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Abstract

Objectives: Studies have reported bidirectional associations of sleep with daily stressors and
negative mood. Yet we know little about how sleep is associated with workers' daily cognitive
interference, or the experience of off-task and distracting thoughts. This study examined whether
nightly sleep was associated with next-day cognitive interference, and vice versa, during workdays
and non-work days.

Design: Daily telephone interviews.
Setting: US information technology workplaces.
Participants: 130 middle-aged employees.

Measurements: On 8 consecutive days, participants reported the frequency of experiencing
off-task and distracting thoughts during the day (0 = neverto 4 = very often) and multiple sleep
characteristics (bedtimes, wake times, sleep duration, sleep quality, and sleep latency). Covariates
included sociodemographic characteristics and work hours.
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Results: Multilevel models revealed that, on days following earlier wake times (8= -0.32, P
<.01), shorter sleep duration (B=-0.27, £<.01), or poorer sleep quality (B=-0.17, P<

.01), participants reported more cognitive interference than usual. That is, waking 19 minutes
earlier and sleeping 16 minutes less were associated with one additional point on the cognitive
interference scale the next day. With cognitive interference predicting nightly sleep, more same
day's cognitive interference was associated with earlier bedtimes (8= -0.19, £< .05) and earlier
wake times (B =-0.30, A< .01) than usual. The temporal associations of nightly sleep duration
and sleep quality with the following day's cognitive interference were significant on work days,
but not on non-work days.

Conclusion: Our results suggest bidirectional associations between poorer sleep and more
cognitive interference, particularly on work days with implications for workday productivity and
quality of life.
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Introduction

Sleep can be both an antecedent and a consequence of daytime experiences. Previous studies
report bidirectional associations between sleep and daily stressors and negative mood.1:2
Cogpnitive interference, the experience of intrusive, unwanted, off-task, and potentially
ruminative thoughts, is related to the experience of daily stress.® The links between sleep
and stress and between stress and cognitive interference are well established. However, there
is a relative lack of observational research examining the relationship between sleep and
cognitive interference, particularly in a relatively healthy sample of workers at midlife.
Experimental studies in the laboratory observed effects of acute sleep deprivation on
degraded performance in cognitive tests and vigilant attention.*® However, we know little
about how middle-aged workers—who are particularly vulnerable to insufficient or poor
sleep®’—experience sleep and cognitive interference in their naturalistic daily settings.
Even less is known about whether poor sleep is an antecedent of next-day cognitive
interference or a consequence of it. The purpose of the present study was to examine

the temporal bidirectional associations of daily cognitive interference with nightly sleep
variables (sleep duration, sleep quality, sleep latency, and sleep timing), and whether
associations differed by type of days (work days vs. non-work days).

Research using the job-stress recovery model®9 suggests that recovery experiences during
non-work time are crucial for employee's cognitive functioning and affective states the

next day. Sufficient and good quality sleep may contribute to better recovery of resources
for the next day, such as overall energy and feelings of control. Specifically, poor sleep
may adversely affect self-regulatory functioning needed for appropriate decision making
and cognitive capacity needed for working memory.10 Thus, insufficient or poor sleep

may result in undesirable cognitive outcomes, including slowing mental activity, degrading
decision-making, increasing mistakes, and cognitive interference in performing job tasks.
For example, Mullins et al.11 showed that short sleep duration, poor quality sleep, circadian
rhythm disruption, and sleep disorders led to withdrawal or disengagement while at work
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(ie, cognitive and emotional distraction, and work neglect) through increased daytime
sleepiness. Previous research using within-person analyses also found that sleep quality
predicted a range of positive and negative affect variables during the subsequent day.12-14
Given that negative affect was also associated with same-day cognitive interference,3 we
expect that lack of sleep recovery may predict experiencing more cognitive interference the
next day.

Sleep can also be a consequence of daily stressful experiences. Longer self-reported sleep
latency (ie, how long takes falling asleep) was predicted by psychosocial stressors (ie, work—
family conflict, time inadequacy for child and to engage in exercise) that day, whereas
shorter sleep duration and poorer sleep quality predicted greater experiences of those
stressors the following day.! Unlike sleep duration and sleep quality, which may reflect
recovery of resources,3 sleep latency may reflect the current day's worries, rumination, and
cognitive stress residues.® Research using ambulatory polysomnography showed that more
bedtime worries and concerns predicted longer time from sleep onset to non-REM Stage

3, the deepest stage of sleep.18 Research examining temporal associations between daily
stressful experiences and sleep timing variables is limited. Bedtimes and wake times may be
prone to both what happened on that day and what is expected on the following day. For
example, employees who had a cognitively stressful day may go to bed earlier due to fatigue
and subsequently wake up earlier; those who anticipate a stressful day may also wake up
earlier. Fig. 1 depicts our research model testing bidirectional associations between daily
cognitive interference and nightly sleep variables.

Sleep schedules are structured around a social clock, particularly for employees whose daily
schedule is fixed around work time.1” Typical workers have less opportunities for sleep
during work days and try to compensate their “sleep debt” during non-work days.18:19
Similarly, workers may also have more opportunities for cognitive stress on work days

than on non-work days.2%21 Cognitive interference may occur when employees need to
obtain new information (or engage in a new task) but their working memory resources are
not sufficient.22 To our knowledge, no research has examined how the daily associations
between sleep and cognitive interference differ between workdays and non-work days. It
may be that the predicted associations between sleep and cognitive interference are more
apparent on work daysthan on non-work days.

Using daily diary data from a sample of middle-aged employees, we examined temporal
associations of daily cognitive interference with diverse indicators of nightly sleep (ie,
sleep duration, sleep quality, sleep latency, and sleep timing) while controlling for relevant
covariates. Based on the prior literature, we hypothesized:

Hypothesis 1. Previous night's shorter sleep duration and poorer sleep quality than usual
would predict experiencing more cognitive interference than usual the next aay.

Hypothesis 2. Same day's more cognitive interference would predict sleep latencies being
longer than usual that night.

Given limited research on sleep timing variables, we did not establish a priori hypotheses
regarding temporal directionality between sleep timing and cognitive interference (eg, that
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later bedtimes and earlier wake times would predict more cognitive interference than usual,
or that more cognitive interference would predict earlier bedtimes and subsequent earlier
wake times than usual), although we speculated bidirectional associations. We also tested
whether the expected associations differed on work days versus on non-work days.

We used a sample of employees who participated in the daily diary sub-study as part of

the Work, Family, and Health Study.Z3 Participants included employees in the information
technology (IT) division of a U.S. Fortune 500 company in metropolitan areas. Among 823
employees who completed a baseline interview at the workplace to provide information

on demographic and work characteristics, 222 employees who had at least one child aged
9-17 living at home were eligible and invited to participate in a diary study (to recruit the
child in a child daily study as well). Of these, 131 (59% of eligible employees) participated
in a telephone diary study at baseline. Those who chose to participate were not different
from those who were eligible but did not participate in basic demographic characteristics
(education, age, number of children living in the household, child gender, marital status) and
work variables (tenure at work, schedule control, family-supportive supervisor behaviors,
work—family conflict), with the exceptions of child age (those who participated had older
children), income (those who participated earned less money), and minority status (those
who participated were less likely to be a minority). Details of these comparisons (Ztests and
/1/2 tests) are reported in previous research.24 Of 131 participants, one person who completed
only one diary day was excluded from our analyses. Most (85%) completed 8 days, 11%
completed 7 days and the rest completed 5-6 days. Thus, the final analytic sample of this
study was 130 employees at midlife who had at least one school-age or adolescent-age child
in the household.

Trained interviewers obtained informed consent and then conducted computer-assisted
personal interviews with the employees at the workplace at baseline. The daily diary

data collection took place the month following the workplace interviews. Participants were
telephoned on eight consecutive evenings and asked about their daily experiences, including
sleep and cognitive interference. Call lasted about 20 minutes each, and participants received
$150 for their diary study participation.

Daily diary measures

Sleep timing—~Participants reported their nightly bedtime (“What time did you go to bed
last night?”) and wake time (“What time did you wake up this morning?). We used military
hours of bedtime and wake time. We centered bedtimes at midnight (0:00 = 0; 10:00 PM =
-2; 2:00 AM = 2) such that higher scores indicate later bedtimes.

Sleep duration—We asked participants, “How many hours and minutes did you sleep last
night?” The total time slept the previous night was created by summing the number of hours
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and minutes (divided by 60) the participant reported sleeping the previous night. We treated
this reported sleep hours as sleep duration.

Sleep quality—We used one item adapted from the Pittsburg Sleep Quality Index
(PSQI).25 The item reads, “How would you rate (your/last night's) sleep quality overall?”
Responses ranged from 1 (very badly) to 4 (very well).

Sleep latency—We asked participants, “How long did it take you to fall asleep?” This
item was adapted from the PSQI.25 Responses were coded in minutes.

Cognitive interference—We used the mean of a 9-item daily cognitive interference
scale.326 The scale is designed to measure the experience of and attempts to control
intrusive, unwanted, and potentially ruminative, thoughts. Items from this scale were
adapted from existing measures of thought suppression,2’ thought control,28 and intrusive
and avoidant thinking.2% The items read, “How often did you (1) think about personal
worries today, (2) think about something you did not mean to think about today, (3) have
trouble concentrating today, (4) have thoughts that kept jumping into your head today, (5) try
to avoid certain thoughts today, (6) have thoughts that you could not stop today, (7) try to
put problems out of your mind today, (8) do things to distract yourself from your thoughts
today, and (9) stay busy just to keep thoughts from entering your mind today?” Responses
were coded as 0 = never, 1 = once, 2 = a few times, 3 = often, and 4 = very often. Reliability
was calculated at both the between- and within-person (across days) levels,30 and both were
adequate (between-person a = .97; within-person a = .78).

Type of day—We created a binary workday variable. If individuals reported they worked
on the day of the interview, this variable was coded as work day (=1 vs. non-work day =
0). On average, employees worked on 73% of the diary interview days, resulting in 758
work days and 282 non-work days. Of the work days, 56% occurred at the workplace, 42%
occurred at home, and the rest (2%) occurred at some other location.

Covariates—We controlled for sociodemographic and work characteristics because
previous research has found them to be related to daily cognitive experiences as well as
nightly sleep.32:33 We controlled for age (in years), gender (1 = men, 0 = women), race (1
= non-white, 0 = white), education (1 = /ess than college graduate, 0 = college graduate or
more), and married/partnered status (1 = not married/partnered, 0 = married or living with
a partner). We also controlled for work hours in minutes to take into account employees'
overall time availability for sleep.” To better understand the associations between sleep and
cognitive interference in the context of daily stressors, we included a total daily stressor
frequency in subsets of models. We used 10 items adapted from the Daily Inventory of
Stressful Events (DISE)3! that encompass daily home- and work-related stressors (eg, “Did
you have demands placed on you at your job that were stressful?”, coded yes[1]/no[0]). The
score is the sum of responses.

Data analysis—We used multilevel modeling with lagged effects in SAS 9.4 to take
into account the nested data structure.3* 1040 total daily observations were nested within
130 employees. Since the use of lagged variables excludes the first day's observation, 910
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daily observations were included. Due to missing responses in sleep variables, a total of
869-867 daily observations were used in the analyses (number of observations differed
by model with each sleep variable). To test our hypotheses about the temporal association
between nightly sleep and daily cognitive interference, variances for key measures were
decomposed to within-person (level-1) and between-person (level-2) levels. Within-person
variables were centered at the person mean, such that positive values indicate scores higher
than the person's own cross-time average (eg, the person's usual cognitive interference
level). Between-person variables were centered at the sample mean, such that positive values
indicate higher scores than others in the sample. For example, the level-1 model for nightly
sleep duration in relation to daily cognitive interference (without covariates) was specified
as:

Nightly Sleep Durationg = fy; + p;(Prior Night's Sleep Duration, _ ;)

+ p»(Next — day Cognitive Interference, , ;;)
+ f(Same day’s Cognitive Interferencey;) + eg;

Most cogent for hypothesis H1, g,; indicates whether sleep duration on day d (after
controlling for the effect of previous night's sleep duration, g,) is associated with cognitive
interference on day d + 1 (after controlling for g,). For hypothesis H2, g, indicates whether
cognitive interference on day d is associated with sleep duration that night (ie, on 4, after
controlling for g, as well as g,;). Simultaneously testing both g, and g, in a single model
allows us to determine whether sleep duration (and also other sleep variables) predict

the next day cognitive interference (5,) or whether daily cognitive interference predicts
same-night sleep duration (,).

We separately modeled each sleep variable. In all models, we used a specific variance
classification (ie, a first-order autoregressive variance structure) to account for the fact

that consecutive sleep observations might be more highly correlated than non-consecutive
observations.! To test whether the associations between sleep and cognitive interference
differed by type of days, we first stratified bidirectional model for each sleep variable by
work days and non-work days. Then we conducted follow-up tests with interaction terms
in a simplified model including only one temporal direction. We classified the type of days
on the basis of when cognitive interference was reported. All continuous variables were
centered at sample means.

Descriptive results

Table 1 shows descriptive statistics and correlations of all variables used in this study.
Participants' mean age was 45.01 (SD = 6.17); 55% were men; the majority (69%, n

= 90) were white, non-Hispanic, 20% (n = 26) were other/mixed races, 9% (n = 12)

were Hispanic, and 2% (n = 2) were Black or African American, non-Hispanic; 78% had
completed four years of college or more, 20% (n = 26) had some college (1-3 years) or
technical school, and 2% (n = 3) were high school graduates; and most (87%) were married
or cohabiting. On average, participants had 2 children living in the household (M= 2.11, SD
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= 1.07, Range = 1-8); all participants had at least one school-aged or adolescent child (ages
6 to 18), 15% had children aged 5 or under, and 6% were living with children older than
age 18. Participants worked 8.54 hours (SD = 1.52) per day during the diary week. Most
(82%) worked regular daytime schedule; the rest worked variable schedules that changed
day-to-day, but not night or evening shift, per se (results are not shown in Table 1).

The within-person level correlations between the sleep measures indicated that later
bedtimes were associated with later wake times and shorter sleep duration. Later wake

times were associated with longer sleep duration and better sleep quality. Longer sleep
duration were associated with better sleep quality and shorter sleep latency, with sleep
quality also negatively associated with sleep latency. The between-person and within-person
level correlations ranged from 0.01 to 0.46, meaning that each of the sleep measures were
interrelated, but largely distinct and independent constructs. In terms of the relationship

of sleep with cognitive interference, sleep duration and sleep quality were negatively
associated with cognitive interference at the within-person level. There was a moderate-level
positive correlation between cognitive interference and daily stressors at both the within- and
between-person levels (r=0.35, r=0.37, respectively), which indicates that our measure

of daily cognitive interference shares common variance with daily stressors, but it also

has its own unique variance. The Intra-Class Correlations (ICCs; Range = 0.26-0.48) of
sleep variables and cognitive interference suggested that high proportions of the variability
(52-74%) in these variables were due to day-to-day fluctuations rather than between-person
differences, and suggested that it was appropriate to test temporal directionality between
them.

Sleep — cognitive interference, or cognitive interference — sleep

Tables 2A and 2B show one bidirectional model testing bidirectional associations between
daily cognitive interference and each sleep variable with sleep as an outcome. Beginning
with the model predicting bedtimes (Table 2A), previous night's bedtimes were not
significantly associated with the next-day cognitive interference. However, in the opposite
temporal direction (Table 2B), more same day cognitive interference was associated with
going to bed earlier than usual (B=-0.19, SE = 0.09, £< .05). This effect held after
controlling for the following significant (P < .05) effects of covariates: Employees who were
more educated and worked longer hours reported later bedtimes. Turning to wake times,
there were significant bidirectional associations with daily cognitive interference. On days
when participants woke up earlier than usual, they reported more cognitive interference than
usual (Table 2A; B=-0.32, SE = 0.12, P<.01). Moreover, on the next morning following
days with more cognitive interference than usual, employees woke up earlier than usual, by
18 minutes (Table 2B; B=-0.30, SE = 0.11, P<.01). These effects adjusted for previous
day's wake times and covariates.

In terms of sleep duration, previous night's sleep duration were significantly associated with
the next-day cognitive interference (Table 2A; B=-0.27, SE = 0.10, A< .01). On days
following nights with shorter sleep duration than usual, employees reported more cognitive
interference than usual. Specifically, about 16 minutes decrease in previous night's sleep
was associated with one unit increase in cognitive interference the next day. The other
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temporal direction, same day's cognitive interference predicting the night's sleep duration,
was not significant (Table 2B). The effects of covariates indicated that male (vs. female)
and single (vs. married/partnered) employees, and those who worked longer hours reported
significantly shorter sleep duration. Results on sleep quality were consistent. In Table 2A,
the within-person effect showed that, on days following nights with poorer sleep quality than
usual, employees reported more cognitive interference than usual (8= -0.17, SE = 0.05,
P<.01). In addition, between-person association was significant, such that employees who
had poorer sleep quality than others in the sample, also reported more cognitive interference
on average across days (B =-0.25, SE =0.08, £<.01). Thus, our hypothesis 1 that
previous night's shorter sleep duration and poorer sleep quality than usual would predict
experiencing more cognitive interference than usual the next day was supported. Lastly, the
model with sleep latency revealed no significant associations with cognitive interference at
either direction (results did not change by the duration of sleep latency either). Thus, our
Hypothesis 2 that more cognitive interference on the same day would predict longer than
usual sleep latencies that night was not supported.

We compared changes in =2 log-likelihood (-2L L) statistic to check whether the model
testing supported temporal direction fits data better than the model testing unsupported
temporal direction. For sleep duration and sleep quality, significant changes in —=2LL
indicated that the model testing “sleep — cognitive interference” direction was significantly
better (P< .01) than the model testing “cognitive interference — sleep” direction. For
bedtimes, the model testing “cognitive interference — sleep” direction tended to fit the data
better than the other model, although the change in the —2L/ was marginal (P=.08). For
wake times that exhibited bidirectional associations with cognitive interference, the model
testing one direction did not significantly differ from the model testing the other direction
(See Table A.1).

For the significant temporal associations between sleep and cognitive interference, we
further examined whether the associations were affected by daily stressors (Fig. A.1).
Overall, poorer sleep recovery was associated with more stressors the following day and
more stressors were associated with more cognitive interference during the same day. More
cognitive interference, in turn, was associated with subsequent earlier bedtimes and wake
times (detailed results are available upon request).

Differences between work days and non-work days

Next, we examined whether the daily associations between cognitive interference and sleep
differed on work days versus non-work days. The association between more same day's
cognitive interference and earlier bedtimes was significant on workdays (B8 = -0.23, SE =
0.11, P<.05) but not on non-work days (8= -0.19, SE = 0.20, > .05), with no difference
in the slopes (ie, betas) between the two types of days. Similarly, the association between
earlier wake times and more same day's cognitive interference was also significant on work
days (B=-0.19, SE = 0.10, £<.05) but not on non-work days (B = -0.25, SE = 0.29,

P> .05), although the slopes did not significantly differ from each other. With regards to
sleep duration and sleep quality, significant differences in the slopes between work days and
non-work days were found. Fig. 2 shows that previous night's sleep duration was negatively
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associated with the following day's cognitive interference when the following day was a
workday (B =-0.23, SE = 0.10, P < .05); yet the negative association was not found when
the following day was a non-work day (B =0.10, SE = 0.25, > .05). Moreover, Fig. 3
shows that previous night's poorer sleep quality predicted more cognitive interference on a
next workday (8= -0.25, SE = 0.06, A< .001), but not on a non-workday (8= 0.07, SE
=0.12, P> .05). Again, these associations adjusted for sociodemographic covariates, work
hours, and previous day's sleep variable of interest. There was no difference between work
days and non-work days in the null association between cognitive interference and sleep
latency.

The two links (sleep duration or quality — cognitive interference) that were more salient
on work days from the stratified bidirectional models were also validated in interaction
models with the supported temporal direction only. In additional analyses, we included both
workdays and non-work days and tested interaction effect between each sleep variable and
workdays predicting next-day cognitive interference. Significant interactions of work days
with sleep duration (8= -0.07, SE = 0.03, £< .05) and with sleep quality (B=-0.16, SE =
0.05, P<.01) were found. Consistent with the prior stratified model, shorter sleep duration
was associated with the following day's more cognitive interference when the following day
was a workday (8= -0.06, SE = 0.02, < .001), but not when the following day was a
non-work day (8= 0.01, SE = 0.02, P> .05). Poorer sleep quality was also associated with
the following day's more cognitive interference on a next workday (8= —-0.14, SE = 0.03, P
<.001), but not on a next non-work day (8= 0.02, SE = 0.04, P> .05).

In supplementary analyses, we explored potential moderation by gender and other daily
contextual factors including work location and day-of-week. We first used stratified analyses
with both directions and then tested relevant interaction terms for a specific direction. No
significant differences by gender were found (results not shown, but available from the
authors upon request). In the stratified analyses for work days, we also examined whether
the associations differed by the work location. When we compared onsite workdays (56% of
work days) vs. working from home days (42%), a significant difference emerged on sleep
latency only (B =-8.03, SE = 2.80, A< .01). More cognitive interference was associated
with the night's longer sleep latencies after days when employees worked at home (8= 4.30,
SE =2.00, P<.05), but with shorter sleep latencies after days when they worked at the
workplace (B=-3.73, SE = 1.87, P<.05). Lastly, a descriptive analysis by day-of-week
(from non-nested, unadjusted regression models) indicated that the negative association
between previous night's sleep quality and next-day cognitive interference was stronger on
the Monday—Tuesday transition than on the Saturday—Sunday transition (B = -0.33, SE
=0.14, P<.05); there was no difference neither with other days of week (vs. Saturday—
Sunday) nor with other sleep variables.

Discussion

This study examined temporal associations between daily cognitive interference and nightly
sleep variables in a sample of middle-aged employed adults. Guided by the job-stress
recovery model8 and previous research on the associations between daily stressful
experiences and nightly sleep,1:12-14 we expected that poorer sleep recovery previous night
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would be associated with more cognitive interference the next day. Results revealed that
earlier wake times, shorter sleep duration, and poorer sleep quality predicted experiencing
more cognitive interference the next day. Significant associations in the opposite direction
were also found with sleep timing variables, such that more same day's cognitive
interference predicted earlier bedtimes and earlier wake times than usual. Importantly,

these associations, particularly the temporal associations of previous night's shorter sleep
duration and poorer sleep quality predicting the following day's more cognitive interference,
were significant on work days, but not on non-work days. Our findings contribute to
understanding how cognitive interference and sleep are associated in employees' daily lives.
Sleep can be both an antecedent and consequence of employees' daily cognitive interference,
which has implications for future interventions targeting employee sleep and performance at
work.

Shorter sleep and poorer sleep than usual may indicate lack of resource recovery!2 needed
for the next day. Lack of relaxation and energy replenishment may contribute to generating
more negative experiences during the following day. Previous research reported that poorer
sleep quality was associated with less positive affect and more negative affect the subsequent
day.12-14 Qur findings extend this line of research by demonstrating that poorer sleep
recovery, measured by shorter sleep duration, lower sleep quality, and earlier wake times,
predicted more cognitive interference the next day. Specifically, poorer sleep recovery
predicted experiencing more stressors the following day and more stressors were associated
with more same-day cognitive interference. The associations between sleep and cognitive
interference became reduced or non-significant after controlling for daily stressors in the
model, which suggests potential mediation by daily stressors. Future research that includes
multiple assessments per day could determine the temporal mechanism between sleep,
stressors, and cognitive interference within a day. Taken together, poorer sleep recovery may
presage more exposure to daily stressors! and accompanying cognitive stress or interference
(ie, off-task, intrusive, and unwanted thoughts), all of which may relate to poorer work
performance?2 and poorer socially interactive decisions.3>

This study also reveals that sleep timing may signal, not only the day's stress and fatigue,
but also an anticipation of a stressful day. First, more cognitive interference predicted earlier
than usual bedtimes and corresponding earlier wake times. Given that most contemporary
employees do not have enough time for sleep,b.7 earlier bedtimes than the employee's

usual may mean that more cognitive interference made him/her stressed and tired. Earlier
than usual bedtimes may also explain the link between previous day's more cognitive
interference and the following morning's earlier than usual wake times, as there was a
positive within-person correlation between bedtimes and wake times (Table 1). Unlike our
hypothesis and somewhat inconsistent with the finding by Lee et al.,! which used different
types of stressors, we did not find the link between same day's cognitive interference and
sleep latency that night. It may be worth to mention that the mean of sleep latency (19.67
minutes) seemed longer than what other studies observed in adult samples.38 In our sample,
24 employees reported 30 minutes or longer sleep latency on average per night. The null
association did not change when we excluded those employees with long sleep latency. Our
exploratory analyses further showed that the link between daily cognitive interference and
the night's sleep latency differed by work location. On days when employees worked at
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home, more cognitive interference was associated with the night's longer sleep latencies.

In contrast, on days when employees worked at the workplace, more cognitive interference
during the work day was associated with shorter sleep latencies that night. Currently, we

do not have good explanation for this complex finding. Perhaps, cognitive interference
experienced while working with other colleagues in office may be qualitatively different
(more stressful) from cognitive interference experienced while working from home, making
employees fall asleep faster that night. Taken together, employees who experienced more
cognitive interference might have gone to bed earlier and fallen asleep earlier, probably due
to fatigue driving sleep need, and then might have woken earlier in the morning than usual.

Second, earlier wakes times not only were predicted by more cognitive interference during
the prior day, but also predicted more cognitive interference later that day. The link

from earlier wake times to more cognitive interference may be due to lack of sleep
recovery.8:13.14.37 Earlier wake times predicted by more cognitive interference may also
reflect employees' greater anticipation of another stressful day after experiencing more than
usual cognitive interference the previous day. In this way, earlier than usual wake times seem
to be a sensitive indicator of poorer recovery sleep and anticipation of a stressful day, in
employees' daily lives. Note that most employees in our sample worked a daytime work
schedule and all of them were office workers in the IT industry. We do not know whether
daily variation in morning wake times was driven by variation in work start times (eg, early
bird meeting at 8 AM) or not. It is intriguing that both temporal directions were found

with employees' wake times and the magnitude of the associations for one direction versus
the other was similar (ie, 0.30 or 0.32 hours earlier wake times were associated with one
unit increase in cognitive interference). Future research may need to test with more diverse
samples of employees to see how daily cognitive interference is associated with sleep timing
variables among those who work different work schedules in different settings.

The temporal associations between daily cognitive interference and nightly sleep were
observed only on work days, but not on non-work days. As employees' daily schedule is
mostly fixed around their work timel” and they may have more opportunities for cognitive
interference and less opportunities for sleep during work days,18:19 it is not surprising to
find the significant associations between them on days when they worked. Specifically,
shorter sleep duration and poorer sleep quality than usual were nightly determinants of the
next- workaay cognitive interference. Previous studies also reported that whether the day is
a workday or not is an important variable that can change employees' stress physiology

and the effects of workplace support. For example, employees' cortisol awakening response
(CAR) was greater on work days than on non-work days.2! Moreover, a workplace
intervention, designed to increase employees' schedule control and supervisor support about
work-family issues, significantly improved employees' CAR only on non-work days, but not
on work days;20 the authors explained that it may be due to that the employees had more
opportunities for recovery on non-work days. The current study adds another evidence that
workdays play an important role in the cognitive interference—sleep relationship. Note that
workday represents one of the daily contexts that magnify the cognitive interference—sleep
relationship in workers' lives. There may be other occupational and daily contextual factors
that future research may want to explore more, such as the specific structure of workplace
support. For example, one study found that a flextime that allowed workers to easily take
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time off for personal and family matters was correlated with reduction in the workers'
stress and improvement in sleep significantly more than a compressed workweek.38 Future
research could further examine whether and how specific aspects of workplace support
play roles in the workers' sleep and cognitive performance and productivity at work. In
addition, albeit very exploratory and descriptive, we observed that the negative association
between previous night's sleep quality and next-day cognitive interference was stronger on
the Monday—Tuesday transition than on the Saturday—Sunday transition when days were
pooled across participants. Future studies that include more than 1 week's diary data could
validate this finding in a more rigorous test after adjusting for person-level differences.

Limitations and future directions

The present study has several strengths, including the use of multiple days of telephone
diary interview data and statistical rigor testing two competing directions in a single analytic
model. Limitations in this study provide guidance for future research. First, the present study
focused on employees purposively selected from an IT firm, and thus our findings may not
generalize to employees in other contexts. We were only able to consider two race categories
(69% were white) and had limited information regarding education. Future research could
target a more diverse sample and capture total years of education. Some occupations involve
more physical tasks than cognitive tasks, and for such occupations workplace injury may

be a more relevant work outcome related to the workers' poor sleep.3? Moreover, this study
used self-reports to measure daily cognitive interference and nightly sleep, which poses

a potential risk for common-method bias.%° This concern may be reduced for our within-
person level findings that controlled for between-person associations as well as previous
night's sleep. Yet, between-person associations may still be inflated. Future research may
benefit from incorporating more objective markers of sleep, such as actigraphy. Furthermore,
our participants completed the daily diary each evening, which might have caused a recall
bias in reporting previous night's sleep relative to the more typical morning sleep diary.
Further, information on daytime napping was not collected. Future studies could consider
assessing employees' daily sleep patterns more extensively, such as asking previous night's
perceived sleep in the morning and measuring napping throughout the day. In addition,
future research could test whether findings from this study can be replicated in workers who
have clinical sleep problems or those with caregiving responsibilities. Our within-person
level findings can rule out potential differences due to unobserved between-person level
factors. However, we do not know whether the bidirectional associations between poorer
sleep and more cognitive interference found in this study are modified by factors not
assessed in this study such as, for example, caregiving stress management, meditation
practices, or co-worker support. Lastly, following the emerging line of research that
highlights the importance of considering combined influence of multiple sleep parameters
on one's health,*! future research could examine whether and how multidimensional sleep
health within individuals (eg, a sleep health index) is associated with daily cognitive
interference.
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Conclusion

Funding

This study reports that employees' poorer sleep predicts and is predicted by more cognitive
interference especially on work days. Shorter sleep duration, poorer sleep quality, and earlier
wake times predicted experiencing more intrusive, off-task thoughts the next work day that
may interfere with focusing on job tasks. More cognitive interference on a given day, in

turn, also predicted going to bed earlier and waking up earlier than usual potentially due to
stress and fatigue. These cyclical associations reflect that employees' sleep is vulnerable to
daily cognitive stress and also a contributor to cognitively stressful experiences. Depending
on what we measure in participants' sleep, prediction and directionality in relation to daily
experiences may differ, and overall this study finds bidirectional associations between sleep
and daily cognitive interference. Findings from this study provide empirical evidence for
why workplaces need to make more efforts to promote their employees' sleep. Good sleepers
may be better performers at work due to greater ability to stay focused and on-task, with
fewer errors and interpersonal conflicts.

This research was conducted as part of the Work, Family and Health Network
(www.WorkFamilyHealthNetwork.org), which is funded by a cooperative agreement through the National Institutes
of Health and the Centers for Disease Control and Prevention: Eunice Kennedy Shriver National Institute of

Child Health and Human Development (Grant # U01HD051217, U01HD051218, U01HDO051256, U01HD051276),
National Institute on Aging (Grant # U01AG027669), Office of Behavioral and Social Sciences Research, and
National Institute for Occupational Safety and Health (Grant # U01OH008788, U01HD059773). Grants from the
National Heart, Lung, and Blood Institute (Grant #R01HL107240), William T. Grant Foundation, Alfred P. Sloan
Foundation, and the Administration for Children and Families have provided additional funding.

Appendix A

Table A.1

Comparison of fit statistic between models testing one supported temporal direction versus
the other unsupported temporal direction.

Change in -2 log- p-value for the likelihood
likelihood ratio test (LRT)
(-2LL)
Sleep — Cognitive Interference Model (vs. Cognitive
Interference — Sleep Model)
Sleep duration 8.8095 0.0076
Sleep quality 10.9420 0.0026
Wake time 2.9485 0.1575
Cognitive Interference — Sleep Model (vs. Sleep —
Cognitive Interference Model)
Bedtime 4.2090 0.0811
Sleep latency 2.0643 0.2535

Note. Changes in —2LL indicate whether the model with supported temporal direction (in bold) fits data better than the
model with the opposite, unsupported temporal direction.
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] . !
Sleep duration ‘ Daily stressors Cognitive interference }~ ————— > Sleep duration
Daily stressors Cognitive interference ‘ —————— Sleep quality

] . : .

+ —
Bedtimes ~  gEEEES P{ Daily stressors Cognitive interference m

Fig. A.1.
The temporal associations between sleep and cognitive interference in the context of daily

stressors Note. Each path was tested separately after adjusting for all covariates listed in
Table 2B. Each path with solid arrow was statistically significant at £ < .05; dotted arrows
indicate non-significant paths. Bolded arrows indicate our main results on the temporal
association between each sleep variable and daily cognitive interference. The associations
between sleep and cognitive interference became reduced or non-significant after controlling
for daily stressors in the model.
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Lack of Sleep Recovery

e Shorter Sleep Duration
e Poorer Sleep Quality
o Earlier Wake Times?

Control for // Hypothesis 1
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e Longer Sleep Latency
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Fig. 1.

R(Ssearch model testing bidirectional associations between nightly sleep and daily cognitive
interference. Note. The solid arrows with betas indicate hypothesized temporal associations.
Hypothesis 1 tests whether lack of sleep recovery predicts more cognitive interference

the next day; Hypothesis 2 tests whether experiencing more cognitive interference on a

day predicts longer sleep latency and potential earlier bedtimes that indicate fatigue and
bedtime worries. Dotted arrows are to control for the opposite direction of the hypothesized
direction (eg, more cognitive interference — shorter sleep duration). 2 Tests with sleep
timing variables (wake times and bedtimes) are exploratory.
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Panel A: Previous night’s sleep hours and next-day cognitive interference on work days
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Panel B: Previous night’s sleep hours and next-day cognitive interference on non-work days
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Fig. 2.

Tr?e temporal association between previous night's sleep duration and next-day cognitive
interference moderated by type of days. Note. 869-867 days (72% were work days)

from 130 employees; 8 consecutive days' data were nested within each employee. In the
multilevel model, the effects of same day's and the following day's cognitive interference on
nightly sleep duration were simultaneously estimated, and thus the significance of changes
in sleep duration with one unit change in cognitive interference was tested. @ Using z-scores,
this effect can also be expressed as: A 0.07 SD decrease in sleep duration was associated
with 1 SD increase in cognitive interference. All analyses adjusted for sociodemographic
covariates, work hours, between-person associations, and previous day's sleep duration.
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Panel A: Previous night’s sleep quality and next-day cognitive interference on work days
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Fig. 3.

Tr?e temporal association between previous night's sleep quality and next-day cognitive
interference moderated by type of days. Note. 869-867 days (72% were work days)

from 130 employees; 8 consecutive days' data were nested within each employee. In the
multilevel model, the effects of same day's and the following day's cognitive interference on
nightly sleep quality were simultaneously estimated, and thus the significance of changes in
sleep quality with a one unit change in cognitive interference are depicted. @ Using z-scores,
this effect can also be expressed as: A 0.15 SD decrease in sleep quality was associated
with 1 SD increase in cognitive interference. All analyses adjusted for sociodemographic
covariates, work hours, between-person associations, and previous day's sleep quality.
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