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Abstract

Objectives: It has been reported that job demands affect sleep, but how different levels of 

job demands affect sleep remains unclear. We examined whether curvilinear relationships exist 

between job demands and multiple sleep health outcomes

Design: Cross-sectional analyses with linear and quadratic effects, using self-administered 

survey data

Setting: A national sample of U.S. adults

Participants: Workers from Midlife in the United States Study (MIDUS2; n=2,927)

Measurements: The Job Content Questionnaire assessed overall and five specific aspects 

of job demands (intensity, role conflict, work overload, time pressure, and interruptions). 

Habitual sleep health patterns across five dimensions (regularity, satisfaction/quality, daytime 

alertness, efficiency, and duration) were assessed. Age, sex, race/ethnicity, marital/partnered status, 
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education, job tenure, work hours, body mass index, smoking status, and study sample were 

covariates

Results: There were significant linear and quadratic relationships between job demands and 

sleep outcomes. Specifically, the linear effects indicated that participants with higher job demands 

had worse sleep health, such as shorter duration, greater irregularity, greater inefficiency, and more 

sleep dissatisfaction. The quadratic effects, however, indicated that sleep regularity and efficiency 

outcomes were the best when participants’ job demands were moderate rather than too low or 

too high. These effects were found for overall job demands as well as for specific aspects of 

job demands. Stratified analyses further revealed that these curvilinear associations were mainly 

driven by participants with low job control

Conclusions: Moderate levels of job demands, especially if combined with adequate job 

control, are related to optimal sleep health.
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Introduction

Sleep is important to health, and poor sleep is related to negative health outcomes including 

cardiovascular disease1, dementia2, and mortality1. Therefore, identifying contributors to 

poor sleep is important to explain downstream health outcomes resulting from poor sleep. 

Sleep can be influenced by multiple factors at macro (e.g., environmental), social, and 

individual levels3. Within the social level, work is important and has received much research 

attention in relation to sleep. Structural aspects of work, including long working hours4 and 

shift work5, are negatively related to sleep outcomes. While many studies report the negative 

impact of work-related stressors on sleep6, a complete lack of work-related stressors may 

also reflect poor engagement at work, which may have its own negative consequences7. 

Similarly, the job demands-resources theory8 predicts that low job demands under certain 

conditions result in negative outcomes such as boredom9 and apathy. Additionally, certain 

types of work-related stressors appear to be more strongly related to negative sleep outcomes 

than others10. Yet, most research examines only the linear relationship between work-related 

stressors and sleep (i.e., more work is bad for sleep). This approach may provide biased 

results if there exists a range of work-related stressors that best promote health, including 

sleep, in working populations.

There is a theoretical basis for the possibility that some stress at work may facilitate health 

outcomes. For example, the hormetic stress concept11, motivated by the Yerkes-Dodson 

Law12, indicates that moderate, relative to low or high, levels of stressor exposure may relate 

to optimal performance or better health outcomes. Additionally, an ideal amount of stressors 

may benefit health13. This may apply to sleep health. Much research on work-related 

stressors is guided by the job demands-control model14, which posits that aspects of work 

can be categorized as job demands or as control resources. According to this model, many 

work characteristics (e.g., long work hours, flexible hours, job insecurity, salary) are closely 

related to either job demands or to control, and the combination of high demands with 
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low control results in job strain14. Indeed, job demands or job strain (i.e., work-related 

stressors) are the strongest predictors of employee health and well-being outcomes15,16. 

Recent systematic reviews show that high job demands and job strain are related to sleep 

disturbances17 and poor sleep quality18. Both demands and strain have evidenced negative 

linear relationships with sleep outcomes in working adults from Europe19 and Asia20,21. 

Yet, there may be untested non-linear relationships, such that the levels of sleep health 

are lower when job demands are too little or too high. For example, research on job 

autonomy and well-being illustrates that both too much and too little autonomy may relate 

to poorer well-being22. Regarding non-linear relationships between job demands and sleep 

outcomes, one study found non-significant quadratic effects for the dimensions of the job 

demands-control-support model23, but assessed only sleep quality, limiting conclusions 

regarding other aspects of sleep health. Moreover, most studies assessed job demands 

broadly, preventing examination of whether specific aspects of job demands may relate 

to sleep health outcomes both linearly and non-linearly.

The Current Study

Motivated by the hormetic stress concept11, we aimed to assess linear and curvilinear 

relationships between job demands and sleep health outcomes using a national sample of 

workers. In examining these relationships, we used an overall job demands composite as 

well as the individual items of the job demands scale. We also assessed five dimensions of 

sleep health (i.e., regularity, satisfaction, alertness, efficiency, and duration24). We expected 

that moderate job demands would be associated with better sleep outcomes, with both low 

and high job demands associated with worse sleep outcomes. Additionally, we examined 

differences by the level of job control to tap into the job strain concept14 (i.e., high job 

demands, low job control).

Participants and Methods

Data Source and Participants

We used data from the National Survey of Midlife in the United States (MIDUS; 

www.midus.wisc.edu), which assesses behavioral, psychological, and social factors related 

to variation in mental and physical health in the process of aging25. Specifically, data were 

from the first longitudinal follow-up (MIDUS2; in 2004–2006) and the refresher sample 

(MIDUS Refresher; in 2011–2014). Data from the Milwaukee, Wisconsin subsamples 

that collected information on Black/African American participants were included in the 

MIDUS2 and MIDUS Refresher samples. All variables were self-reported. Of the combined 

MIDUS2 and MIDUS Refresher samples (n=9,640), participants were excluded if they 

(1) did not complete the self-administered questionnaire (SAQ) that included job demands 

questions (n=2,278), (2) were not currently paid workers (n=3,576), (3) did not work at least 

30 hours per week (n=735), and (4) did not have valid data for the job demands composite 

question (n=124). Thus, the final analytic sample was 2,927 workers. The MIDUS study 

was approved by all appropriate Institutional Review Boards, and all MIDUS participants 

provided informed consent. The current study used publicly available, de-identified data and 

was exempt from local IRB review.
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Measures

Sleep Health

Five dimensions of sleep health were included as the dependent variables. These dimensions 

follow the Ru-SATED model24, which includes sleep regularity, satisfaction, alertness, 

timing, efficiency, and duration. Sleep timing was not collected in the MIDUS survey; 

therefore, we did not include this dimension. In the current study, we refer to the available 

sleep variables as irregularity, dissatisfaction, nap frequency (a proxy for daytime alertness), 

inefficiency, and duration, respectively.

Sleep irregularity was measured as the absolute value of the difference between 

weekday and weekend sleep duration; higher scores indicated more irregular sleep. Sleep 
dissatisfaction (α=.80) was measured as the mean of four items (feeling unrested during 

the day; trouble falling asleep; waking up during the night and having difficulty going 

back to sleep; waking up too early in the morning and being unable to go back to sleep) 

assessed on a 1 to 5 scale; higher scores indicated more dissatisfying sleep. Nap frequency 
was measured through a question indicating the number of naps that lasted 5+ minutes 

participants would take during a usual week; higher scores indicated more frequent naps 

(i.e., less daytime alertness). We assessed nap frequency as it was the only available survey 

measure related to daytime alertness. In the original conceptualization of sleep health24, 

alertness, sleepiness, and napping were grouped, because these concepts are all related 

to levels of homeostatic sleep pressure26. Homeostatic sleep pressure accumulates during 

the day with continued wakefulness26. Sleep propensity and sleepiness are driven by this 

homeostatic process and increase the likelihood of napping27. Napping subsequently reduces 

homeostatic sleep pressure28 and increases alertness and vigilance29.Yet, napping has been 

related to several negative outcomes27, including cardiovascular events30,31, Alzheimer’s 

disease32, and mortality30, potentially because it is often accompanied by poor nighttime 

sleep31. As a result, napping has garnered evidence for its utility as a sleep health measure24 

and a proxy for less daytime alertness. Sleep inefficiency was measured by sleep onset 

latency with a question assessing the time it takes participants to fall asleep at bedtime; 

higher scores indicated more inefficient sleep (in hours). While some previous research 

used wake after sleep onset (WASO) together with sleep onset latency33, we chose to use 

sleep onset latency alone as actigraphy-measured WASO was only available in a sub-sample 

of MIDUS. Sleep onset latency has been frequently used to indicate sleep inefficiency34. 

Finally, sleep duration was measured with a question asking how much sleep participants 

usually get at night on weekdays (in hours).

Job Demands

Job demands indicators, the independent variables, were assessed using the Job Content 

Questionnaire (JCQ35). Specifically, as suggested previously35, the following five items 

from the Demands Scale of the JCQ35 were used as individual indicators of job demands, 

and the composite of the five items was used as the indicator for overall demands: 

Participants reported how often (1=all of the time, 2=most of the time, 3=some of the 

time, 4=little of the time, 5=never) the following aspects of their jobs occurred, on average 

or in the past year: (a) intensity (“do you have to work very intensively?”); (b) role conflict 
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(“do different people or groups at work demand things from you that you think are hard to 

combine?”); (c) work overload (“do you have too many demands made on you?”); (d) time 
pressure (“do you have enough time to get everything done?”); and (e) interruptions (“do 

you have lots of interruptions?”). Intensity, role conflict, work overload, and interruptions 

were reverse coded such that higher scores indicated more demands. The overall demands 
item summed the five job demands questions with higher scores indicating higher demands 

(α=.74).

Job Control

Job control was assessed using the JCQ35-based scales for skill discretion and decision 

authority, plus an additional question separate from the JCQ that asked participants 

about their perception of overall job control. The skill discretion score summed three 

items measuring how often on average (a) participants learned new things at work, (b) 

participants’ work demanded a high level of skill or expertise, and (c) their job provided 

them with a variety of things that interested them. The decision authority score summed six 

items measuring how often participants had (a) to initiate things, (b) a choice in deciding 

how to do work tasks, (c) a choice in deciding what tasks to do, (d) a say in decisions about 

their work, (e) a say in planning their work environment, and how often participants could 

control the amount of time they spent on tasks. The one question that was separate from the 

JCQ asked how much control participants thought they had over their work situation (0=no 

control at all to 10=very much control). The two scale scores and the single item were first 

standardized with z-scores then averaged to create the job control factor (α=.67). Job control 

was then dichotomized (low job control < median; high job control ≥ median), following 

prior research36.

Covariates

We considered sociodemographic and health-related covariates that may be associated 

with work experiences and sleep. Sociodemographic variables included age (years), 

sex (female=0; male=1), race/ethnicity (non-Hispanic White=0; Other race/ethnicity=1), 

marital/partnered status (unpartnered [i.e., separated, divorced, widowed, never married, 

not living with partner]=0; married/cohabitating=1), final education level (1=no school 

to 12=professional degrees), job tenure (years), and average work hours. Health-related 

variables included body mass index (BMI) and current smoking status (no=0; yes=1). 

Additionally, to account for potential sample differences, we adjusted for the sample 

identifier (MIDUS2=0; MIDUS Refresher=1). Continuous covariates were centered at the 

sample means.

Statistical Analyses

First, we assessed our main study variables for normality. Results indicated that variables 

were within an acceptable range, based on previous research with other continuous health 

variables37,38 (i.e., <3 for skewness and <10 for kurtosis39), to proceed with analyses 

assuming normality. Second, we conducted descriptive statistics and intercorrelations of 

study variables. Next, separate hierarchical regression analyses were conducted to assess the 

relationship between the various job demands indicators and each of the five sleep health 

dimensions. The six job demands indicators (overall composite + 5 individual items) were 
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centered at the sample mean for analyses. Quadratic effects of the job demands indicators 

were created by multiplying each of the centered job demands items by itself (e.g., intensity 

× intensity). Inclusion of quadratic effects improved model fit when significant quadratic 

effects were found, as indicated by smaller RMSE values and larger adjusted R2 values. 

Adding cubic effects did not significantly improve model fit—thus, cubic effects were not 

included in the models. Unadjusted models assessed the linear and quadratic effects of each 

job demands indicator on sleep health. Adjusted models included covariate effects (Model 

1), linear effects of job demands (Model 2), and quadratic effects of job demands (Model 

3). Missing data were excluded through listwise deletion for each analysis. To tap into the 

job strain concept14, we also conducted analyses stratified by level of job control (high and 

low) to assess whether the effects of demands may depend on job resources available to 

participants. Finally, dose-response relationships were assessed between job demands and 

sleep health for all significant quadratic effects. All analyses were conducted with SAS 

Version 9.4, with significance assessed at p<.05 (two-tailed).

Results

Table 1 includes descriptive statistics of study variables. Participants were approximately 48 

years old on average (SD=10.04, Range=24–81), with slightly more than half the sample 

being male (51.62%), and a majority of the sample being non-Hispanic White (82.32%). 

The sample was well-educated (≥4-year college education=48.39%; ≥high school diploma 

or equivalent=96.96%). Most of the sample were either married or cohabitating (72.56%) 

and were not current smokers (86.16%).

Supplemental Table 1 includes correlations among the main study variables. Job control 

was weakly related to job demands indicators (rs=.06 to .15). The general associations 

between job demands indicators and sleep health dimensions indicated higher demands 

were typically related to poorer sleep health, though not all correlations were significant. 

One exception was found for nap frequency, in which higher job demands were related to 

lower nap frequency, but the magnitude of the correlation was very small (r=−.05). Higher 

job control was related to better sleep health. Correlations among sleep health dimensions 

were in the expected directions; yet, the relationships were weak overall (rs<|.25|) except a 

moderate correlation between sleep inefficiency and sleep dissatisfaction (r=.45), indicating 

that each dimension conveys unique information about sleep health.

Linear and Quadratic Relationships Between Job Demands and Sleep Health

Table 2 includes results from unadjusted and adjusted models for sleep duration. Controlling 

for study sample, age, sex, race/ethnicity, marital/partnered status, education, job tenure, 

work hours, BMI, and smoking status, significant linear associations were found for two 

of the job demands indicators. Specifically, higher overall job demands (b=−0.02, SE=0.01, 

p=.014) and intensity (b=−0.09, SE=0.03, p=.002) were related to shorter sleep duration. No 

significant quadratic effects were found in fully adjusted models (ps≥.054).

Table 3 includes results from adjusted models for sleep irregularity, sleep inefficiency, nap 

frequency, and sleep dissatisfaction (unadjusted effects in Supplemental Table 2). Beginning 

with sleep irregularity, in fully adjusted models, there were linear associations between each 
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of the six job demands indicators and sleep irregularity, such that higher job demands overall 

and each domain (intensity, role conflict, work overload, time pressure, and interruptions) 

were related to more irregular sleep. There were also significant quadratic effects of overall 

demands and work overload on sleep irregularity (Figure 1A and B). Sleep was most regular 

around moderate levels of both overall demands and work overload.

Next, results for sleep inefficiency revealed significant linear relationships, such that higher 

overall demands (b=0.005, SE=0.002, p=.048), intensity (b=0.02, SE=0.01, p=.011), and 

interruptions (b=0.02, SE=0.01, p=.048) were related to more inefficient sleep. A significant 

quadratic relationship appeared between work overload and sleep inefficiency (b=0.02, 

SE=0.01, p<.001). Figure 1C illustrates that sleep inefficiency was lowest around moderate 

levels of work overload. Results for nap frequency revealed a significant linear association 

with intensity (b=0.11, SE=0.05, p=.042), with more intense work associated with less 

frequent naps (i.e., more alertness). There were no significant quadratic relationships 

between any of the job demands indicators and nap frequency (ps≥.067).

Finally, fully adjusted models for sleep dissatisfaction revealed linear relationships between 

all six job demands indicators and sleep dissatisfaction. Higher overall demands (b=0.04, 

SE=0.01, p<.001), intensity (b=0.06, SE=0.02, p=.003), role conflict (b=0.10, SE=0.02, 

p<.001), work overload (b=0.16, SE=0.02, p<.001), time pressure (b=0.08, SE=0.02, 

p<.001), and interruptions (b=0.09, SE=0.02, p<.001) were related to more dissatisfied 

sleep. No significant quadratic relationships appeared between any of the job demands 

indicators and sleep dissatisfaction (ps≥.102).

Associations Between Job Demands and Sleep Health Stratified by Job Control

Table 4 includes results from unadjusted and adjusted models for overall demands and sleep 

health for participants with low and high job control. In fully adjusted models, overall 

demands were linearly associated with sleep inefficiency (b=0.01, SE=0.003, p<.001) 

only for participants with low job control. Overall demands were related to greater sleep 

irregularity (low control: b=0.03, SE=0.01, p<.001; high control: b=0.02, SE=0.01, p=.048) 

and greater sleep dissatisfaction (low and high control: b=0.04, SE=0.01, p<.001) in both 

participants with low and high job control. No significant quadratic effects of overall 

demands appeared for sleep health stratified by job control (ps≥.079).

Supplemental Tables 3–7 include results for linear and quadratic relationships between 

each of the specific job demands indicators and each sleep health outcome stratified by 

job control. For the sake of parsimony, results consistently found between unadjusted and 

adjusted models are described here. There were nuanced differences by models, yet overall, 

the negative linear relationship between job demands and sleep was more apparent for 

individuals with low job control. The quadratic relationship was consistently found for 

specific job demands indicators, such that moderate job demands were associated with 

better sleep health (i.e., longest sleep duration, more regular sleep, and more efficient sleep; 

Figure 2) mostly for individuals with low job control. A notable exception was observed in 

sleep dissatisfaction. Each of the five job demands indicators were linearly related to sleep 

dissatisfaction, such that higher demands were related to more dissatisfied sleep similarly for 

participants with low and high job control.
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Dose-Response Relationships Between Job Demands and Sleep Health

Dose-response relationships were assessed for all significant quadratic effects. For the 

association between overall demands and sleep irregularity, the most regular sleep was 

estimated for job demands around 14 out of 25. This can be translated as “moderate”, or 

having job demands “little” (=2) to “some” (=3) of the time across the five items. For the 

association between work overload and irregularity, the most regular sleep was estimated for 

job demands 2 out of 5. For the association between work overload and sleep inefficiency, 

the most efficient sleep was estimated for job demands corresponding to 3 out of 5.

For the stratified analyses (Figure 2), the most optimal sleep health for participants with low 

job control was estimated at 2 out of 5 on work overload for both sleep duration (longest 

duration) and sleep irregularity (most regular sleep). Efficient sleep was estimated for work 

overload corresponding to 3 out of 5 for both participants with low and high job control.

Discussion

We found initial empirical evidence that not all work-related stressors may be harmful for 

sleep health, providing support for the use of the hormetic stress concept11 in sleep research. 

We assessed linear and curvilinear relationships between job demands and sleep health. 

Consistent with prior research, we found a general pattern that higher job demands were 

related to poorer sleep health. However, for some sleep health dimensions, as hypothesized, 

we found a nonlinear pattern of relationships. Specifically, curvilinear relationships did exist 

between job demands and certain sleep health dimensions (i.e., irregularity, inefficiency), 

with moderate demands related to more regular and efficient sleep. Results stratified by 

job control further revealed that these linear and quadratic relationships appeared stronger 

for participants with low job control, indicating a potential exacerbating effect of low 

job control. Evidence suggests that both too low—potentially reflecting disengagement at 

work—and too high job demands may be maladaptive7 to sleep health (consistent with 

the hormetic stress concept11), indicating that a moderate amount of stressor exposure is 

associated with optimal sleep.

Overall, findings support the job demands-control model14, which suggests job demands are 

related to different workplace and health outcomes that may be attenuated by level of job 

control. Instead of only examining whether the combination of high job demands with low 

job control was associated with worse sleep outcomes, we assessed whether certain levels of 

job demands were associated with sleep outcomes, based on the hormetic stress concept11. 

The application of this dose-response approach between job demands and sleep outcomes 

results in a more nuanced understanding of relationships between work-related stressors and 

health, suggesting that an ideal level of psychosocial stressors may be best for sleep health 

(c.f., eustress40). Specifically, we found that exposure to moderate levels of job demands can 

be beneficial for sleep health.

Moderate job demands were associated with more optimal sleep regularity and efficiency. 

While high job demands are expected to be associated with adverse health outcomes, it 

is less so for low job demands. In terms of sleep regularity, it may be that workers with 

low job demands have work schedules that are disruptive to regular sleep schedules. In 
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contrast, workers with too many job demands may have more irregular sleep schedules 

driven by extensive work hours during the week. On the weekends, these workers with high 

job demands may need to extend their weekend awakenings due to the need for recovery 

from the workweek41. For sleep efficiency, the time needed to fall asleep at night could 

be influenced by how much restoration is needed and whether rumination is occurring. For 

example, having too few job demands may reflect a low intellectual engagement at work and 

limit the need for the restorative role of sleep42 thereby lowering the propensity for sleep. 

On the other hand, higher job demands have been found to relate to worse sleep quality due 

to rumination43. Sleep efficiency may be affected if an individual is unable to disconnect 

from work and engages in rumination because of their job demands.

We also found that the relationship between job demands and sleep health depended on 

the sleep dimension of focus. The most consistent linear relationships with overall and 

specific job demands indicators were found for sleep irregularity and sleep dissatisfaction. 

Regardless of the type of job demands, higher demands were related to more irregular and 

dissatisfied sleep. For the other sleep health dimensions (sleep duration, nap frequency, sleep 

inefficiency), effects of job demands were limited to certain types of demands, but similar 

linear relationships appeared. The one exception was the association between job intensity 

and nap frequency, which exhibited a negative linear relationship. It may be that workers 

with more intense work are too engaged in their work or too busy to take naps resulting in 

greater alertness during the day.

For stratified analyses, we found evidence suggesting that job control was a buffer for job 

demands, with results appearing mainly for participants with low job control. Thus, the 

negative effects of job demands on sleep health outcomes seem to be attenuated by higher 

job resources. One exception was sleep dissatisfaction—individuals with higher demands 

report more dissatisfied sleep regardless of their level of job control. Some evidence 

suggests that job demands, but not factors related to job resources, were related to future 

sleep problems21. Others have also found that higher job demands were directly associated 

with poorer sleep quality, whereas higher job control was indirectly associated with better 

sleep quality through increased job satisfaction and reduced chronic fatigue20. It could be 

that job demands have a strong negative linear relationship with sleep quality or satisfaction 

regardless of job control, possibly due to the cumulative effects of this stressor exceeding 

individuals’ stress resilience capacity11.

Taken together, an increase in job demands–even to a moderate level–may not allow 

satisfying/restorative sleep in workers. However, for other sleep dimensions, quadratic 

effects were found more prevalently for individuals with low job control, with sleep 

inefficiency as the only sleep health dimension exhibiting a significant quadratic effect for 

participants with high job control. Overall, results revealed that sleep health in workers was 

optimal when the levels of job demands were moderate, and this was particularly so for 

those with low job control. This novel finding extends previous literature on work stress and 

sleep.
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Strengths, Limitations, and Future Directions

Our study has several strengths. We used a national sample of adults, which offered the 

opportunity to test our new hypotheses in a large and general sample of full-time workers. 

The assessment of overall demands and specific aspects of job demands (i.e., intensity, role 

conflict, work overload, time pressure, and interruptions) and comparison of results across 

the six job demands indicators in relation to sleep outcomes are also strengths. We included 

five dimensions of sleep health, based on a well-validated conceptual model (Ru-SATED24), 

which extends past work examining single sleep measures (e.g., sleep duration or sleep 

quality only).

There are also some limitations. First, although we focused on job demands and job control 

given their potentially salient effects on employee health15,16, there may be other work 

characteristics not captured by the job demands-control model that we did not include but 

may be important for sleep health, such as perceived inequality at work6, shift work5,17, 

work precarity44,45, salary/income (e.g., experiences of poverty46), or commute time47. 

Moreover, as the context for work is increasingly shifting to remote work arrangements, 

there is the need to understand how the context of work (i.e., office environment vs. home 

environment) may relate to sleep health48. Additionally, there may be non-work-related 

factors that workers have to balance with their workloads such as demands from family/

personal life49 or caregiving50 that may also influence sleep health. Although beyond the 

scope of the current study, future research would benefit from considering both (a) other 

work-related and (b) non-work-related characteristics when assessing sleep health outcomes 

to have a more nuanced understanding of the relationships among various factors that may 

relate to sleep.

Second, the cross-sectional design prevents examination of causal relationships between 

job demands and sleep. Inclusion of multiple time points would allow assessment of 

directionality of effects between job demands and sleep health. Third, we used self-reported 

measures of job demands and sleep health, which might have inflated the relationship due to 

the common self-report method51. Including objective measures of job demands and control 

(e.g., peer or supervisor ratings) and sleep (e.g., actigraphy) could expand our understanding 

of the relationships between these variables.

Fourth, some components of the Ru-SATED24 model (i.e., sleep timing and WASO for 

sleep inefficiency) were not available in the MIDUS core survey and were not included. 

Fifth, the MIDUS sample was mostly non-Hispanic White; therefore, we do not know 

whether our findings would replicate in racially and ethnically diverse samples. Future 

research could assess whether patterns are similar across races/ethnicities and different age 

groups. Future research could also consider other potential moderators. For example, job 

tenure (a proxy for exposure to specific working conditions) may moderate the associations 

between job demands, job control, and sleep, but we did control for this variable in 

analyses. Cumulative exposure to the stress of job demands could lead to either (a) loss 

spirals or (b) job crafting8 which could intensify or attenuate the effect of job demands on 

health outcomes, respectively. Further, cumulative exposure to chronic stressors is related 
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to negative health outcomes11. Examining moderations by specific job conditions and 

demographic characteristics would be fruitful directions for future research.

Conclusions

To ensure the good health of workers, it is important to determine the most ideal levels 

of demands and control needed for the best working conditions and subsequent health 

outcomes that may be driven by sleep health. We found that moderate levels of job demands 

were related to optimal sleep health, especially for workers with low job control. Tailoring 

the work environment by assigning not too high and not too low job demands can assure 

that the workplace provides a fitting level of responsibilities that benefit employee sleep 

health. Alternatively, if extensive levels of job demands cannot be reduced to a moderate 

level, enhancing employees’ job control in these situations may be another way to promote 

sleep health in workers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Curvilinear Relationships Between Job Demands Indicators and Sleep Health Dimensions. 

Overall job demands (M=15.41) and work overload (M=2.89) were mean centered for 

analyses. Work overload represents the frequency (1=never, 2=little of the time, 3=some 

of the time, 4=most of the time, 5=all of the time) with which participants had too many 

demands made on them. Overall job demands represents the composite of the 5 job demands 

indicators (range = 5 to 25). Higher values on sleep health variables represent poorer 

sleep. All figures include bar graphs with frequency (%) of responses for sleep health 

(right) and job demands (top). A scatterplot represents the responses participants provided. 

Shaded regions represent 95% confidence intervals. A) A significant quadratic relationship 

exists between overall job demands and sleep irregularity (b=0.003, SE=0.002, p<.001), 

such that moderate demands were associated with more regular sleep. B) A significant 

quadratic relationship exists between work overload and sleep irregularity (b=0.04, SE=0.02, 

p=.039), such that moderate demands were associated with more regular sleep. C) A 

significant quadratic relationship exists between work overload and sleep inefficiency 

(b=0.02, SE=0.01, p<.001), such that moderate demands were associated with more efficient 

sleep.
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Figure 2. 
Curvilinear Relationships Between Work Overload and Sleep Health Dimensions Stratified 

by Job Control. Work overload (M=2.89) was mean centered for analyses. Work overload 

represents the frequency (1=never, 2=little of the time, 3=some of the time, 4=most of 

the time, 5=all of the time) with which participants had too many demands made on 

them. Lower values on sleep duration represent poorer sleep (Panels A and B) whereas 

higher values on sleep irregularity and sleep inefficiency represent poorer sleep (Panels 

C-F). Analyses were stratified by job control (left: low control; right: high control). All 

figures include bar graphs with frequency (%) of responses for sleep health (right) and 

work overload (top). A scatterplot represents the responses participants provided. Shaded 

regions represent 95% confidence intervals. Significant quadratic relationships exist between 

work overload and sleep duration (A: low control), sleep irregularity (C: low control), and 

sleep inefficiency (E: low control; F: high control). Moderate demands were associated with 
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longer sleep duration, and more regular and efficient sleep. Relationships between work 

overload, sleep duration, and sleep irregularity were non-significant for participants with 

high job control. There were no significant quadratic relationships between work overload 

and either nap frequency or sleep dissatisfaction. There were also no other significant 

quadratic effects of the remaining job demands indicators for any of the sleep health 

dimensions in stratified analyses.
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Table 1.

Descriptive Statistics for Study Variables

Variable N Missing M/N SD/%

Sociodemographic and Health Variables

Sample 2927 0

 MIDUS2 1847 63.10%

 MIDUS Refresher 1080 36.90%

Age, years 2927 0 48.03 10.04

Sex 2927 0

 Male 1511 51.62%

 Female 1416 48.38%

Race/Ethnicity 2919 8

 Non-Hispanic White 2403 82.32%

 Other 516 17.68%

Marital/Partnered Status 2923 4

 Not married or partnered
a 802 27.44%

 Married or Cohabitating 2121 72.56%

Education
b 2924 3

 Less Than High School 89 3.04%

 High School Graduate or Equivalent 603 20.62%

 Some College or 2-Year Degree 817 27.94%

 College Graduate (4+ Years) or Higher 1415 48.39%

Job Tenure, years 2877 50 24.80 11.16

Work Hours 2927 0 43.28 8.02

Body Mass Index 2800 127 28.37 6.16

Current Smoker 2927 0

 No 2522 86.16%

 Yes 405 13.84%

Job Demands Variables

Job Demands Composite 2927 0 15.41 3.12

Intensity 2919 8 3.72 0.77

Role Conflict 2917 10 2.67 0.91

Work Overload 2926 1 2.89 0.87

Time Pressure 2923 4 2.63 0.98

Interruptions 2923 4 3.50 0.93

Job Control Variables

Job Control 2917 10 6.67 2.41

Skill Discretion Composite 2921 6 10.67 2.18

Decision Authority Composite 2921 6 21.80 4.39
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Variable N Missing M/N SD/%

Job Control Composite 2927 0 0.00 0.78

Sleep Health Variables

Sleep Duration 2915 12 6.82 1.09

Sleep Irregularity 2866 61 1.02 1.12

Sleep Inefficiency 2889 38 0.39 0.37

Nap Frequency 2900 27 1.47 2.16

Sleep Dissatisfaction 2917 10 2.46 0.82

a
Includes separated, divorced, widowed, never married, not living with partner

b
There are 12 educational categories in MIDUS that we have grouped into the four categories

Note. Abbreviations: M = mean. SD = standard deviation. Intensity = Work intensively at job. Role Conflict = Work demands hard to combine. 
Work Overload = Too many demands at job. Time Pressure= Time to get everything done at job. Interruptions = Lot of interruptions at job. Higher 
scores indicate higher demands
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Table 2.

Linear and Quadratic Associations Between Job Demands and Sleep Duration

Variable Unadjusted Sleep Duration Adjusted Sleep Duration

b SE p b SE p

Overall Demands −0.01 0.01 .032 −0.02 0.01 .014

Overall Demands2 −0.002 0.001 .259 −0.001 0.001 .652

Intensity −0.09 0.03 <.001 −0.09 0.03 .002

Intensity2 −0.01 0.02 .662 0.002 0.02 .927

Role Conflict 0.01 0.02 .689 −0.003 0.02 .906

Role Conflict2 −0.05 0.02 .003 −0.04 0.02 .054

Work Overload −0.03 0.02 .203 −0.03 0.02 .220

Work Overload2 −0.05 0.02 .005 −0.03 0.02 .074

Time Pressure −0.01 0.02 .603 −0.03 0.02 .274

Time Pressure2 −0.03 0.02 .090 −0.01 0.02 .431

Interruptions −0.03 0.02 .116 −0.04 0.02 .050

Interruptions2 −0.03 0.02 .172 −0.01 0.02 .604

Note. Overall job demands and specific items were entered in separate models. Bolded values indicate significant effects. Abbreviations: b = 
unstandardized regression estimate. SE = standard error. Overall Demands = Job demands composite score (n = 2915 unadjusted; n = 2734 
adjusted). Intensity = Work intensively at job (n = 2908 unadjusted; n = 2729 adjusted). Role Conflict = Work demands hard to combine (n = 2905 
unadjusted; n = 2727 adjusted). Work Overload = Too many demands at job (n = 2914 unadjusted; n = 2733 adjusted). Time Pressure=Time to 
get everything done at job (n = 2912 unadjusted; n = 2732 adjusted). Interruptions = Lot of interruptions at job (n = 2911 unadjusted; n = 2731 
adjusted). Adjusted models controlled for study sample, age, sex, race/ethnicity, marital status, education, job tenure, work hours, body mass index, 
and whether the participant currently smoked. Continuous covariates and main predictors were centered at the sample mean
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Table 3.

Linear and Quadratic Associations Between Job Demands and Sleep Health Dimensions

Variable Sleep Irregularity Nap Frequency

b SE p b SE p

Overall Demands 0.03 0.01 <.001 −0.01 0.01 .548

Overall Demands2 0.003 0.002 .031 −0.004 0.003 .187

Intensity 0.08 0.03 .006 −0.11 0.05 .042

Intensity2 0.03 0.03 .185 −0.09 0.05 .067

Role Conflict 0.06 0.03 .018 0.07 0.05 .137

Role Conflict2 0.03 0.02 .110 −0.03 0.04 .371

Work Overload 0.06 0.03 .017 0.03 0.05 .605

Work Overload2 0.04 0.02 .039 −0.06 0.04 .145

Time Pressure 0.05 0.02 .027 −0.04 0.05 .426

Time Pressure2 0.02 0.02 .316 −0.04 0.04 .285

Interruptions 0.07 0.02 .003 −0.05 0.05 .287

Interruptions2 0.04 0.02 .078 −0.04 0.04 .251

Sleep Inefficiency Sleep Dissatisfaction

b SE p b SE P

Overall Demands 0.005 0.002 .048 0.04 0.01 <.001

Overall Demands2 0.001 0.001 .246 −0.0003 0.001 .775

Intensity 0.02 0.01 .011 0.06 0.02 .003

Intensity2 0.001 0.01 .920 −0.01 0.02 .623

Role Conflict 0.01 0.01 .505 0.10 0.02 <.001

Role Conflict2 0.01 0.01 .124 −0.01 0.01 .275

Work Overload 0.02 0.01 .054 0.16 0.02 <.001

Work Overload2 0.02 0.01 <.001 −0.01 0.01 .695

Time Pressure −0.003 0.01 .725 0.08 0.02 <.001

Time Pressure2 0.002 0.01 .781 −0.02 0.01 .110

Interruptions 0.02 0.01 .048 0.09 0.02 <.001

Interruptions2 −0.005 0.01 .461 −0.02 0.01 .102

Note. Sample sizes for analyses ranged from n = 2685 to n = 2737. Overall job demands and specific items were entered in separate models. 
Bolded values indicate significant effects. Abbreviations: b = unstandardized regression estimate. SE = standard error. Overall Demands = Job 
demands composite score. Intensity = Work intensively at job. Role Conflict = Work demands hard to combine. Work Overload = Too many 
demands at job. Time Pressure = Time to get everything done at job. Interruptions = Lot of interruptions at job. Models controlled for study 
sample, age, sex, race/ethnicity, marital status, education, job tenure, work hours, body mass index, and whether the participant currently smoked. 
Continuous covariates and main predictors were centered at the sample mean
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Table 4.

Linear and Quadratic Associations Between Overall Demands and Sleep Characteristics

Variable Unadjusted Effects Covariate Adjusted Effects

Low Control High Control Low Control High Control

b SE p b SE p b SE p b SE p

Sleep Duration a 

Overall Demands −0.02 0.01 .047 −0.01 0.01 .162 0.02 0.01 .062 −0.02 0.01 .072

Overall Demands2 0.003 0.002 .103 0.0004 0.002 .847 0.003 0.002 .198 0.002 0.002 .441

Sleep Irregularity b 

Overall Demands 0.03 0.01 <.001 0.03 0.01 .007 0.03 0.01 <.001 0.02 0.01 .048

Overall Demands2 0.004 0.002 .064 0.005 0.002 .029 0.004 0.002 .079 0.003 0.002 .127

Sleep Inefficiency c 

Overall Demands 0.01 0.003 .015 0.0005 0.003 .884 0.01 0.003 .010 0.0002 0.003 .963

Overall Demands2 0.001 0.001 .077 0.001 0.001 .114 0.001 0.001 .431 0.001 0.001 .269

Nap Frequency d 

Overall Demands −0.02 0.02 .378 −0.05 0.02 .009 0.01 0.02 .790 −0.01 0.02 .492

Overall Demands2 0.005 0.004 .245 0.001 0.004 .821 0.01 0.004 .112 0.001 0.004 .789

Sleep Dissatisfaction e 

Overall Demands 0.04 0.01 <.001 0.04 0.01 <.001 0.04 0.01 <.001 0.04 0.01 <.001

Overall Demands2 0.0003 0.001 .842 0.0005 0.002 .774 0.005 0.002 .767 0.0004 0.002 .930

a
Unadjusted low control (n = 1458), unadjusted high control (n = 1457), adjusted low control (n = 1363), adjusted high control (n = 1371)

b
Unadjusted low control (n = 1433), unadjusted high control (n = 1433), adjusted low control (n = 1342), adjusted high control (n = 1349)

c
Unadjusted low control (n = 1440), unadjusted high control (n = 1449), adjusted low control (n = 1345), adjusted high control (n = 1364)

d
Unadjusted low control (n = 1453), unadjusted high control (n = 1447), adjusted low control (n = 1358), adjusted high control (n = 1362)

e
Unadjusted low control (n = 1460), unadjusted high control (n = 1457), adjusted low control (n = 1365), adjusted high control (n = 1372)

Note. Bolded values indicate significant effects. Adjusted models controlled for study sample, age, sex, race/ethnicity, marital status, education, 
job tenure, work hours, body mass index, and whether the participant currently smoked. Low control and high control were stratified based on a 
median split (≥median = high, < median = low). Continuous covariates and main predictors were centered at the sample mean. Abbreviations: b = 
unstandardized regression estimate. SE = standard error
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