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Abstract

Purpose: History of cancer is significantly associated with increases in healthcare costs, worse 

work performance, and higher absenteeism in the workplace. This is particularly important as 

most cancer survivors return to employment. Sleep disturbance is a largely overlooked potential 

contributor to these changes.

Methods: Data from 9,488 state employees participating in the Kansas State employee wellness 

program were used to assess cancer history, sleep disturbance, healthcare expenditures, work 

performance ratings, and absenteeism. Participants were categorized as having had no history of 

breast or prostate cancer, a past history only with no current cancer treatment, or current treatment 

for breast or prostate cancer. Indirect mediation analyses determined whether sleep disturbance 

mediated the influence of cancer status on outcomes.

Results: Employees receiving treatment for breast or prostate cancer had significantly greater 

healthcare expenditures and absenteeism than those with a past history or no history of cancer 

(ps<.0001). Sleep disturbance significantly mediated the impact of cancer on healthcare 

expenditures and absenteeism (ps<.05), accounting for 2% and 8% of the impact of cancer on 

healthcare expenditure and missed full days of work, respectively.

Conclusions: The worse outcomes observed among employees receiving treatment for breast 

and prostate cancer, the most common forms of cancer among women and men, were partially 

explained by the impacts of cancer and treatment for cancer on sleep disturbance. These findings 

suggest that preventing or addressing sleep disturbance may result in economic benefits in addition 

to improvements in health and quality of life.
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Introduction

Cancer survivors comprise a large and growing population in the U.S. As of January 2016, 

there were an estimated 15.5 million survivors; this population is projected to grow to 20.3 

million by 2026 [1]. Annual costs of cancer care in the United States is expected to rise to 

over $170 billion in 2020 [2]. Care for breast and prostate cancer, the most common cancers 

among women and men[3], account for nearly a quarter of cancer care expenditures [2]. 

Although the time periods soon after diagnosis and at the end of life contribute to a 

significant portion of cancer care costs, the survivorship phase for breast and prostate 

cancers account for over 40% and 50% of cancer care expenditures, respectively [2]. Given 

that almost 90% of cancer survivors who were employed before diagnosis return to work 

within two years after diagnosis [4], employers are interested in reducing the economic 

burden of cancer care among their cancer survivor employees [5,6]. Moreover, emerging 

evidence suggests sleep disturbance, through multiple biological pathways, may be 

associated with greater risk of cancer progression [7–11].

One method for employers to reduce healthcare costs is through employee wellness 

programs (EWPs), employer-sponsored programs aimed at promoting healthy behaviors and 

reducing risk of chronic diseases [12]. Promoting healthy behaviors can not only improve 

cancer survivorship outcomes, but also help manage multiple chronic diseases (e.g. diabetes, 

hypertension, obesity) that are more prevalent among cancer survivors than the cancer-free 

counterparts [13]. Most EWPs have focused on increasing employees’ physical activity, 

maintaining healthy weight, and smoking cessation [14]. Far fewer EWP’s have addressed 

the role of sleep in maintaining a healthy lifestyle, despite the fact that sleep disturbance is 

associated with many adverse health outcomes (e.g. diabetes, cardiovascular diseases) [15]. 

Sleep disturbance is associated with increased healthcare costs, absenteeism, and impaired 

work performance [16–19]. Absenteeism due to sleep disturbance has been estimated to cost 

$150 billion each year [20]. For instance, one study found that employees with sleep 

disturbance exhibit increased healthcare utilization and increased healthcare costs compared 

to employees without sleep disturbance [21]. Moreover, sleep disturbance is a very common 

symptom experienced by cancer survivors [22,23]. Thus, the contribution of sleep 

disturbance associated with cancer or cancer treatment to healthcare expenditures, 

absenteeism, and work performance among cancer survivors in the workplace merit 

examination.

Previous studies have yet to examine the additional contribution of sleep disturbance 

associated with cancer or cancer treatment on these outcomes. This study examines these 

relationships in a large panel of state employees in the context of diagnoses of breast or 

prostate cancer. It was hypothesized that sleep disturbance would mediate the impact of 

history of or treatment for breast or prostate cancer on healthcare expenditures, absenteeism, 

and work performance.
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Participants and Methods

Data Source

The data analyzed in the current study were collected by from an online health risk 

assessment (HRA) survey distributed to Kansas state employees as part of the EWP in 2008. 

The data were obtained through a data use agreement in 2010 between the Kansas Health 

Policy Authority and Kansas Medical Center. The data obtained included deidentified 

responses to HRA questions as well as basic demographic data for each participant. Eligible 

participants in the Kansas EWP were those enrolled in a Kansas health plan. Because the 

dataset did not contain any identifiable information, this study was deemed exempt by the 

Human Subjects Committee at the University of Kansas Medical Center.

Measures

Measures of cancer history, sleep disturbance, absenteeism, and work performance were 

self-reported on the HRA questionnaire distributed in 2008. The HRA inquires about 

personal, familial, lifestyle, and emotional risk factors of common chronic diseases. 

Participants were provided a $50 gift certificate for completion of their online HRA and 

biometric screening.

To identify cancer status, participants were asked whether they had ever been diagnosed with 

breast or prostate cancer, depending on their sex. Those who reported a history of breast or 

prostate cancer were asked if they were currently undergoing treatment for their cancer 

diagnosis. To assess sleep disturbance, participants were asked, “During the past 4 weeks, 

how often have you been bothered by any of the following problems?” with “trouble 

sleeping” as one item in the series. Response options included “never,” “seldom,” 

“sometimes,” “often,” and “always.”

Health care costs data were collected from health services claims processed by the state 

employee health plans offered by the former Kansas Health Policy Authority. Absenteeism 

was measured by asking participants how many full days and partial days they had missed in 

the past month due to their own physical or mental health issues. Self-rated work 

performance was measured by asking, “On a scale of 0 (worst) to 10 (best), how would you 

rate your overall job performance on the days you worked during the past 4 weeks (28 

days)?”

Statistical Analyses

Cancer status was treated as an ordinal variable coded as 0=no history of breast or prostate 

cancer, 1=past history of breast or prostate cancer and not currently on treatment for cancer, 

and 2=currently receiving treatment for breast or prostate cancer. Sleep disturbance was also 

treated as an ordinal variable with frequency of sleep disturbance coded as 0=never, 

1=seldom or sometimes, and 2=often or always.

Analysis of variance tests and chi-square tests were first conducted to compare cancer status 

groups on demographic factors. Next, analysis of covariance tests were conducted to 

compare cancer status groups on outcomes while controlling for group differences on 
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demographic factors. Post-hoc Tukey’s tests were used to compare groups for those 

outcomes in which significant variability was observed between groups.

Indirect mediation analyses were then conducted to determine whether the influence of 

cancer status on outcomes was mediated by sleep disturbance using version 3.0 of the 

PROCESS macro.[24] These mediation analyses produced regression coefficients for the 

association between cancer status on sleep disturbance (the a path), the association between 

sleep disturbance on the outcomes of interest (the b path), and the associations between 

cancer status on the outcomes of interest with and without accounting for the influence of 

sleep disturbance (c’ and c paths, respectively). The indirect effect of cancer status on 

outcomes through sleep disturbance is operationalized as the product of a and b. Indirect 

mediation analyses examine whether ab is different from zero by computing a 95% 

confidence interval for ab. However, a normal distribution theory approach to computing this 

confidence interval is generally not recommended[25] because the sampling distribution of 

the indirect effect (ab) is not normal and because a normal distribution theory approach 

results in unstable confidence intervals for the indirect effect. Thus, the PROCESS macro 

was used to compute the indirect effect and its confidence interval after resampling the 

sample 5,000 times, a process that accounts for both limitations of the normal distribution 

theory approach. Those indirect effects for which this bootstrap 95% confidence interval 

(CI) does not include zero are deemed statistically significant. In order to reduce the Type I 

error rate and the number of statistical tests conducted, mediation analyses were limited to 

only those outcomes for which a significant effect of cancer status was found. Consistent 

with recommendations, indirect mediation effect sizes were examined using PROCESS 

macro version 2.16.3 to calculate the ratio of the indirect effect to the total effect due to the 

large sample size in this study and because the c path is larger than and of the same sign as 

the indirect effect.[26] All analyses used an alpha level of .05 and were conducted using 

SAS 9.4 (Cary, NC).

Results

Demographic characteristics are presented in Table 1. On average, those with no history of 

cancer were more likely to be male than those with a history of cancer or on treatment for 

cancer. Those on treatment for cancer were less well educated than those with no history of 

cancer or a past history of cancer. As expected, age was also associated with cancer status, 

such that those with a past history of cancer or on treatment for cancer were older than those 

with no history of cancer. Because age is strongly associated with incidence of cancer (i.e., 

the greatest risk factor for breast and prostate cancer) only sex and education were controlled 

for in multivariate analyses in order to avoid variable suppression [27,28].

Estimated means for outcomes and p−values for group comparisons are presented in Table 2. 

Groups differed significantly on healthcare expenditures, number of missed full days of 

work, and missed part days of work. Post-hoc analyses showed that those receiving 

treatment for cancer incurred greater healthcare expenditures than those with no history of 

cancer (t=16.47, p < .0001) and those with a past history of cancer (t=12.46, p < .0001). 

Those on treatment for cancer missed more full days of work (t=5.09, p < .0001) and more 

part days of work (t=6.36, p < .0001) than those with no history of cancer. Similarly, those 
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on treatment for cancer missed more full days of work (t=4.77, p < .0001) and more part 

days of work (t=5.18, p < .0001) than those with a past history of cancer. Significant 

between-group variability was not observed for self performance. Lastly, significantly 

variability between groups was observed for sleep disturbance. Of those on treatment for 

cancer, 15% reported sleep disturbance often/always, 60% reported sleep disturbance 

seldom/sometimes, and only 25% reported never experiencing sleep disturbance. Sleep 

disturbance among those on treatment for cancer was significantly worse than for those with 

no history of breast or prostate cancer (11%, 43%, and 45%; OR = 1.78, 95% CI = 1.07, 

2.97). Although those with a past history of cancer (15%, 47%, and 38%) reported higher 

rates of sleep disturbance than those with no history of cancer, this difference was not 

statistically significant (OR = 1.24, 95% CI = 0.86, 1.79). Similarly, the differences in rates 

of sleep disturbance between those on treatment for cancer compared to those with a past 

history of cancer were not statistically significant (OR = 1.43, 95% CI = 0.76, 2.68). Post-

hoc chi-square analyses found significant variability in cancer status when comparing only 

those reporting sleep disturbance never vs. those reporting sleep disturbing seldom/

sometimes (χ2 = 9.86, p = .01) and when comparing those reporting sleep disturbance never 

vs. those reporting sleep disturbance often/always (χ2 = 6.44, p = .04). Significant 

variability in cancer status was not observed when comparing those who reported sleep 

disturbance seldom/sometimes vs. often/always (χ2 = 0.58, p = .75).

Separate indirect mediation analyses demonstrated that cancer status influenced healthcare 

expenditures, missed full days of work, and missed part days of work in part through its 

effect on sleep disturbance (ps < .05, see Figure 1). After controlling for gender and 

education, each one-point increase in the cancer status variable was associated with 

increases in healthcare expenditures, full days of work missed, and part days of work missed 

of $10,379 (95% CI = $8,969 – 11,789), 0.30 (95% CI = 0.13 – 0.46), and 0.40 (95% CI = 

0.25 – 0.55), respectively. The indirect effect on healthcare expenditures was independent of 

the direct effect of cancer status on healthcare expenditures. Sleep disturbance accounted for 

2% of the impact of cancer status on healthcare dollars spent. Sleep disturbance accounted 

for 8% and 5% of the impact of cancer status on missed full days of work and missed part 

days of work, respectively.

Discussion

The current study investigated employees’ healthcare expenditures, work absenteeism, and 

work performance as a function of breast or prostate cancer diagnosis and treatment using a 

large state employee wellness program (EWP) panel. Whether the effect of cancer status on 

these outcomes was mediated by sleep disturbance was also measured. Undergoing 

treatment for cancer was associated with increased healthcare expenditures and work 

absenteeism. Healthcare expenditures for employees with a past breast or prostate cancer 

diagnosis were about $2,200 greater per person than for those without a cancer diagnosis. 

Expenditures for employees currently undergoing breast or prostate cancer treatment were 

greater by about $27,000 than for those with a past history of cancer. While it is to be 

expected that employees undergoing cancer treatment incur higher healthcare expenditures, 

the additional costs incurred by employees with a past cancer history but not currently being 

treated is still noteworthy, as regular follow-up and surveillance are needed after treatment 
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completion. In addition, on average, individuals undergoing treatment for breast or prostate 

cancer also missed 1.08 more full days of work and 1.21 more half days of work than 

individuals with no cancer diagnosis. Furthermore, these effects were partly attributable to 

the impact of sleep disturbance that was possibly due to cancer and its treatment. That is, 

$314 of the increased healthcare expenditure associated with receiving treatment for cancer, 

relative to having no cancer diagnosis, was attributable to sleep disturbance. The prevalence 

of these diseases (over 400,000 new cases estimated for 2017 alone) suggests the increased 

expense and absenteeism place a large burden on employers, employees/cancer survivors, 

payers, and the US healthcare system [29].

Our results are consistent with previous findings that have demonstrated that sleep 

disturbance is associated with greater healthcare use [30] and that chronic diseases like 

breast and prostate cancer are related to work absenteeism and increased healthcare costs 

[6]. Other studies in the general population have found that sleep disturbance independently 

impacts work absenteeism and healthcare expenditures [16,18]. The existing literature 

suggests that employees with sleep disturbance exhibit increased healthcare utilization and 

increased medical costs compared to those employees without sleep disturbance [21]. 

Nonetheless, this is the first study of which the authors are aware of to find that sleep 

disturbance mediates the effects of cancer and treatment for cancer on health expenditures or 

absenteeism. This finding is in line with recent research in non-cancer populations showing 

that sleep disturbance is associated with healthcare expenditures and absenteeism [31]. 

Because cancer patients and survivors are vulnerable to sleep disturbance due to 

psychological distress, treatment side-effects, and tumor burden [9,32,7,33], understanding 

the role of sleep on increases in healthcare costs and work absenteeism is central to 

providing effective care for these patients in the workplace. This may be especially 

important for employers who generally pay the largest portion of healthcare expenses for 

working adults in the US and incur indirect costs of absenteeism. These findings may alert 

employers to take implement evidence-based cancer control interventions at their 

workplaces [34,35]. For example, cognitive behavioral therapy for insomnia has been shown 

to be efficacious among cancer populations and more efficacious than medication in non-

cancer populations [36,37]. Employers are important stakeholders in improving health and 

well-being of employees, including cancer survivors, and reducing healthcare costs. 

Therefore, important implications of our findings may prompt employers to implement 

strategies to manage cancer survivorship in the workplace [38], such as including behavioral 

treatment for sleep disturbance in EWPs.

Strengths of this study include a large, diverse state employee sample, use of work 

productivity data, and objective healthcare expenditure data. Also, the three phases of breast 

or prostate cancer status (i.e., no history, past history, currently on treatment) among 

employees were available in the data for us to study the relationship between survivorship 

phase and our target outcome variables, as well as the mediating effect of sleep disturbance. 

However, there are also some limitations to this study. First, the cross-sectional nature of 

these analyses precludes any inferences about causality. Each construct was assessed using 

single-item measures; although the items are face-valid, they have not been tested for 

validity and reliability. In future studies, validated survey instruments should be used or 

HRA data should be linked with insurance panel data on medical diagnoses and/or 
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medications prescribed to gather more valid data on participants’ sleep disturbance. Work 

absenteeism and work performance were also measured using subjective, unvalidated 

measures. Also, the sample was restricted to state employees in Kansas and only those who 

participated in the HRA, limiting the generalizability of this study’s findings. Although this 

study included two most common forms of cancer, breast and prostate cancer, data on 

whether or not employees were on treatment or had a history cancers were not available for 

other forms of cancer. The small percentage of participants who were on treatment or had a 

history of cancer reflects some of the difficulty cancer survivors face when attempting to 

return to work; however, this limits the generalizability of our findings. While numerous 

studies have demonstrated that cancer is associated with significant sleep disturbance 

[39,23,40,41], the phrasing of the sleep measure in this study allows for the possibility that 

sleep disturbance may be independent of cancer or treatment for cancer. In addition, this 

study did not include data on whether participants worked night shifts or had shift work, 

which have been linked to excess risk of cancer [42]. Lastly, time since cancer diagnosis was 

not assessed and therefore unavailable as a covariate in these analyses.

Future studies should employ longitudinal methods to examine the prospective impact of 

sleep disturbance after a cancer diagnosis, especially how it relates to work performance 

after returning to work. Future studies should also examine the potential influence of sex on 

the relationship between cancer status and healthcare expenditures and absenteeism. In 

addition, studies could employ propensity matching analyses to create more adequately 

compare employees with and without a history of cancer. Studies should also seek to 

elucidate the mechanisms by which sleep disturbance can influence healthcare expenditures 

and absenteeism in cancer patients and survivors in employee populations. Future studies 

should also seek to account for the impact of working night shifts or shift work on both sleep 

disturbance and risk of cancer. Lastly, future studies should examine the efficacy and cost-

effectiveness of behavioral interventions to reduce sleep disturbance that are amenable to 

wide distribution in the context of large employers and third-party payers, such as internet-

delivered or mobile device-delivered interventions through the EWP vendors.

Conclusions

Sleep disturbance partially mediated the higher healthcare expenditures and greater 

absenteeism observed among employees receiving treatment for breast and prostate cancer, 

the most common forms of cancer among women and men. In addition to improving health 

and quality of life, preventing or reducing sleep disturbance in cancer patients and survivors 

may result in economic and productivity benefits.
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Figure 1. 
Indirect mediation analysis results

Note: Path estimates and 95% bias-corrected bootstrap confidence intervals obtained with 

the PROCESS macro version 3.0. The path estimates from cancer status to sleep 

disturbance, from sleep disturbance to the outcome, and from cancer status to the outcome 

are the a, b, and c’ (direct effect) paths, respectively.
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