(2016). Emotion dysregulationexplains relations between sleep disturbance and smoking quit-
relatedcognition and behavior. Addictive Behaviors, 57, 6-12. 10.1016/j.addbeh.2016.01.013
[PubMed: 26827153]

27. Pilcher JJ, Ginter DR, & Sadowsky B. (1997). Sleep quality versus sleep quantity: relationships
between sleep and measures of health, well-being and sleepiness in college students. Journal of
Psychosomatic Research, 42, 583-596. [PubMed: 9226606]

28. Fingerman KL, Huo M, Charles ST, & Umberson DJ (2019). Variety Is the spice of late life: Social
integration and daily activity. The Journals of Gerontology: Series B. 10.1093/geronb/ghz007

29. Scott SB, Graham-Engeland JE, Engeland CG, Smyth JM, Almeida DM, Katz MJ, ... & Sliwinski
MJ (2015). The effects of stress on cognitive aging, physiology and emotion (ESCAPE) project.
BMC Psychiatry, 15(1), 146. [PubMed: 26138700]

30. Buysse DJ, Reynolds CF I1l, Monk TH, Berman SR, & Kupfer DJ (1989). The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry research, 28,
193-213. 10.1016/0165-1781(89)90047-4 [PubMed: 2748771]

31. Aloba OO, Adewuya AO, Ola BA, & Mapayi BM (2007).Validity of the Pittsburgh Sleep
Quality Index (PSQI) among Nigerian university students. Sleep Medicine, 8, 266-270. 10.1016/
j.sleep.2006.08.003 [PubMed: 17368977]

32. Monk TH, Reynolds CF I11, Kupfer DJ, Buysse DJ, Coble PA, Hayes AJ, ... & Ritenour AM
(1994). The Pittsburgh sleep diary. Journal of Sleep Research, 3, 111-120.

33. Smith MT, & Wegener ST (2003). Measures of sleep: the insomnia severity index, medical
outcomes study (MOS) sleep scale, Pittsburgh sleep diary (PSD), and Pittsburgh sleep quality
index (PSQI). Arthritis Care & Research: Official Journal of the American College of
Rheumatology, 49(S5), S184-S196.

34. Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lichstein KL, & Morin CM
(2012). The consensus sleep diary: standardizing prospective sleep self-monitoring. Sleep, 35,
287-302. DOI: 10.5665/sleep.1642 [PubMed: 22294820]

35. Watson D, Clark LA, & Tellegen A. (1988). Development and validation of brief measures of
positive and negative affect: the PANAS scales. Journal of Personality and Social Psychology, 54,
1063-1070. 10.1037/0022-3514.54.6.1063 [PubMed: 3397865]

36. Shaver P, Schwartz J, Kirson D, & O’connor C. (1987). Emotion knowledge: further exploration
of a prototype approach. Journal of Personality and Social Psychology, 52, 1061-1086.
10.1037/0022-3514.52.6.1061 [PubMed: 3598857]

37. Hawker GA, French MR, Waugh EJ, Gignac MAM, Cheung C, & Murray BJ (2010). The
multidimensionality of sleep quality and its relationship to fatigue in older adults with painful
osteoarthritis. Osteoarthritis and Cartilage, 18, 1365-1371. DOI: 10.1016/j.joca.2010.08.002
[PubMed: 20708004]

38. Zdanys KF, & Steffens DC (2015). Sleep disturbances in the elderly. Psychiatric Clinics, 38,
723-741. DOI: 10.1016/j.psc.2015.07.010 [PubMed: 26600105]

39. Palmer CA, & Alfano CA (2017). Sleep and emotion regulation: an organizing, integrative review.
Sleep Medicine Reviews, 31, 6-16. DOI: 10.1016/j.smrv.2015.12.006 [PubMed: 26899742]

40. Landis CA, Frey CA, Lentz MJ, Rothermel J, Buchwald D, & Shaver JL (2003). Self-reported
sleep quality and fatigue correlates with actigraphy in midlife women with fibromyalgia. Nursing
Research, 52, 140-147. 10.1097/00006199-200305000-00002 [PubMed: 12792254]

J Psychosom Res. Author manuscript; available in PMC 2022 January 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Leger etal.

Page 13

Highlights
. The study examined associations between positive and negative affect
variability and sleep
. Greater variability in daily positive affect is associated with getting fewer

hours of sleep and greater morning tiredness even after adjusting for mean
levels of affect

. Greater negative affect variability is associated with sleep, but these
associations were no longer significant once adjusting for mean negative
affect

. Findings highlight the downside of variability, or fragility, of positive affect.
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Table 1

Descriptive Statistics Among Main Variables of Interest

1. NA Mean
2. PA Mean

3. NA Variability
4. PA Variability
5. Hours of Sleep
6. Morning Tiredness

7. Sleep Quality

Page 14

M  SD  Range 1 2 3 4 5 6 7
123 030 1.00-273 -
345 073 100-500 _o36%** -
020 016 000-085 (70*** _g30™** -
037 018 000-109 (25** _017** Qaa*** -
330 092 120-540  -0.07 -008  _g12*  _014” -
205 073 100-450 g3** _g21* 028" 024" -019™" -
309 074 133-500 _g23™™ 020" -020" 014" 042" -042"" -

*
p<.05

Aok

p<.01

Hok:

*
p<.001

Note. PA = positive affect, NA = negative affect. PA and NA variability were calculated by taking the standard deviation for all NA scores (and PA
scores, respectively) across all time points for each person so that each person received one standard deviation score to reflect affect variability.
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Table 2

OLS regression models with negative affect variability and hours of sleep

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Variable Model 1 NA Variability Model 2 NA Variability + Mean NA
b SE 95% ClI b SE 95% ClI
Intercept 063 072 122,404 549%™ 076 1.01,3.98
NA Mean -- - - 0.15 0.26 -0.36, 0.67
NA Variability _g64! -037 -137,010 -0.85 052  -188,0.18
Gender (ref=female) -0.10 0.12 -0.35,0.14 -0.11 0.13 -0.35,0.14
Age 0.01 0.01 -0.01,0.02 0.01 0.01 -0.01, 0.02
Education 0.03 0.04 -0.05,0.10 0.03 0.04 -0.05, 0.10
Race (ref = non-white) 0.25 0.15 -0.05,0.54 0_257‘ 0.15 -0.05, 0.55
Marital Status (ref = never married)  gog*  0.13  0.03,053 0.27% 0.13 0.02, 0.52
Number of stressors 0.00 0.27  -0.53,0.54 -0.01 0.27 -0.54,0.55
Chronic Conditions -0.02 0.04 -0.10,0.07 -0.02 0.04 -0.10, 0.07

Note. NA = negative affect.
fp<.10

*
p<.05

Aok

p<.01

+ok

*
p<.001
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Table 3

OLS regression models with positive affect variability and hours of sleep

Variable Model 1 PA Variability Model 2 PA Variability + Mean PA
b SE 95% ClI b SE 95% ClI
Intercept 575%** 073 132,418  343***  0.80 1.86,5.01
PA Mean - - - _015* 008  -0.31,-0.00
PA Variability _o57/ 032 -120,006 _pg5* 032  -1.28,-0.02
Gender (ref=female) -0.18 0.13 -0.36,0.13 -0.14 0.13 -0.38,0.11
Age 001 001 -001,002 001 001  -0.01,0.02
Education 0.02 0.04 -0.06,0.10 0.02 0.04 -0.06, 0.09
Race (ref = non-white) 0.23 0.15 -0.07,0.53 0.21 0.02 -0.08, 0.51
Marital Status (ref =
never married) 026* 013 0.01,052 0.29% 0.13 0.04, 0.55
Number of stressors -0.03 0.10 -0.22,0.17 -0.05 0.10 -0.25, 0.14
Chronic Conditions -0.02 0.04 -0.10,0.06 -0.03 0.04 -0.11, 0.05

Note. PA = positive affect.

fp<.10
*
p<.05

Aok

p<.01

Aok

p<.001
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Table 4

OLS regression models with negative affect variability and morning tiredness

Variable Model 1 NA Variability Model 2 NA Variability + Mean NA
b SE 95% ClI b SE 95% ClI

Intercept 170™* 054 066,274 119 0.56 0.01,2.21
NA Mean - - - 065%* 020 0.26,1.04
NA Variability 091 031 0.00,1.52 0.11 0.39 -0.66, 0.88
Gender (ref=female) -0.18 0.09 -0.36,001 _goo* 0.09 -0.39, -0.02
Age -0.01 0.01 -0.020.01 -0.01 0.01 -0.02, 0.01
Education 0.04 0.03 -0.02,0.09 0.05 0.03 -0.01,0.10
Race (ref = non-white) 0.08 0.11 -0.14,0.31 0.12 0.11 -0.11,0.34
Marital Status (ref = never married) -0.04 0.10 -0.23,0.15 -0.05 0.09 -0.23,0.14
Number of stressors 0147 0.08 -0.03,0.31 0.07 0.09 -0.09, 0.24
Chronic Conditions 0117 003 005017 q** 0031 005017

Note. PA = positive affect.

fp<.lO
p<.05

Hok

p<.01

Aok

*
p<.001
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Table 5

OLS regression models with positive affect variability and morning tiredness

Variable Model 1 PA Variability Model 2 PA Variability + Mean PA
b SE 95% ClI b SE 95% ClI

Intercept 152%* 055 044,259  5q5** 060 0.97,3.33
PA Mean - - - _014* 006  -0.25,-0.03
PA Variability 074%* 024 027,122  g7** 024 0.19,1.14
Gender (ref=female) -0.15 0.09 -0.34,0.03 _0.177‘ 0.09 -0.35, 0.01
Age -0.01 0.01 -0.02,0.01 -0.01 0.01 -0.02, 0.01
Education 0.04 0.03 -0.01,0.10 0.04 0.03 -0.01,0.10
Race (ref = non-white) 0.11 0.11 -0.120.33 0.09 0.11 .13,0.31
Marital Status (ref = never married) -0.03 0.10 -0.22,0.16 0.00 0.10 -0.19, 0.19
Number of stressors 021 007 0.06,0.36 0.12% 0.07 0.04,0.33
Chronic Conditions 012%** 003 006,018 (qp** 003 0.05,0.17

Note. PA = positive affect.

fp<,10
*
p<.05

Hok

p<.01

HokA

p<.001
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OLS regression models with negative affect variability and sleep quality

Table 6

Variable Model 1 NA Variability Model 2 NA Variability + Mean NA
b SE 95% ClI b SE 95% ClI

Intercept 375%** 056 263,486  443** 059 2.96,5.29
NA Mean - - - _044* 021  -085,-0.02
NA Variability —077% 032 -141,-013  -0.23 041  -1.04,058
Gender (ref=female) -0.08 0.10 -0.27,0.11 -0.06 0.10 -0.26, 0.13
Age -0.01 0.01 -0.02,0.01 0.00 0.01 -0.02, 0.01
Education -0.01 0.03  -0.07,0.05 -0.02 0.03 -0.07, 0.04
Race (ref = non-white) 0.08 0.12 -0.15,0.32 0.06 0.12 -0.17, 0.30
Marital Status (ref = never married)  go9* 010  0.01,0.40 021% 0.10 0.01, 0.40
Number of stressors -005 0.09 -0.22,0.13 0.00 0.09 -0.18,0.17
Chronic Conditions _009** 003 -015-002 _gpg** 003  -0.15,-0.03

Note. NA = negative affect.

fp<.10
*
p<.05

*:

*
p<.01

Aok

p<.001
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Table 7

OLS regression models with positive affect variability and sleep quality

Variable Model 1 PA Variability Model 2 PA Variability + Mean PA
b SE 95% ClI b SE 95% ClI
Intercept 3.77*** 058  2.64,4.90 3.06%** 0.63 1.82,4.30
PA Mean -- - -- 0.16™* 0.06 0.04,0.28
PA Variability -0.38 025 -0.88,0.12 -0.29 0.25 -0.79,0.21
Gender (ref=female) -0.10 0.10 -0.29, 0.09 -0.08 0.10 -0.27,0.11
Age 0.00 0.01 -0.02,0.01 0.00 0.01 -0.02,0.01
Education -0.01 0.03 -0.07,0.05 -0.01 0.03 -0.06, 0.05
Race (ref = non-white) 0.07 0.12 -0.16,0.31 0.09 0.12 -0.15, 0.32

Marital Status (ref = never married) 021* 010 0.01,041 0.187 0.10 -0.02, 0.38

Number of stressors 0.12 0.08 0.28,0.03 0.10 0.08 0.25, 0.05
Chronic Conditions 010 003 0.16,0.03 0.09%" 0.03 0.15, 0.03

Note. PA = positive affect.
fp<.10

*
p<.05

Aok

p<.01

+ok

*
p<.001
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