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Association between prior-night sleep =2
and next-day fatigue in older adults: a daily
diary study
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Abstract

Background Fatigue is known as an element of frailty. Sleep problems (e.g., short sleep duration and low sleep
quality) can increase fatigue, but the day-to-day relationship between sleep and fatigue has not been studied well in
older adults. Using a daily diary method, this study examined the within- and between-person associations between
sleep and fatigue in older adults.

Methods The study recruited 56 Japanese community dwellers (age: 82-86 years; female: 37.5%). Participants
responded to a daily diary questionnaire at the end of each day. Over seven days, time in bed and satisfaction were
measured after waking up, whereas fatigue was assessed before going to bed. We included person-level covariates
(demographic factors, and physical and mental health) and day-level covariates (time in study, and positive and
negative emotions). Multilevel models were estimated to examine within- and between-person associations.

Results At the within-person level, on days following short and long time in bed and days following low levels of
sleep satisfaction, individuals felt higher levels of fatigue compared with usual days. At the between-person level, no
statistically significant differences in fatigue were observed between individuals with long and short time in bed.

Conclusions The findings suggest that prior-day sleep is associated with next-day fatigue in older adults. Long and
short sleep duration and low sleep quality can lead to fatigue. Considering that sleep is a modifiable health behavior,
appropriate management of sleep behavior may reduce fatigue.
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Background

Fatigue has been considered one of the core elements of
frailty that indicate the status of physiological vulnerabil-
ity to stressors associated with aging [1, 2]. The majority
of studies have operationalized and measured fatigue as
a “general feeling of tiredness” [3] and revealed the asso-
ciation between fatigue and adverse health outcomes,
such as disability and mortality [4—7]. Thus, accumulative
evidence indicates that fatigue represents one of the indi-
cators of decreased physiological flexibility associated
with aging [8, 9]. In fact, several studies have reported
the high prevalence of fatigue in older adults [10-12].
The mechanisms underlying fatigue remain unclear, but
researchers [8, 13] have proposed biological (e.g., inflam-
matory mediators) and psychological factors (e.g., mood
disorders). Exploring possible factors involved in the
occurrence of fatigue may provide suggestions for the
formulation of approaches to improve interventions for
fatigue.

Prior research has focused on sleep behavior as a
potentially relevant factor in fatigue, given that sleep
problems become more prevalent in old age and can lead
to adverse health outcomes [14]. Cross-sectional studies
incorporating older patients with cancer or osteoarthritis
reported that sleep problems (i.e., low sleep quality and
sleep disturbance) were associated with fatigue [15, 16].
A longitudinal study on older patients has demonstrated
that the improvement of insomnia predicts reduced
fatigue [17]. Moreover, longitudinal studies on commu-
nity-dwelling older adults revealed that sleep problems
(i.e., sleep disturbances, such as difficulty in falling asleep,
difficulty in staying asleep, and short sleep duration) pre-
dicted fatigue [18, 19]. These studies have suggested that
sleep behavior is associated with fatigue in older adults.
However, several questions warrant further inquiry.

First, it remains unclear whether the existing findings
obtained from between-person comparisons can be gen-
eralized to within-person associations [20, 21]. Specifi-
cally, the majority of studies have compared people with
and without sleep problems and have indicated that peo-
ple with sleep problems were more likely to experience
fatigue [12, 18, 19]. In daily life, however, sleep behavior
fluctuates on a daily basis. In other words, one may or
may not sleep well for several days. To address the limi-
tations of previous studies that have adopted a between-
person comparison, recent studies utilize a within-person
comparison that compares days with and without sleep
problems. For example, a few studies examined the day-
to-day relationship between sleep and fatigue in mid-
dle-aged adults [22, 23]. DePasquale and colleagues [23]
asked middle-aged female workers via telephone inter-
views for eight evenings to rate sleep using a part of the
Pittsburgh Sleep Quality Index (PSQI) [24] and fatigue
using a single item. Harris and colleagues [22] asked
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middle-aged adults with and without sleep disorders via
daily diaries for two weeks to rate sleep using Consen-
sus Sleep Diary [25] every morning and fatigue using a
visual analog scale every evening. Despite these meth-
odological differences (e.g., data collection procedures
and measures), these studies consistently reported that
short sleep duration and low sleep quality were associ-
ated with more fatigue at the within-person level but
that the relationship was observed for sleep quality, but
not sleep duration, at the between-person level. Specifi-
cally, on days following a short sleep duration and low
sleep quality, individuals felt more fatigue compared with
typical days [22, 23]. In contrast, when comparing people
with long and short sleep duration, no interindividual
difference was found in the levels of fatigue. The previ-
ous findings highlight the importance of distinguishing
within- and between-person associations in investigating
the relationship between sleep and fatigue.

Second, whereas the abovementioned studies indi-
cate that sleep problems increase fatigue in middle-aged
adults [22, 23], the daily association between sleep and
fatigue has been less studied in older adults. A handful
of studies suggest long sleep duration may also increase
fatigue in older adults. At the between-person level, one
study [26] conducted a cross-sectional study and sug-
gested that middle-aged and older adults with short and
long sleep duration reported higher levels of fatigue than
those with intermediate sleep duration. In the earlier
study, sleep was objectively measured using wrist actig-
raphy, and fatigue was assessed using multiple items,
including the Pittsburgh Fatigability Scale [27]. At the
within-person level, another study used experience sam-
pling methods and examined associations between sleep
and affect balance, indexed as the difference between
positive and negative emotions, in a lifespan sample [28].
Sleep duration was assessed using a single-item scale.
Although fatigue was not directly measured, the previous
study revealed that affect balance in the mornings dete-
riorated not only on days following short sleep duration
but also on days following long sleep duration. Wrzus
and colleagues [28] further found that such a curvilinear
association between sleep duration and affect balance
was more evident in older adults than younger adults.
In sum, although prior research has suggested a poten-
tial within-person association between short and long
sleep duration and fatigue, the day-to-day relationship
between sleep and fatigue has not been studied well in
older adults.

To fill the gap, this study used a daily diary method and
examined the relationship between sleep and fatigue in
older adults by distinguishing between- and within-per-
son levels. We hypothesized that individuals would feel
high levels of fatigue on days following short and long
sleep duration.
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Methods

Participants and procedures

We conducted this study between 2014 and 2015 as a
substudy within an ongoing longitudinal study on com-
munity dwellers [29]. The longitudinal study has been
conducted at 3- to 4-year intervals since 2011 in four
regions in Japan, namely, western-rural, western-urban,
eastern-rural, and eastern-urban regions. This daily diary
study was conducted only in the two eastern regions.
The participants of the longitudinal study were recruited
from residential registries and contacted via postal mail.
They were invited to participate in the longitudinal
study at a survey venue near their homes and gave their
informed consent. The exclusion criterion was having
been certified as requiring care level 2 or higher in the
public long-term care insurance system, indicating physi-
cal and cognitive impairments [30].

In this study, we obtained additional written informed
consent from the participants at the survey venue. The
participants received compensation of approximately 8
USD, which was installed at approximately 4 USD before
and after the diary survey. This study was approved by
the research ethics review committee of Behavioral Divi-
sion, Graduate School of Human Sciences, Osaka Univer-
sity (26—036).

At baseline, the participants responded to a question-
naire that measures person-level variables (e.g., living
arrangements). They were further instructed to respond
to the daily diary. Over seven days beginning with the
next day after the baseline survey, the participants
responded to the daily diary that assesses day-level vari-
ables (e.g., sleep and fatigue) two times per day, namely,
after waking up and before going to bed. The participants
returned the daily diary via mail after completing the
7-day diary.

To assess day-to-day fluctuations (i.e., an individual-
specific deviation from the person—mean; for details,
see the Data preparation section), we selected 56 out of
73 participants who responded to the daily diary for at
least 2 days (age: mean [M]=83.23, standard deviation
[SD]=1.06, range: 82—86 years; female: 37.5%). An ear-
lier study [23] also adopted this procedure. Out of a total
of 392 days (56 participants X 7 days), on average, the
participants responded 6.88 times (SD=0.69) and 6.98
times (SD=0.13) after waking up and before going to bed,
respectively.

To evaluate potential selection bias, 17 respondents,
who were excluded from analysis because of nonresponse
to the daily diary, were compared with those included
in the subsequent analysis. The result indicated that
the proportion of women was higher in the excluded
respondents (y? (1) = 3.92, p=.048; female: 64.7% for
nonrespondents). However, no significant difference was

Page 3 of 9

observed in age (t(71)=1.23, p=.224; M=83.59, SD=1.00
for nonrespondents).

Measures

Outcome variable

We measured fatigue as the outcome variable every day
before going to bed using the one item, “tired,” from the
four-item fatigue subscale of the expanded version of the
Positive Affect-Negative Affect Schedule (PANAS-X) [31,
32]. The participants were asked about the emotion they
felt during a given day, with responses ranging from 1 =
“never” to 6 = “very frequently” for the item.

Earlier studies used the subscale of the PANAS-X as
an indicator of fatigue [33, 34]. In the present study, the
multilevel confirmatory factor analysis showed that the
between- and within-person standardized factor load-
ings were high (0.939 and 0.771) for the item “tired”
However, whereas the between-person factor loadings
were moderate to high for the items “sluggish,” “sleepy,’
and “drowsy” (0.397, 0.615, and 0.846, respectively), the
within-person factor loadings were low (0.315, 0.226, and
0.300, respectively). Additionally, the reliability coeffi-
cients were high (w=0.810) at the between-person level
but low (w=0.378) at the within-person level. Based on
these results, we chose the item “tired” as the indicator
of fatigue.

Predictive variables

Sleep behavior during the prior night was measured as
the predictive variable every day after waking up. Fol-
lowing previous studies [35, 36], the participants were
instructed to record bedtime and waking time, and the
time spent in bed between bedtime and waking time was
operationalized as sleep duration. Furthermore, a prior
study reported that the quantity and quality of sleep are
associated with positive and negative emotions [37]; thus,
we also measured sleep satisfaction. Considering earlier
studies [38, 39], the participants responded from 1 = “I
am not satisfied” to 5 = “I am satisfied” to the question,
“How satisfied were you with your sleep last night?”

Person-level covariates

Demographic factors, including age, gender (0=male;
1=female), and living arrangements (0=/iving with oth-
ers; 1=living alone), were measured as person-level
covariates, which can be correlated with sleep and
fatigue. In addition, we measured physical and mental
health, given that previous studies included physical and
mental health as relevant factors that may be associated
with sleep and fatigue [18, 19, 26].

Physical health was assessed using instrumental inde-
pendence, which is a subscale of the Tokyo Metropolitan
Institute of Gerontology Index of Competence [40, 41].
Previous studies have used the subscale as an index of
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instrumental activities of daily living [42—44]. The par-
ticipants were asked if they could perform five activities
(e.g., using public transportation and shopping) using a
dichotomous response scale. The summary scores ranged
from 0 to 5, with high scores indicating better physical
health.

Mental health was measured using the Japanese version
of the WHO-Five Well-Being Index (WHO-5-]) [45, 46].
The WHO-5-] consists of five questions and has been
used as a screening tool for depression. The participants
were asked about their mental health during the past two
weeks and gave responses ranging from 0 = “at no time”
to 5 = “all of the time” to each question. The summary
scores ranged from O to 25, with high scores indicating
better mental health.

Day-level covariates
In this study, time was considered the day-level covariate
that may be correlated with sleep and fatigue. The first
day of the daily diary was coded as 0, whereas the final
day was coded as 6. Thus, one unit of time in study cor-
responded to 1 day.

Moreover, previous studies [23, 47, 48] suggested that
daily emotions were associated with sleep and fatigue.
Thus, the current study included positive and negative
emotions as day-level covariates. Daily emotions were
measured every day before going to bed using PANAS
[49, 50]. PANAS consists of a total of 16 items, with eight
items representing positive or negative emotions. The
participants were asked about the emotions they felt dur-
ing a given day, with responses ranging from 1 = “never”
to 6 = “very frequently” to each item. In the subsequent
analysis, the total scores of each subscale of positive and
negative emotions were calculated and divided by 8 (i.e.,
the total number of items per subscale), with scores rang-
ing from 1 to 6.

Data analysis

Data preparation

To distinguish between- and within-person associations,
time-varying predictive variables and covariates were
grouped into two components: between-person differ-
ences and within-person variations. The classification is
based on standard procedures for the analysis of inten-
sive longitudinal data [21, 51]. Specifically, a between-
person component was defined as the within-person
average score of repeatedly measured data nested within
individuals. In addition, a within-person component was
defined as the deviation of an individual from the within-
person average levels at each measurement point. For
example, time in bed was converted into two variables,
namely, the time-invariant variable of person—mean lev-
els of time in bed (e.g., 8 h) and the time-varying vari-
able of deviation from the person—-mean time in bed
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across seven days (e.g., —2 and 1 h). Moreover, the cen-
tering of person-level predictor variables and covariates
at sample means enabled the interpretation of intercepts
and estimates in the multilevel model as a prototypical
individual.

Multilevel models

To examine how sleep and fatigue are associated sepa-
rately at the between-person and within-person levels,
we fitted the multilevel models to data where the 7-day
data were nested within individuals.

First, the unconditional means models were speci-
fied for the day-level variable to calculate interclass
correlation coefficients (ICCs). ICCs refer to the ratio
of between-person variance to the total variance, and
higher values indicate that the variables of interest are
more stable over time.

To evaluate the Level 1 (within-person) and 2
(between-person) effects of sleep on fatigue, the Level 1
model was specified as follows.

Level I:

fatigue,; =P+, (time in study,;) + B, (within-person
positive emotions,;) + s (within-person nega-
tive emotions,) + [y(within-person time in
bed, ;) + Ps(within-person time in bed’,_;) +
Bei(within-person sleep satisfaction,_;;)+e,;

where fatigue,; denotes the degree of fatigue of person i
on day ¢ and is specified as a function of B, which refers
to an individual-specific intercept parameter; 3;; repre-
sents an individual-specific parameter of changes per day;
B,; characterizes an individual-specific coupling between
fatigue and the within-person component of positive
emotions; Pg; stands for an individual-specific coupling
between fatigue and the within-person component of
negative emotions; f,; captures an individual-specific lin-
ear association between the within-person component of
prior-night time in bed and next-day fatigue; B5; pertains
to an individual-specific curvilinear association between
the within-person component of prior-night time in bed
and next-day fatigue; B represents an individual-specific
association between the within-person prior-night sleep
satisfaction and next-day fatigue; and e, indicates the
first-order autocorrelated residuals.

We note that the time metric centered at the median
during the observation period (i.e., 7 days) is added to the
Level 1 model following Bolger and Laurenceau [51] to
control for time-related changes, which are outside the
scope of the study. Additionally, to control for autode-
pendency across days in time-varying variables, the study
employed the autoregressive covariance structure.

Next, the Level 2 model specified individual-specific
intercepts and associations as follows.
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Level 2:

Boi=Yootyoiage) + yos(gender) + yys(living
arrangements;) + yy,(physical health,) + y,s(mental
health;) + y,e(positive emotions;) + y, negative
emotions;) + yog(time in bed) + yyosleep

satisfaction;)+u,,
Bi=Yio
Boi=Y20
Bsi=V30
Bi=Yao
Bsi=Yso
Bsi=Yso

In the Level 2 model, y denotes person-level intercepts
and associations, whereas u is an individual-specific
deviation from the person-mean intercept. Among
the primary variables in this study, the person-level
(between-person) association between fatigue and time
in bed is denoted by y,, whereas typical within-person
associations are denoted by y,, and ys. In the same man-
ner, the between-person association between fatigue and
sleep satisfaction is denoted by y,,, whereas the typical
within-person association is denoted by y,. Notably, the
between-person curvilinear association between fatigue
and time in bed was statistically nonsignificant from 0.
Thus, we assumed only a linear association. However,
the model converged when assuming u,;, which repre-
sents an individual-specific deviation from the person—
mean intercept of fatigue (B;). Moreover, the individual
deviation was statistically significant, whereas individ-
ual deviation from other parameters (i.e., B;; to Pg;) was
nonsignificant. Thus, we assume that these parameters,

Table 1 Day- and person-level characteristics

M(SD) or % Range ICC
Person-level (Nyerson = 56)
Age (years) 83.23 (1.06) 82-86
Gender (% female) 37.5
Living arrangements 304
(% living alone)
Physical health 4.70 (0.54) 3-5

Mental health
Day-level (N, = 392)

18.21 (4.29) 9-25

Time in bed (hours) 8.03(1.21) 3.67-13.00 0.49
Sleep satisfaction 3.95(1.05) 1-5 0.63
Positive emotions 3.05(0.89) 1-5.63 037
Negative emotions 94 (0.66) 1-4.38 0.68
Fatigue 272(1.12) 1-6 0.46
Number of observations 6.88 (0.68) 2-7

after waking

Number of observations 6.98 (0.13) 6-7

before going to bed

Note. ICC=intraclass correlation coefficient

Higher values indicate better health status and sleep satisfaction, feeling more
emotions and fatigue during the day
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except for B, are invariant across individuals, and the
model does not specify their random effects.

As follow-up analyses, we explored the reversed asso-
ciations to examine whether prior-day fatigue was asso-
ciated with next-day sleep. Due to the lagged design, the
number of observations was reduced: Sleep behavior for
the first day was excluded from analyses because fatigue
was not measured the day before.

The subsequent statistical analyses were performed
using SPSS version 28. Missing data in longitudinal data
were treated as missing at random [52] and were esti-
mated using the maximum likelihood estimation method.
Statistical significance was set to p values<0.05.

Results

Descriptive analysis

Table 1 provides the descriptive statistics of person-
and day-level variables. As for the outcome variable,
the average fatigue was 2.72 (SD=1.12, ICC=0.46). The
within-person range of fatigue was M=0.55 (SD=0.50):
Compared with typical days, the participants reported
2.57 units higher fatigue on several days; they reported
2.14 units lower fatigue on other days. Regarding sleep
behavior, time in bed reached 8.0 h on average (SD=1.2,
ICC=0.49). The within-person range of time in bed was
M=0.4h (§D=0.5): Compared with usual days, on a few
days, the participants slept 3.5 h less; on other days, they
slept 4.4 h longer. Sleep satisfaction at sample mean was
4.0 (SD=1.1, ICC=0.63). The within-person range of
sleep satisfaction was M=0.5 (SD=0.6). As such, com-
pared with typical days, the participants reported 3.0
units lower sleep satisfaction on several days; on other
days, they rated 2.1 units higher sleep satisfaction.

Within- and between-person associations between sleep
and fatigue

Table 2 presents the results of the multilevel model for
the association between sleep and fatigue. At the within-
person level, prior-night time in bed was nonlinearly
associated with next-day fatigue (y5;,=0.06; Panel A in
Fig. 1). Specifically, individuals felt more fatigue on days
following short and long time in bed compared with days
following average time in bed. Furthermore, satisfaction
with prior-night sleep was significantly associated with
next-day fatigue (y,,=—0.11; Panel B in Fig. 1). Specifi-
cally, individuals felt more fatigue on days following low
levels of satisfaction with sleep compared with days fol-
lowing average sleep satisfaction. In terms of the covari-
ates, within-person coupling between same-day negative
emotions and fatigue was observed (y;,=0.47). In other
words, individuals felt more fatigue on days when the
participants perceived high levels of negative emotions
compared with days with average levels of negative emo-
tions. Time in study and the within-person component of
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Table 2 Within- and between-person effects of prior-night sleep
on next-day fatigue

Estimate (SE)
Fixed effects
Level 1T (Within-person effects)
Intercept (mean), Yoo 2.69 (0.09)***
Time in study (day), v 0.00 (0.02)
Same-day positive emotions, y,, -0.11 (0.08)
Same-day negative emotions, ys, 047 (0.09)***
Prior-night time in bed, v, -0.07 (0.06)
Prior-night time in bed?, v, 0.06 (0.03)*
Prior-night sleep quality, yg, -0.11 (0.05)*
Level 2 (Between-person effects)
Age, Yo, -0.02 (0.10)
Gender, y, 0.06 (0.24)
Living arrangements, yo3 -0.27 (0.24)
Physical health, v, 0.30(0.19)
Mental health, yos -0.02 (0.03)
Average positive emotions, Yqs 0.01(0.14)
Average negative emotions, Yy 0.70 (0.22)**
Average time in bed, yg 0.02 (0.10)
Average sleep satisfaction, ygo -0.20(0.15)
Random effects

Level 1
Residual 0.60 (0.06)***
Autocorrelation 0.18 (0.07)*
Level 2
Intercept 0.37 (0.10)***

Note. N=56. Unstandardized estimates are presented with standard errors in
parentheses. Time in study was centered at the median during the observation
period (i.e., seven days), and all between-person variables were centered at
sample means

*p<.05.** p<.01. *** p<.001

positive emotions were not significantly associated with
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fatigue.

At the between-person level, sleep was not significantly
related to fatigue. For the covariates, negative emotions
and fatigue were positively correlated (y,;=0.70), which
indicated that individuals were likely to feel more fatigue
due to more negative emotions during the observation
period compared with typical individuals.

Follow-up analyses

We explored the reversed associations to examine
whether prior-day fatigue was associated with next-
night sleep. As summarized in Supplementary Table 1,
fatigue was not statistically significantly associated with
sleep duration and sleep satisfaction at the between-per-
son and within-person levels. When further examining
fatigue-squared interactions with sleep at the within-
person levels, the associations between fatigue and sleep
remained unchanged across models.

Discussion

Previous research has indicated that sleep problems (e.g.,
short sleep duration and low sleep quality) can increase
fatigue in middle-aged adults [22, 23]. However, the day-
to-day relationship between sleep and fatigue has been
less studied in older adults. Using the daily diary method,
the present study demonstrated that the participants felt
higher levels of next-day fatigue on days with short and
long time in bed compared with usual days, even after
controlling for relevant covariates. These results sup-
ported our hypothesis that individuals would feel high
levels of fatigue on days following short and long sleep
duration. Additionally, the current and previous stud-
ies [22, 23] consistently demonstrated that individuals
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Fig. 1 Within-person association between sleep and fatigue. Panel A shows that, on days following short and long time in bed, they felt more fatigue
compared with days following average time in bed. Panel B demonstrates that, on days following low levels of satisfaction with sleep, they also felt more

fatigue compared with days following average sleep satisfaction
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perceived higher levels of next-day fatigue on days fol-
lowing low levels of sleep satisfaction than usual days,
which suggests that the quantity and quality of sleep are
independently associated with fatigue.

Although we found that prior-night sleep with a long
duration could increase next-day fatigue in older adults,
the underlying mechanisms remain unclear. Several
explanations are possible for the within-person asso-
ciation between long time in bed and fatigue. The first
explanation is the biological mechanism of inflammatory
mediators. Although the causal associations are unclear,
previous studies suggest that inflammation is associated
with neurovegetative symptoms, including sleep and
fatigue [13, 53]. Furthermore, Irwin and colleagues [54]
conducted a meta-analysis on the relationship between
sleep and inflammation and reported that the levels of
inflammation indices, such as C-reactive proteins and
interleukin-6, were higher in people with long sleep dura-
tion than in those with short sleep duration. To date,
however, the majority of existing findings were obtained
from studies that examined between-person association.
Thus, future studies should directly test the biological
mechanism in which inflammation mediates the within-
person association between long sleep and fatigue.

The second explanation is that prolonged time in
bed due to sleep disturbances could cause next-day
fatigue. Sleep disturbances can be characterized by mul-
tiple symptoms, such as increased sleep onset latency,
impaired non-REM sleep, interrupted sleep, and awak-
ening too early in the morning. Indeed, Alfini and col-
leagues [26] examined the between-person association
between objectively measured sleep duration and fatigue
and found that people with prolonged awake time after
sleep onset reported more fatigue. In contrast, the pres-
ent study operationalized sleep duration as the time spent
in bed from bedtime to waking time, following earlier
studies [35, 36]. Thus, we did not assess various aspects
of sleep behavior, such as the time awake until and after
sleep onset. Future research should objectively measure
sleep duration and test whether long sleep duration and
fatigue are associated at the within-person level.

Finally, the third explanation is that pathological con-
ditions might be potentially associated with abnormal
sleep duration and fatigue. Previous studies [12, 18, 19]
suggested that comorbidities and medications were
associated with sleep and fatigue at the between-person
level. Our participants were relatively healthy and we
controlled for physical and mental health, but such path-
ological mechanisms might underlie the day-to-day rela-
tionship between sleep and fatigue.

Strengths and limitations
The strength of this study is that our study sample was
older adults (i.e., 80 years and above). Some studies
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examining the within-person association between sleep
and fatigue incorporated middle-aged adults [22, 23],
whereas another study recruited a lifespan sample but
included only a limited number of older adults aged 70
years and above [28]. Thus, this study could extend the
prior evidence to old age.

However, this study also has several limitations. First,
our participants were the so-called old-old. Further
examinations are required to test the generalizability of
the findings to the general older population by incorpo-
rating individuals from the young-old to the oldest-old.

Second, our sample size was relatively small (i.e., Npeg0n
= 56). Although the number exceeded the minimum in
estimating multilevel models [55], we might lack statisti-
cal power to detect interindividual differences in fatigue.
Future research should determine an adequate sample
size based on power analysis.

Third, the daily diary method may minimize recall bias
but not eliminate it. Although we incorporated relatively
healthy older adults, our participants were very old and
might have subtle cognitive decline. Thus, the partici-
pants could over- or under-estimate self-reports.

Fourth, the measurement of the primary variable
should be refined. In this study, because the within-per-
son level reliability of the four-item fatigue subscale of the
PANAS-X was low (see the Outcome variable subsection
for details), we had to choose one item, “tired” Regard-
ing sleep behavior, earlier studies examining between-
person associations have commonly used the PSQI [24].
However, existing standard measurements of fatigue and
sleep were developed based on studies examining inter-
individual differences. The measures of fatigue and sleep
differed across studies [22, 23], which made it difficult to
compare results across studies. Further examinations are
required to establish measures capturing within-person
processes.

Lastly, there could be unmeasured covariates. For
instance, the previous and current studies [22, 23] did
not assess daytime activities in detail. Cho and colleagues
[56] reported that loneliness was associated with sleep
problems and fatigue in older adults. Thus, social mecha-
nisms, such as the lack of interaction with others during
the daytime, may lead to long sleep duration and fatigue.

Conclusions

Using the daily diary method, this study found that
sleep behavior and fatigue fluctuated on a daily basis
and are associated at the within-person level in older
adults. Specifically, individuals were more likely to
experience fatigue on days following short and long
time in bed and days following low levels of sleep sat-
isfaction compared with typical days. Considering
that sleep is a modifiable health behavior, appropri-
ate management of sleep behavior may reduce fatigue.
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Interventions aimed at managing both sleep dura-
tion and sleep quality should be developed to miti-
gate fatigue in older adults. Such interventions may, in
turn, play a pivotal role in the prevention of frailty.

The majority of studies compared people with and
without sleep problems and examined the between-
person association between sleep and fatigue. In
contrast, recent studies have begun comparing days
when people sleep well and those when they do not
and examine the within-person association. Further
research should investigate between- and within-per-
son associations to better understand daily behaviors,
including sleep and fatigue.
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