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 Objective: This dissertation describes the complex relationships between health-

related employer support, pain, future medical expenditures and productivity at 

work by answering three research questions: (1) to what extent is health-related 

employer support associated with productivity at work and future medical 

expenditures controlling for  factors other than pain, (2) to what extent does pain 

mediate the relationships between health-related employer support and productivity 

at work and between health-related employer support and future medical 

expenditures, and (3) to what extent does health-related employer support 

moderate the relationship between pain and productivity at work and between pain 

and future medical expenditures. Data: The main analysis used a restricted survey 
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dataset for a pooled sample of employees from 14 U.S. employers (N=34,359) from 

2010 (for one employer, 2008). For five employers, two years of data (2010 and 

2011) were available, and for one employer, health insurance claims were also 

available (N=1,590). Methods: Multiple imputations corrected missing data 

problems. Regression analyses, including multiple linear regression, multiple logistic 

regression, and two-part models were used to analyze the relationships. Results: 

Health-related employer support was not found to be significantly related to future 

medical expenditures or sick days, regardless of whether the regression controlled 

for pain. In contrast to the hypothesized direction, lack of health-related employer 

support was significantly associated with higher self-rated relative productivity, 

while pain was not significantly associated with self-rated relative productivity. Lack 

of emotional health-related employer support was significantly associated with 

increased chance of pain. Pain was significantly associated with increased sick days 

and increased future medical expenditures.  No evidence that health-related 

employer support moderated the relationship between pain and productivity at 

work or future medical expenditures was found. Although health-related employer 

support does not seem to directly affect sick days and medical expenditures, it is 

related to pain, which in turn is associated with sick days and expenditures. 

Implications: Pain reduction should improve employers’ bottom lines, all else equal, 

because it would likely lead to lower medical expenditures and decrease the 

number of sick days taken by employees. Health-related employer support is one 

potential mechanism under employers’ control that is associated with pain. 
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Chapter 1. Introduction  

“Protection from and relief of pain and suffering are a 
fundamental feature of the human contract we make as parents, 
partners, children, family, friends, and community members, as 
well as a cardinal underpinning of the art and science of healing. 
Pain is part of the human condition; at some point, for short or 
long periods of time, we all experience pain and suffer its 
consequences.” – Institute of Medicine, Relieving Pain in America: A 
Blueprint for Transforming Prevention, Care, Education, and Research [1]  

Pain can be a warning, a symptom of an underlying condition or an 

illness. It can be acute, such as pain after an injury, recurring, or chronic. Pain 

is a major source of health-related disability and morbidity in the world and in 

the U.S. [2, 3]. In the U.S., chronic pain has recently become a major national 

focus because of complex social, health and environmental conditions. Chronic 

pain is debilitating, and many people now live with chronic pain that is often 

inadequately treated [1]. According to one estimate, approximately 116 

 World Health Organization’s Perronic pain linked to a condition such as 

migraine, arthritis, joint pain, fibromyalgia, irritable bowel syndrome, trauma, 

postsurgical pain, and lower back pain [1]. In addition to causing a massive 

amount of suffering, chronic pain is also expensive—according to estimates 

from an Institute of Medicine (IOM) report, the annual incremental cost of 

health care for chronic pain is at least $261-300 billion and the cost of lost 

productivity is $297-336 billion a year [1]. Part of the difficulty in alleviating 

pain is in the nature of pain as a subjective experience that differs from 

person to person and across situations. It may be both an unpleasant sensory 

experience and an unpleasant emotional experience. Additional complications 
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in alleviating pain come from the methods of treatment that sometimes carry 

risks and are often inadequate. Recently, national attention has turned to the 

use of opioids and other medications that can create dependency that are 

increasingly used illicitly with disastrous consequences. 

 The problem of alleviating pain is further complicated by the fact that 

pain has physical, social and psychological causes [1]. Some of the causes are 

underlying medical conditions or injuries—pain often recedes once these 

conditions are appropriately treated. The social and psychological context of 

the individual suffering from pain is also important and may influence how 

much pain is experienced; the distress level caused by pain, and whether the 

pain subsides or reoccurs (see [1] for a thorough introduction to the topic).  

 Because pain is often related to work and may severely limit an 

individual’s ability to work, workplace safety is critically important to reducing 

the burden of pain on society. The policy environment for the role of pain in 

the workplace depends on occupational and health legislation. In the U.S., 

most occupational legislation deals with physical or mechanical hazards, rather 

than psychosocial factors. Public regulations and programs, such as worker’s 

compensation funds, have evolved over time to address the hazards and risk 

of the work environment. Early regulations of the work environment primarily 

targeted physical risks and the populations viewed as especially susceptible to 

them (such as the regulation of child labor). As the economy has shifted more 

towards the service sector, and technology has become more advanced, the 

nature of work has changed dramatically for almost all Americans.  
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 While physical hazards of the work environment have become a larger 

focus, less policy and societal attention has been placed on the psychosocial 

aspects of the work environment, despite their associations with various 

health conditions, such as cardiovascular disease and depression [4]. Anti-

discrimination and anti-harassment codes are an exception and do try to 

modify the psychosocial work environment. 

 Employer- and union-driven changes and health legislation are also 

important for the context of the work environment primarily because about 

61% of Americans got their health insurance from their employer or through a 

spouse’s or parents’ employer in 2008/2009 (this percentage has fallen since 

1999/2000) [5]. As health insurance and medical care costs have increased, 

many employers have been trying to contain the increases that affect their 

profitability. Employee Assistance Programs have been used by employers, 

primarily large employers, to address employee health and personal issues 

and were an expansion of the traditional model of workplace safety—giving 

employers a mechanism to influence employee health in a larger context. More 

recently, wellness programs have been started at many employers and are an 

even further expansion in the employer’s role in employee health. According to 

the U.S. Bureau of Labor Statistics, about 40-45% of employees had access to 

employee assistance programs (from 2005 to 2010) and about 23-31% of 

employees had access to at least some type of wellness program [6].  

 The central idea of workplace wellness is that employer support for 

employees’ efforts to make healthy lifestyle choices, usually in the form of 

wellness programs, may reduce medical expenditures and increase 
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productivity [7]. This dissertation uses the term health-related employer 

support to identify the idea that employers support their employees’ efforts to 

make lifestyle choices. Despite some evidence that wellness programs do 

decrease medical costs [8-11], the degree of employer control over work 

environment varies, as does individual ability to change behavior, so the links 

between work environment and health may not always be manipulable. The 

number and scope of wellness programs are likely to increase because the 

Affordable Care Act allows employers to use up to 30% of their employees’ 

health insurance premiums to provide outcome-based wellness incentives 

starting in 2014.   

 There is little research on the ability of workplace wellness programs to 

impact pain. Pain is a potentially valuable target for workplace programs since 

the medical costs and lost productive time from pain affect employers. By not 

knowing whether workplace wellness programs can impact pain, the potential 

for additional treatment and alleviation of pain is missed. This is especially the 

case if the pain is partially caused by workplace factors—it may not be 

alleviated until those factors are mitigated. The effects of health-related 

employer support on pain are important to policy makers because of their role 

in workplace safety and because of the initiatives provided under the 

Affordable Care Act. They also matter to employees because they are all at 

risk of pain. Pain’s impact on medical costs and productivity are important 

from the employer’s perspective because they affect profitability and survival.   

 To address the lack of understanding mentioned above, this dissertation 

seeks to quantify the complex relationships between health-related employer 
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support, pain, future medical expenditures and productivity at work. Health-

related employer support for employees trying to improve their physical and 

emotional health can influence pain. As a psychosocial factor, health-related 

employer support may allow employees to manage their symptoms and may 

decrease pressure on employees—reducing the degree of pain [12]. Treatment 

of pain may increase future medical expenditures. Pain may affect productivity 

at work. People in pain may have difficulty performing tasks at work, may 

need to take time off, and may have a higher cognitive load—all of which may 

adversely affect their productivity at work. Additionally, pain may also make 

self-management of other health conditions more difficult, resulting in 

potentially higher medical expenditures and reduced productivity at work. The 

research questions and hypotheses that address these relationships are given 

below: 

A)  To what extent is health-related employer support associated with 

productivity at work and future medical expenditures after controlling for 

additional factors other than pain?   

 Hypothesis A-1 and Rationale: Greater health-related employer support 

will be associated with greater productivity without controlling for pain. 

Health-related employer support should influence productivity at work 

primarily through pain. Greater health-related employer support should 

reduce the amount of pain suffered by the workforce, and so be associated 

with increased productivity. 

 Hypothesis A-2 and Rationale: Greater health-related employer support 

will be associated with lower future medical expenditures without controlling 
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for pain. Greater health-related employer support should reduce the amount 

of pain suffered by the workforce. This reduction in the incidence of pain is 

hypothesized to lead to a negative reduced-form (not controlling for pain) 

relationship between health-related employer support and future medical 

expenditures because pain is likely to increase future medical expenditures 

due to treatment. 

 Competing Hypothesis A-2 and Rationale: Greater health-related 

employer support will be associated with higher future medical expenditures 

without controlling for pain. Instead of health-related employer support 

impacting pain, in turn affecting future medical expenditures, it may instead 

be the case that greater health-related employer support may allow 

employees greater schedule flexibility and/or more generous leave—reducing 

the opportunity cost of obtaining medical care, increasing future medical 

expenditures. 

 The effect described in hypothesis A-2 should dominate the effect in A-3, 

leading to its designation as the main hypothesis. 

B) To what extent does pain mediate the relationships between health-related 

employer support and productivity at work and between health-related 

employer support and future medical expenditures? (Mediation) 

 Hypothesis B-1 and Rationale: Greater health-related employer 

support will be associated with reduced chance of pain. Greater health-

related support should reduce the prevalence of pain in employees by 

allowing them greater latitude to take steps to reduce their pain, by 

providing them with more health related resources or by making 

6



accommodations to employees’ work environment (ex. providing 

ergonomically designed workstations). 

 Hypothesis B-2 and Rationale: Pain will be associated with lower 

productivity at work. Pain should directly reduce productivity at work 

because it makes work-related tasks more difficult to carry out. Pain 

may also induce employees to seek medical care—increasing absence 

for treatment.  

 Hypothesis B-3 and Rationale: Pain will be associated with higher 

future medical expenditures. Pain is likely to increase future medical 

expenditures due to treatment. It may also increase the use of 

additional health care services for two reasons: it may aggravate 

comorbid conditions and because the non-monetary costs of obtaining 

care are reduced if the individual is already seeking treatment for pain. 

 Hypothesis B-4 and Rationale: Controlling separately for pain will 

attenuate any positive associations of health-related employer support 

with productivity. Health-related employer support should influence 

productivity at work primarily through pain. However, it may also 

indicate greater overall availability of resources to improve productivity 

so there may be some residual effect.  

 Hypothesis B-5 and Rationale: Greater health-related employer 

support will be associated with higher future medical expenditures after 

controlling for pain. Greater health-related employer support should 

reduce the amount of pain suffered by the workforce. However, once 

pain is included in the model greater health-related employer support 
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may allow employees greater schedule flexibility and/or more generous 

leave—reducing the opportunity cost of obtaining medical care and 

thereby increase expenditures.  

C) To what extent does health-related employer support moderate the 

relationship between pain and productivity at work and between pain and 

future medical expenditures? (Moderation) 

 Hypothesis C-1 and Rationale: The negative association of pain with 

productivity at work will be larger for those with health-related 

employer support than for those without. For employees with pain, 

greater support should decrease the costs associated with lower 

productivity—employees with pain will be less motivated to maintain 

their productivity at its original level if their employer is more 

supportive. 

 Hypothesis C-2 and Rationale: The positive association of pain with 

future medical expenditures will be greater for those with health-related 

employer support than for those without. More support for employees 

with pain may increase the amount of treatment they receive by 

decreasing the opportunity cost of care. 

 

The hypotheses are explained further in the Chapter 3 in the context of the 

conceptual models. Research questions B and C are closely related but are drawn 

from distinct viewpoints. From an occupational health perspective, we care about 

question B because health-related employer support may have a direct impact on 

employees’ pain. This relationship may affect outcomes that matter to employers. 
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Whether or not an employer is seen as supportive of employee health is something 

companies may be able to change, in turn potentially generating effects on 

productivity and medical expenditures that impact company survival. The research 

question about the potential moderation effect of health-related employer support 

on the relationship between pain and medical expenditures and between pain and 

productivity, question C, allows a more nuanced understanding of the role of 

health-related employer support. Both the mediation of health-related employer 

support by pain and the moderation of pain’s effects by health-related employer 

support are important to understand from a policy perspective since both may be 

reflected in the ultimate outcomes of productivity at work and medical 

expenditures. 

The remainder of this dissertation is divided into chapters. Chapter Two 

reviews the relevant academic literature for each research question. Chapter Three 

describes the conceptual models that guide the empirical analyses and the 

hypotheses for each research question. Chapter Four describes the data sources 

used for the empirical analyses. Chapter Five describes the empirical methods used 

to test the hypotheses. Chapter Six presents the results of the analyses and 

Chapter Seven discusses the results and implications. 
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Chapter 2. Background and Significance  

This chapter will describe the background for each of the research questions and 

discuss this dissertation’s significance. Table 1 (see PDF) lists the studies used in 

this review organized by research question. 

2.1 Is health-related employer support associated with productivity 

at work after controlling for additional factors other than pain?   

 A few authors have used existing psychosocial models, such as the Karasek 

demand-control model, to motivate the association of work environment with 

productivity [13-15]. The measures of employer support used in most studies seem 

to be related to social support from the employee’s boss/supervisor or co-workers 

rather than to health-related support specifically [4, 11, 16-18].  

 A longitudinal study done by Rael and colleagues used data from the 

Whitehall II study to look at the role of social support and chronic stressors (ex. 

financial problems) in absenteeism [19]. Their study focused on social support from 

the respondent’s “closest person” and found that high levels of confiding/emotional 

support predicted higher levels of short and long absences [19]. This association 

increased after controlling for physical and psychological health factors of the 

respondent [19]. The authors posited that the unexpected direction of effect might 

reflect illness behavior [19]. The quantitative measure of social network status that 

included the frequency of social contacts was not statistically significant [19]. Rael 

and colleagues also found suggestive evidence that health status may be an 

intervening variable in the relationship between chronic stressors and absenteeism 
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and that social support may help protect against the effects of chronic stressors 

[19].  

 In a study of the French GAZEL cohort, Melchior and coauthors found that 

below median decision latitude and below median personal social support predicted 

increases in absenteeism [20]. They further found that low satisfaction with social 

relations and low social support predicted increases in absenteeism for men [20]. In 

that study’s cohort, all sickness absence had to be verified by a physician. 

Covariates included age, marital status, educational attainment, occupation, 

smoking status, alcohol use, BMI and self-reported health status [20].  The authors 

did not find any evidence of interactions between the work environment variables 

and the social support variables [20].  

 A recent systematic review of the impact of health, work, and psychosocial 

factors on sick days taken by individuals with inflammatory arthritis included 

studies done in multiple countries [15]. The authors found that 75% or more of the 

studies of the topic found associations between pain and sick days and between 

disease severity and sick days [15]. Relatively fewer studies (and more mixed 

results) were found that reported associations between low control, time pressure 

and sick days [15].  

 Support has also been conceived as a workplace flexibility—essentially a 

measure of employee control [11]. In a meta-analysis, researchers found flextime 

increased productivity at work in the short-run [18]. After controlling for 

demographic factors, positive and negative affect, and coping processes, one study 

found statistically significant associations between certain organizational climate 

and performance at work [14]. However, other studies have not found relationships 
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between psychosocial factors and absenteeism after controlling for demographic 

and other factors such as permanent/temporary status and BMI [13, 14, 21]. One 

study found life dissatisfaction, poor physical health, job dissatisfaction, and high 

stress to be significantly associated with presenteeism in a sample of employees 

working for a large U.S. firm [22]. Job security may also affect productivity—

several studies have found that reduced job security is associated with greater 

productivity loss after controlling for other factors [23, 24] and others have found 

results of the same sign but that differ in magnitude [25, 26].   

2.2 Is health-related employer support associated with future 

medical expenditures after controlling for additional factors other 

than pain? 

 Aggregate future medical expenditures have rarely been used as an outcome 

in models with work environment factors as independent variables. One study 

looking at co-worker support found evidence of a relationship between co-worker 

support and health care utilization, but the nature of the relationship was unclear 

[27]. A review of the efficacy of employer sponsored health-risk reduction programs 

found mixed results with respect to medical costs [28]. Occupational health studies 

generally focus on the impact of workplace factors on health outcomes directly, 

without using medical expenditures. Additional information about the major 

theoretical models is discussed in chapter three.  

12



2.3 To what extent is health-related employer support associated 

with pain? 

Pain is a common complaint but varies among occupational groups [1]. Pain 

can be defined based on its duration, intensity, body area, and quality (ex. sharp, 

dull). Workplace factors can be physical/mechanical or psychosocial. The majority 

of studies linking workplace factors to pain have used cross-sectional data [1, 2, 

26, 29-34].  

Mechanical workplace factors such as rapid work pace, repetitive motion, 

non-natural body postures, vibration, lifting ratios, lifting postures, and poor 

ergonomic workstation design have been shown to be associated with pain, 

particularly in the lower back and neck/shoulder areas [1, 29-33, 35]. While the 

statistical significance of the estimates differ across work settings, it is likely 

mechanical factors are the same across countries. Conversely, the role of 

psychosocial factors seems more likely to differ across countries [36]. 

 Relatively few studies have investigated the role of psychosocial factors in 

pain. Several studies have found associations between low control and 

musculoskeletal pain or neck pain after controlling for demographic factors but 

other studies have not [2, 31, 35, 37]. Poor communications, unsupportive 

workplace culture, low levels of social support and isolation have been found to 

increase morbidity of musculoskeletal pain, neck/shoulder pain, or lower back pain 

[2, 31, 32, 35, 37-39]. There is also some evidence that job insecurity, work-life 

conflict, and job satisfaction are related to lower back pain and neck/shoulder pain 

[31, 33, 35]. A meta-analysis that included 79 studies and evaluated the 

relationship between work stressors—defined closely to the occupational health 
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concept but not to health-related employer support—and backache, headache, 

eyestrain, sleep disturbances, dizziness, fatigue, appetite, and gastrointestinal 

problems [34]. Many of the studies in this area suffer from omitted variable bias, 

especially with respect to non-work social support and mental and physical health 

status. None of them included health-related workplace support as part of the work 

environment.  

2.4 To what extent is pain associated with productivity at work?  To 

what extent is pain associated with future medical expenditures?   

 A search of several academic article databases did not yield any published 

articles or dissertations that evaluated the potential for chronic pain to be a 

mediator in the relationship between health-related workplace support and the 

outcome variables (productivity and medical expenditures).  One paper, using the 

same data that is used for one of the sensitivity analyses in this dissertation1 

included both workplace factors and pain in regression analyses of productivity at 

work [40]. The data includes two years of survey data for employees from five 

employers in the U.S. The measures of productivity at work used in the study were 

as follows: an indicator for whether the employee had any sick days in the last 

month, a constructed measures of presenteeism (WBA-P), and the employee’s 

rating of their own productivity over the previous month on a 0-10 scale (10 is the 

highest level) [40].  Many covariates are included in the regression models 

(multiple regression with individual fixed effects for binary outcome, first difference 

for continuous outcomes): recurring pain, lack of exercise, emotional health below 

                                       
1 The sample used in the paper and in this dissertation, is comprised of U.S. employees from 5 different 
employers with two time points (survey data). 
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seven on 0-10 scale, cannot afford healthcare, cannot afford food, cannot afford 

medical care, high blood pressure, smoking, high cholesterol,  unhealthy diet, lack 

of exercise, heavy alcohol use (more than one drink/day women or two drinks/day 

for men), wear seatbelt less than 90% of time, emotional health below seven on 0-

10 scale, social ties below average, job dissatisfaction, boss treats employee as 

their boss rather than as their partner, not getting to use strengths on job, 

environment not open and trusting, perceived organizational care for well-being 

less than seven on 0-10 scale, sex, age, marital status, education level, manager, 

job tenure, and employer indicators [40]. The indicator for recurring pain is the 

same measure as used for this dissertation2.  

 Recurring pain is found to be significantly related to lower productivity for 

each of the three outcomes [40]. The measure of organizational support in the 

paper by Yuyan Shi and colleagues is more general than the one used in this 

dissertation, which focuses on health related support. Their general measure of lack 

of organizational support was statistically significant in the models of job 

performance and the presenteeism index (WBA-P) [40].  The measure was 

associated with reduced productivity in both cases [40]. Several of the other 

measures of negative job characteristics were also associated with increased 

presenteeism and decreased job performance [40]. While using a similar data 

source (including the WBA survey given to employees), the data used in this 

dissertation comes from a larger sample with more employers. The panel sample 

used for the paper by Yuyan Shi and colleagues is also different from the data used 

for this dissertation because every employer in the published paper’s sample 

                                       
2 This variable is discussed in greater detail in Chapter 4. 
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implemented a “multidimensional workplace wellness program” in between the two 

survey years—leading to difficultly in attributing the associations between the 

variables [40]. This dissertation also uses different control variables motivated by 

its conceptual model.  

 A recent meta-analysis evaluated 275 effects from 153 studies and found a 

small positive association between work strain and absenteeism and between illness 

and absenteeism using structural equation models [26]. An interesting paper using 

a sample of 105 full-time nurses found that elevations in salivary cortisol mediated 

the effects of job demands and job control on health care costs measured over a 5-

year period [41]. Age, BMI, smoking status, somatic complaints and additional 

physical reactivity were covariates in the analysis [41]. The study did include 

mental health care costs separately, but they were not predicted by job demands or 

physical reactivity [41].  

 The relationships between pain and productivity at work and between pain 

and medical expenditures are key components in evaluating the mediation 

proposed by hypotheses B-2, B-3, B-4, and B-5. The remainder of this section 

discusses the background for these relationships. 

 One study found 55% of employees with pain reported at least one additional 

outpatient visit to a medical provider for pain and large increases in work 

limitations relative to a very healthy comparison group [42].  Another study that 

used data from multiple sources such as the Medstat Market Scan Health and 

Productivity Management database, the Midlife in the United States survey, and the 

American Productivity Audit, found that musculoskeletal conditions (usually a 

primary source of pain) were one of the top ten most expensive conditions when 
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medical and productivity costs were combined [43]. Other researchers have found 

that pain conditions result in adverse impacts on productivity even after controlling 

for a variety of factors such as age, gender, smoking status, use of relaxation 

medications, life dissatisfaction, race/ethnicity, sick pay status, and union 

membership [22, 44, 45].  

 There are two main methods of estimating the role of pain in medical 

expenditures. Under the diagnosis specific method, administrative medical claims 

are used to define and aggregate all expenditures directly related to pain. Usually, 

studies in this area rely on International Classification of Diseases (ICD) codes to 

classify expenditures. This use of ICD codes may underestimate pain-related 

expenditures because some pain-related care, such as hospitalization for 

mechanical device problems, is not incorporated [46]. In contrast, the 

“incremental” method errs on the side of attributing too large a share of 

expenditures to pain by comparing expenditures of patients suffering from pain to 

expenditures of patients not suffering from pain despite evidence that patients’ 

expenditures for non-pain related care increase if they are in pain [47]. Studies 

using the incremental method usually assume that non-pain conditions have the 

same prevalence in the populations with and without pain (they do not control for 

additional medical comorbidities). 

A study that used the incremental method with Medical Expenditure Panel 

Survey (MEPS) data, found that those with spine problems had higher medical 

expenditures than those without, but the difference in expenditures decreased 

when the authors controlled for comorbidities [46]. Using only data from 

administrative claims, two studies found higher overall medical expenditures for 
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individuals in the 1-3 months after an initial doctor’s visit for neck or back pain 

[47]. The relatively short time period implies that these studies were unable to 

capture a broader picture of total utilization [46, 47]. They also left out many 

confounding factors that influence utilization such as sex and age [46, 47]. 

The health economics literature generally focuses on the share of employer 

costs that are attributable to different conditions without accounting for the 

potential influence of  health-related employer support and other psychosocial 

workplace factors [1, 43, 48-51]. One study that used MEPS data and adjusted for 

age, gender and other characteristics found those with work-limiting pain had more 

missed work, fewer hours, and lower wages than those without pain as well as 

higher medical expenditures [1].  

Many studies that evaluate the costs of health conditions, find that for certain 

kinds of pain there are relatively greater losses from reduced productivity at work 

than from medical expenditures [43, 49]. These other costs include short-term 

disability, workers’ compensation, incidental absence and turnover as well as direct 

productivity loss. A review of lower back pain studies published between 1997 and 

2007 found that among studies reporting total costs, the costs from lost 

productivity (indirect costs) were greater than the costs of medical care (direct 

costs) [48]. The review also found differences in estimated shares depending on the 

methods used to calculate the productivity related costs [48]. 

Using data from surveys of employees and medical claims, the authors of 

another very large study (about 49,000 respondents) found that back/neck pain 

had relatively higher medical costs compared to productivity costs [51]. While this 

finding was atypical for the literature, the authors compared the coefficients of 
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stratified linear regressions and used a 1 to 10 scale of work performance as their 

measure of presenteeism, methods different from much of the previous literature 

[51]. The regressions did control for age, gender, and occupation but the authors 

only compared people with one of the focal conditions (ex. back/neck pain) to 

people with none of the conditions and separately to people with other conditions 

but not the focal condition (each condition was a separate regression) [51]. In 

addition to problems arising from using a linear model for medical expenditures, 

this estimation strategy did not allow for estimates of the relative contributions of 

different factors and estimated very different parameters than much of the previous 

literature.  

2.5 To what extent does health-related employer support moderate 

the relationship between pain and productivity at work after 

controlling for additional factors? To what extent does health-related 

employer support moderate the relationship between pain and future 

medical expenditures after controlling for additional factors?   

 Despite a thorough search of the literature, no studies of the moderation 

effect of health-related employer support on the relationships between pain and 

productivity at work or future medical expenditures were found. This section 

discusses the literature that is conceptually closest to the topic of the research 

questions. A measure of the psychosocial safety climate predicted changes in 

employee engagement and moderated the relationship between emotional demands 

at work and emotional exhaustion in one study [52]. A study of Finnish trade-union 

members (n=884) used the match between respondents’ desired and actual weekly 

work hours and whether efficiency was the most important factor in work situations 
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to predict absenteeism and presenteeism after stratifying based on the 

respondent’s health status (0-7 poor or 8-10 good) [53]. Age, sector of economy, 

size of establishment, respondents’ estimate of their own replaceability, and 

whether or not the respondent had to obtain certification for medical absence were 

covariates [53]. The authors found agreement between desired and actual hours 

reduced both productivity outcomes for respondents with poor health [53]. They 

also found that efficiency demands increased presenteeism for respondents with 

good health [53]. Absenteeism was defined as an indicator of whether the 

employee had been absent at least 2 times because of illness in the year preceding 

the study [53]. A search of several academic article databases did not yield any 

additional published articles or dissertations looking at the potential for health-

related employer support as such moderating factors. 

2.6 Significance  

 This dissertation contributes to the literature in a number of ways. The 

questions it asks are different than have been asked in previous studies, the data 

and some of the measures are new, and the methods are also different than have 

been used in some of the previous literature. The remainder of this section 

describes each area of contribution in turn.  

Research Questions 

 This dissertation evaluates pain as potential mediator for health-related 

employer support in its relationships with medical expenditures and productivity at 

work. These relationships have been neglected in the literature. In a recent review, 

Schultz and coauthors found only 3 studies—discussed earlier in this review—that 

included healthcare expenditures, pharmacy expenditures, absenteeism costs, and 
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presenteeism costs in their assessment of condition-specific costs but they did not 

include work environment and chronic conditions as potential confounders [54].  

Moreover, this dissertation examines health-related employer support as a potential 

moderator of the relationships between pain and future medical expenditures and 

between pain and productivity at work. Employees with pain may be less motivated 

to maintain their productivity because health-related employer support may 

decrease the costs associated with lower productivity. Employees with pain may 

also obtain more medical treatment because health-related employer support may 

lower their opportunity cost of time.  

Data and Measures 

 The sample used for this dissertation provides evidence for U.S. workers 

rather than for workers in other countries, who may have very different cultural 

circumstances surrounding pain, different public policies, different health care 

environments, and different reactions to different psychosocial work environments. 

A cross-sectional pooled dataset of Well-being assessments (WBA) from 40,036 

employees across 15 different companies compose the data for this dissertation (an 

additional 2,725 individuals are dependents). For 5 of these companies, two WBAs 

from consecutive years form an additional longitudinal pooled dataset.  

 Medical, pharmacy, and mental health claims are also available for one 

employer in the cross-sectional sample. Previous studies have generally included 

only expenditures for physical health care or included only administrative claims 

data with no linked survey component. Excluding mental health expenditures may 

lead to different conclusions than including them because people may seek out 

different types of care in response to pain and workplace stress. This study will use 
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the incremental method to compare medical expenditures but will control for 

comorbidities to avoid some of the biases of previous work.  

 This paper differs from the wellness program literature because it uses 

employee-level survey data that allow for variation within worksite, whereas other 

studies have used worksite-level measures. The health-related employer support 

measures used in this dissertation may capture perceptions not captured by the 

traditional psychosocial or workplace safety measures.  

 The measurements of pain and of relative self-rated performance are 

different in this study from much of the previous literature. Because pain is often 

not diagnosed [1] or occurs in conjunction with diagnosed medical conditions, this 

study captures a more complete picture of the role of pain in the workplace than 

others have because of its broader definition. Other measures of presenteeism may 

not account for employees’ efforts to “make up the time” whereas employees are 

more likely to include this substitution in their own assessments or their relative 

productivity.  

Methods 

 While a few other studies have looked at both future medical expenditures 

and productivity using the same sample, which reduces omitted variable bias and 

increases efficiency, they used definitions of pain that that included work-

impairments (ex. defining pain as “pain that limits your ability to work”) rather than 

evaluating how much pain interferes with work by measuring pain and work 

separately [1, 48]. This study includes analyses with a constant sample for all 

research questions as a sensitivity analysis. The sample for the research questions 

that do not use medical expenditures as an outcome are larger than most in the 
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literature and also include a greater geographic and occupational diversity for the 

U.S.  

 Additionally, this study controls for more individual-level factors than has 

been done in previous individual-level studies, thereby reducing omitted variable 

bias. For example, non-work social support may substitute for health-related 

employer support, so not including it might lead to bias in estimates of the 

coefficient on health-related employer support. This study also includes statistical 

methods such as multiple imputations that have not been used in previous studies 

of similar topics—hopefully reducing bias.  
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Chapter 3. Conceptual Model  

This chapter describes the overarching conceptual model and then describes 

the conceptual models that guide the empirical work for each outcome, pain, 

productivity at work, and future medical expenditures. The models for each 

outcome mirror the “shape” of the overarching model for clarity. To keep the 

conceptual models simpler, only the most critical relationships are shown as paths 

but some of the many other possible relationships between predictors are 

addressed in sensitivity analyses.  

3.1 Overarching Conceptual Model 

  Each path in the overarching conceptual model is labeled with a number that 

corresponds to the research questions (Figure 2). The two reduced form research 

questions: (A-1) is health-related employer support associated with productivity at 

work after controlling for additional factors other than pain and (A-2) is health-

related employer support associated with future medical expenditures after 

controlling for additional factors other than pain. These research questions evaluate 

the total impact of health-related employer support on productivity at work (paths 

1, 2, and 2”) and on future medical expenditures (paths 1, 3, and 3”), including 

both the indirect effects and direct effects. There are also five mediation research 

questions: (B-1) to what extent is health-related employer support associated with 

pain (path 1), (B-2) to what extent is pain associated with productivity at work 

(path 2), (B-3) to what extent is pain associated with future medical expenditures 

(path 3), (B-4) to what extent does controlling for pain attenuate the association 

between health-related employer support and productivity at work (path 2”), and 
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(B-5) to what extent does controlling for pain attenuate the association between 

health-related employer support and future medical expenditures (path 3”). The 

two moderation research questions: (C-1) to what extent does health-related 

employer support moderate the relationship between pain and productivity at work 

after controlling for additional factors, and (C-2) To what extent does health-related 

employer support moderate the relationship between pain and future medical 

expenditures after controlling for additional factors, evaluate paths 2’, and 3’, 

respectively. 

3.2 Conceptual Model of Pain 

 This first section discusses the conceptual model of pain because the 

relationship between health-related employer support and pain underlies several of 

the other research questions. The dominant conceptual model in chronic pain 

research is the “biopsychosocial model,” which recognizes that the context for pain 

is biological, psychological, social/family, and cultural [55]. The conceptual model of 

pain in this dissertation recognizes a similar set of factors as contributing to pain. 

Starting at the top-middle of Figure 3, health-related employer support may affect 

pain (Figure 3, path 1). Health-related employer support may take many forms, 

support for employee efforts to improve their physical and emotional health that is 

the focus of this dissertation. Employees with this type of health-related employer 

support may have greater access to health resources and may be able to secure 

modifications to their work environment or schedule that allow them to better 

manage and prevent ill health. While pain is highly individualized, modifications to 

work and living environments may help reduce pain for many people [1]. The 

potential role of health-related employer support to allow employees to improve 
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health combined with the potential for pain to be modifiable, leads to the following 

hypothesis for research question B-1: greater health-related employer support 

will be associated with reduced chance of pain (arrow 1). Greater health-

related support should reduce the prevalence of pain in employees by allowing 

them greater latitude to take steps to reduce their pain, by providing them with 

more health related resources or by making accommodations to employees’ work 

environment (ex. providing ergonomically designed workstations). 

 Psychosocial Workplace Factors Moving counter-clockwise to the top-left 

of the figure, other psychosocial workplace factors have been shown to be related 

to a variety of health outcomes, such as cardiovascular disease and mental health, 

and may also affect pain [4]. The Demand-Control Model, as first written about by 

Karasek in 1979, emphasized two aspects of the work environment: the employee's 

level of control over their work and the employee's level of demands [56]. Karasek 

developed this model for work environments where chronic stressors were the 

product of organizational decisions. Workers with above average demands and 

below average decision latitude are said to have “job strain” [56, 57]. While many 

studies have found significant positive relationships between job strain and 

coronary heart disease, poor mental health and increased work systolic ambulatory 

blood pressure, the results are mixed for other behaviors and health outcomes [4, 

57].  

The concept of Iso-strain adds social support to the Demand-Control Model in 

an attempt to capture additional psychosocial factors leading to healthy or 

unhealthy work environment [4, 58]. Social support at work comes from 

supervisors, coworkers or both groups. Social support can be further classified into 
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the instrumental and the emotional [4]. Iso-strain occurs when there is both job 

strain and a lack of social support. While not a lot of work has tied iso-strain to 

health outcomes, there is some suggestive evidence that high social support may 

moderate the effects of job strain on health and that iso-strain increases risks of 

poor health outcomes (including pain) above the risks of job strain alone [4, 58]. 

Another model of psychosocial factors, the Effort-Reward Imbalance Model 

developed by Siegrist “claims that lack of reciprocity between ‘costs’ and ‘gains’ 

defines a state of emotional distress, which can lead to the arousal of the 

autonomic nervous system and associated strain reactions”[59]. Effort-Reward 

Imbalance (ERI) has extrinsic and intrinsic components. The extrinsic components 

include demands/obligations and motivation[4, 60]. The intrinsic components are 

labor income, career mobility/job security, esteem/respect, and motivation. Over-

commitment, a part of motivation, may prevent people from appropriately 

assessing the costs and gains of their position and may lead to continued ERI.  

 As mentioned, low control, job satisfaction, and job insecurity are examples 

of psychosocial factors that have been found to be associated with different types of 

pain. It is likely that there are biobehavioral mechanisms that create the 

relationship between psychosocial workplace factors and pain. The possibility that 

psychosocial workplace factors and health-related employer support affect other 

dimensions of health, such as obesity, is represented by the arrows that go around 

the most of the diagram. While these relationships are important, they are not 

explicitly modeled in the empirical analysis because physical and mental health 

status is controlled for in the regression model.  
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 Moving counter-clockwise around Figure 3, non-work responsibilities, non-

work social support, physical and mental health status, physical health behaviors, 

and physiology are additional factors that may affect pain.  

 Non-Work Responsibilities Starting at the bottom-left of the figure, non-

work responsibilities, such as caregiving, may entail lifting outside of work (ex. 

transfers from bed to wheelchair) and may put individuals at an increased risk of 

pain [61, 62]. Other elements of non-work responsibilities, such as parenthood, 

may also increase risk of pain [63]. Non-work responsibilities may also aggravate 

other conditions that cause pain, such as arthritis.  

 Non-Work Social Support Non-work social support may directly affect an 

individual’s level of pain and their ability to cope with pain they experience [1]. 

Moving to the right in the figure, having social support outside of work decreases 

the risk of pain and may improve individuals’ abilities to cope with pain. This has 

been shown in literature primarily through acute pain, including experimentally, but 

has also been found to be associated with chronic pain [1, 64, 65]. The relationship 

with chronic pain is more complicated because individuals with chronic pain may 

also withdraw due to pain—reducing their available level of social support [1].  

 Physical and Mental Health Status Particular health conditions, such as 

diabetes or cancer, may cause pain directly, and overall health may be a factor in 

susceptibility to pain (box is at the bottom-middle of Figure 3) [1]. Pain can also be 

caused by efforts to repair or mitigate the effects of other health conditions, such 

as persistent post-surgical pain caused by coronary artery bypass surgery [66]. The 

emotional context for pain, for example the presence of negative emotions, has 

been shown to be a risk factor for both acute and chronic pain [1]. Mental health 
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disorders are often comorbid with chronic pain, especially depression, anxiety and 

substance abuse disorders [55, 67]. Furthermore, pain may influence mental 

health, such as by increasing anxiety, since it is an emotional experience [1, 67].  

 Physical Health Behaviors Continuing to move counter-clockwise, physical 

health behaviors, such as exercise, may increase or decrease individual risk of pain. 

While pain can limit physical activity, there has been documentation of beneficial 

effects of safe exercise on chronic pain [1]. Other physical health behaviors, such 

as drug and alcohol use may also be related to pain and mental health. Alcohol use 

in particular has been shown to reduce pain—as much as 28% of people with 

chronic pain use alcohol to reduce pain, despite the risks and potential health 

consequences [68]. Physical health behaviors also have a reciprocal relationship 

with physical and mental health status and are addressed with sensitivity analyses 

[69].  

 Physiology Aspects of physiology may also influence pain. Genetic factors 

can influence the way that pain-related information is processed by the central 

nervous system, may affect the strength of the nociceptive response (how nerves 

transmit signals of pain to the brain), and be partially responsible for the observed 

gender differences in the perception, tolerance and response to pain3 [1, 66, 70, 

71]. There is also some evidence that genetic factors influence individual likelihood 

of addiction to opioids that can be used to treat chronic pain [72].  

                                       
3 Gender differences may also be linked to hormones, serotonin, dopamine, “gender roles”, and other 
factors. According to recent work, the distinction between the biologic and psychosocial aspects of 
differences in pain by gender or sex, may be artificial  70. Fillingim, R.B., et al., Sex, Gender, and 
Pain: A Review of Recent Clinical and Experimental Findings. The Journal of Pain, 2009. 10(5): p. 447-
485. 
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 Physical Load At Work Physical load at work, including lifting, bending, 

maintaining awkward postures, and twisting directly influence pain as discussed in 

chapter two and is shown at the top-right of Figure 3 (counter-clockwise from last 

box). Repetitive motion is another physical load aspect of work that has been 

shown to cause pain and increase the risk of injury. Of course, individuals with pain 

are also less likely to select jobs that have a high physical load. This means that in 

the cross-section the relationship between pain and physical load might be smaller 

than it would be without the effects of selection. 

3.3 Conceptual Model of Productivity 

Productivity at work is another of the major conceptual outcomes and is 

affected by a variety of factors. Models of productivity at work share some features 

in common with model of labor supply. In a classical economics framework, 

employees choose the amount of time they spend working (labor supply) and 

partially determine their level of human capital [73-76].  Generally, human capital 

is a person’s stock of resources or knowledge that is either innate or acquired that 

furthers their productivity [77-79]. More recently, the literature has also begun to 

assess the role of psychosocial factors as the area of “human resource 

management” [80]. However, the factors are different than those commonly 

studied in occupational health. From an occupational health perspective, production 

and management processes (work environment) play a critical role in both 

productivity and employee health. In the model used in this dissertation (Figure 4), 

productivity at work is influenced by pain and health-related employer support as 

well as by other factors that can either be viewed as aspects of human capital or as 

environmental.  
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Pain Beginning with one of our concepts of interest (middle-left of Figure 4), 

pain should directly reduce productivity at work because it makes work-related 

tasks more difficult to carry out. Pain may also induce employees to seek medical 

care—increasing absence for treatment. Hypothesis B-2, having pain will be 

associated with lower productivity at work is for testing this relationship 

(arrow 2).  

Health-Related Employer Support Moving clockwise around the figure, 

health-related employer support should influence productivity at work primarily 

through pain. Greater health-related employer support should reduce the amount of 

pain suffered by the workforce, and so be associated with increased productivity. 

This idea corresponds to Hypothesis A-1: greater health-related employer 

support will be associated with greater productivity without controlling for 

pain (arrows 1, 2, and 2”). The direct effect of health-related employer support 

after controlling for pain is shown by arrow 2” and corresponds to Hypothesis B-4: 

controlling separately for pain will attenuate any positive associations of 

health-related employer support with productivity at work. As shown in the 

Figure, this conceptual model also posits that health-related employer support may 

moderate the relationship between pain and productivity at work (shown by arrow 

2’). For employees with pain, greater support should decrease the costs associated 

with lower productivity—employees with pain will be less motivated to maintain 

their productivity at its original level. The relevant hypothesis is C-1: the 

negative association of pain with productivity at work will be larger for 

those with health-related employer support than for those without.  
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Psychosocial Work Environment Continuing to move clockwise around the 

figure (bottom-left) psychosocial aspects of the work environment may also affect 

productivity [81, 82]. Employees are likely to be less productive if engaged in 

interpersonal conflict or if the psychosocial environment affects their ability to 

concentrate and perform job tasks [52, 83]. Interestingly, many of the production 

models that have increased production, such as lean production, may have also 

increased the psychosocial hazards of work, although there is heated debate in this 

area [4, 84]. 

Technology/Firm Capital and Human Capital According to basic 

economic theory, each worker’s productivity depends on their level of human 

capital as well as on the level of capital they can use on the job (technology/firm 

capital). The level of capital (or technology) can directly affect the productivity of 

each worker—for example, using a calculator compared to an excel spreadsheet to 

generate product forecasts. Human capital is generally thought of as having two 

components, one based on the worker’s individual skills and knowledge and the 

other based on the worker’s level of firm specific knowledge [75, 79]. Individuals 

with more skills and greater knowledge of their jobs have the capacity to be more 

productive than individuals with fewer skills and less knowledge.  

Physical and Mental Health Status Moving clockwise, physical and mental 

health status may affect the type and quality of work tasks as well as the speed 

with which tasks are accomplished. Individuals with worse physical and mental 

health are likely to be less productive than individuals with better health, all else 

equal [85-87]. 
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Non-Work Responsibilities Greater non-work responsibilities may cause 

employees to shirk their responsibilities at work or may distract them while they are 

at work or increase their cognitive load, making them less effective at work. 

3.4 Conceptual Model of Medical Expenditures 

 Future medical expenditure, a function of prices and utilization, is the other 

major outcome in the overarching conceptual framework. There are a few different 

theoretical frameworks for determining the consumption of health services, and 

therefore expenditures. One of the most dominant models in health services 

research is the Anderson model of health. Initially, this model had predisposing 

characteristics, enabling factors, and need as inputs into health services utilization 

[69, 88]. The Anderson model currently divides factors contributing to outcomes 

(perceived health status, evaluated health status, consumer satisfaction) into 

interrelated categories: environment (health care system, environment),  

population characteristics (predisposing, enabling, need), and health behaviors 

(personal health factors, use of health services) [69, 88].  

 Economic theory primarily approaches health services utilization in two main 

ways. From the perspective of traditional consumer theory, medical care utilization 

is determined by both supply-side and demand-side factors  (demand for 

health/Grossman model) [89, 90]. From the perspective of principal-agent models, 

the agent-physician determines utilization for the principal-patient [91-93]. The 

model used in this dissertation is most similar to the Grossman and Anderson 

models in its determinations of factors that affect future medical expenditures 

(Figure 5). 
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 Pain As shown on the right-hand side of Figure 5, pain is likely to increase 

future medical expenditures due to treatment. It may also increase the use of 

additional health care services for two reasons: it may aggravate comorbid 

conditions and because the non-monetary costs of obtaining care are reduced if the 

individual is already seeking treatment for pain. These ideas are tested by 

Hypothesis B-3: pain will be associated with higher future medical 

expenditures (arrow 3). 

 Health-related Employer Support As discussed for the conceptual model 

of pain, health-related employer support is hypothesized to reduce pain in 

employees (move counter clockwise in the figure). This reduction in the incidence of 

pain is hypothesized to lead to a negative reduced-form relationship between 

health-related employer support and future medical expenditures: (A-2) greater 

health-related employer support will be associated with lower future 

medical expenditures without controlling for pain (arrows 1, 3 and 3”). 

However, it may instead be the case that greater health-related employer support 

may allow employees greater schedule flexibility and/or more generous leave—

reducing the opportunity cost of obtaining medical care. Competing hypothesis A-2 

follows this logic: greater health-related employer support will be associated with 

higher future medical expenditures without controlling for pain. Hypothesis B-5: 

greater health-related employer support will be associated with higher 

future medical expenditures after controlling for pain (arrow 3”) also follows 

this logic. The conceptual model also allows for the possibility that health-related 

employer support might moderate the relationship between pain and future medical 

expenditure after controlling for additional factors (arrow 3’). More support for 
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employees with pain may increase the amount of treatment they receive by 

decreasing the opportunity cost of care. Hypothesis C-2 refers to this potential 

moderation: the positive association of pain with future medical 

expenditures will be greater for those with health-related employer 

support than for those without. Additional factors that influence future medical 

expenditures are loosely divided into demand-side factors (bottom-right) and 

supply-side factors (bottom-left). 

  Supply-Side Factors Moving counter clockwise around the figure; provider 

density, facility density, area practice patterns, and area input prices are supply-

side factors that may influence future medical expenditures. If certain types of care 

are scarce because of low densities of providers or facilities, medical expenditures 

might be lower because individuals may not be able to access those types of care 

(their non-monetary costs are high). Of course it is also possible that the relative 

scarcity of these resources may drive up the reimbursements offered to providers 

and be passed on to individuals through benefit structures. There is some evidence 

from regional samples that areas with greater supply have greater utilization 

overall, although it is mostly based on correlations [94-96]. While practice patterns 

are additionally likely to influence individuals’ utilization [96, 97], they should not 

influence prices paid by individuals in the short run. Area input prices should 

influence reimbursement policies (and potentially individual benefit structures) 

[96], but should have relatively less impact on utilization.  

 Psychosocial Work Environment Moving to the bottom-middle of Figure 5, 

aspects of the psychosocial work environment may be confounders in the 

relationship between health-related employer support and future medical 
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expenditures. Psychosocial workplace factors may affect health, in turn affecting 

future medical expenditures, and may also affect expenditures directly. For 

example, Individuals who suffer from severe time constraints at work, or who work 

very long hours may have lower medical expenditures because their time to seek 

medical care might be constrained (these individuals are also likely to have worse 

health because of workplace factors). Adverse psychosocial conditions may also 

make it difficult for individuals to take time off to receive medical care. Another 

example is that of individuals who are unsatisfied with their current job and who 

may access more medical care before leaving the position and presumably their 

health insurance.  

  Monetary Resources And Out-Of-Pocket Prices If medical care is viewed 

as a normal good (demand increases with income), then as the out-of-pocket price 

of medical care rises, individuals should consume less if everything else stays the 

same [89, 90]. Individual out-of-pocket prices vary with the type of insurance. 

Insurance that is more generous translates into relatively lower out-of-pocket 

prices for each episode of care. The structure of benefits, such as whether the plan 

uses a gatekeeper model, may also influence an individual’s utilization of care. 

Empirical evidence supports the notion that those with more insurance use more 

medical care [98, 99]. Moving down further in the diagram, monetary resources 

influence utilization through the individual’s budget constraint [89, 90]. Individuals 

with greater financial resources are able to afford more medical services, all else 

being equal.  

 Preference for Health Care Moving counter clockwise around the figure, an 

individual’s preference for health care is an important demand-side factor because 
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individuals with different preferences for health care may have different levels of 

utilization and expenditures even if they are otherwise identical [100, 101]. 

 Physical And Mental Health Status Individuals with greater physical or 

mental illness are likely to have higher future expenditures4 because they are more 

likely to seek and get medical treatment. This is shown in the diagram by the box 

for physical and mental health status.  

  

  

                                       
4 Function of total prices and utilization. 
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Chapter 4. Data and Measurement 

  These data are from a restricted-use dataset that includes health insurance 

claims and a questionnaire designed to assess well-being and health risks (WBA). 

Healthways LLC provided the dataset free of charge for this particular project 

(agreement between Susan Ettner and Healthways LLC). The UCLA IRB (IRB#11-

003195) approved the study. This chapter describes these data and the particular 

samples used for each of the research questions. This chapter also describes how 

the measures relate to the conceptual models discussed in Chapter three. 

4.1 Study Design & Setting 

 This dissertation primarily uses a pooled sample of employees from 15 U.S. 

employers. State of residence information is missing for every employee of one of 

the 15 employers, so that employer is dropped from all analyses. Employees for 13 

of the remaining 14 employers took the WBA in 2010; employees of the other 

employer took it in 2008. Of the 13 employers whose employees took the WBA in 

2010, five administered an additional WBA in 2011—giving two years of linked 

survey data for five employers. Both time points are used for some sensitivity 

analyses. Administrative medical claims, including mental health claims, are 

available for employees of the employer with the 2008 WBA. These medical and 

mental health claims for eligible employees span the period 1/1/2007 to 

12/31/2009.   

There is some variation in employer size and location in the productivity 

sample. Eight of the employers each have between 150 and 500 respondents. Four 

of the employers have between 1,000 and 3,000 respondents each. The majority of 

38



the sample is made up of two large employers that each have between 10,000 and 

15,000 respondents. The sample is also spread out geographically, as seen in 

Figure 6. There are respondents in every state, but most of the sample is 

concentrated in California, Iowa, Illinois, and New York (the data shown in the map 

are from the final sample—i.e. the exclusion criteria have already been applied).  

4.2 Merging Claims and WBA data 

 Each employee within each employer has an encrypted identification number. 

The claims data and the monthly health insurance eligibility data identify employees 

with the same encrypted identification number. These numbers were used to link 

the claims and the WBA data for the appropriate employees.  

4.3 Participants  

  The estimation samples differ by research question and are named for the 

relevant outcome variables. This section discusses the exclusion criteria and 

descriptive statistics for the different estimation samples. Table 4.1, below, 

summarizes the exclusion criteria for the different estimation samples. 

Table 4.1: Exclusion Criteria for Estimation Samples Listed by Outcome 

Outcome Variable: 
Analysis 
Description 

Applicabl
e 
Research 
Question
s 

Individuals are excluded 
from the estimation 
sample if: 

Estimation 
Sample Size 

Productivity at 
Work: Original 

A-1, B-2, 
B-4, C-1 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 

14 employers 
N= 34,359 
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missing 
Pain: Original B-1 1. They were a dependent 

of an employee  
2. They did not report 

working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing 

14 employers 
N= 34,359 

Future Medical 
Expenditures: 
Original 

A-2, B-3, 
B-5, C-2 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing 

4. They were not 
continuously eligible for 
health insurance for 12 
months after survey 

1 employer 
N= 1,584  

Future Medical 
Expenditures: 
Sensitivity Analysis 
controlling for 
previous medical 
expenditures 

A-2, B-3, 
B-5, C-2 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing 

4. They were not 
continuously eligible for 
health insurance for 12 
months after survey 

5. They were not 
continuously eligible for 
health insurance for 12 
months before survey 

1 employer 
N= 1,371  

Future Medical 
Expenditures: 
Sensitivity Analysis 
using all available 
claims data 

A-2, B-3, 
B-5, C-2 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 

2 employers 
N= 9,767  
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missing  
4. They were not eligible for 

health insurance for any 
of the 12 months after 
survey 

Productivity at work: 
Sensitivity Analysis 
controlling for drug 
and alcohol use 

A-1, B-2, 
B-4, C-1 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing  

4. Their employer’s survey 
did not include questions 
about drug and alcohol 
use 

13 employers 
N= 32,603  

Productivity at work: 
Sensitivity Analysis 
using employees of 
1 employer that has 
dependents  

A-1, B-2, 
B-4, C-1 

1. They were a dependent 
of an employee  

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing  

4. Their employer’s survey 
did not include 
dependents 

1 employer 
N=11,368 

Productivity at work: 
Sensitivity Analysis 
using dependents of 
employees of 1 
employer that has 
dependents  

A-1, B-2, 
B-4, C-1 

1. They did not report 
working for their 
employer for at least 12 
months 

2. Information on their 
state of residence was 
missing 

3. Employer’s survey did 
not include dependents  

4. They were an employee 

1 employer 
N=1,826 

Pain: 
Sensitivity Analysis 
controlling for drug 
and alcohol use 

B-1 1. They were a dependent 
of an employee 

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 

13 employers 
N= 32,603  
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state of residence was 
missing 

4. Their employer’s survey 
did not include drug and 
alcohol use questions 

Pain: 
Sensitivity Analysis 
controlling for 
race/ethnicity 

B-1 1. They were a dependent 
of an employee 

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing 

4. Their employer’s survey 
did not include questions 
about race/ethnicity 

10 employers 
N= 17,975 

Pain: 
Sensitivity Analysis 
using employees of 
1 employer that has 
dependents  

B-1 1. They were a dependent 
of an employee 

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 
state of residence was 
missing 

4. Their employer’s survey 
did not include 
dependents 

1 employer 
N=11,368 

Pain: 
Sensitivity Analysis 
using dependents of 
employees of 1 
employer that has 
dependents  

B-1 1. They did not report 
working for their 
employer for at least 12 
months 

2. Information on their 
state of residence was 
missing 

3. Their employer’s survey 
did not include 
dependents  

4. They were an employee 

1 employer 
N=1,826 

Pain: 
Sensitivity Analysis 
using two time 
points 

B-1 1. They were a dependent 
of an employee 

2. They did not report 
working for their 
employer for at least 12 
months 

3. Information on their 

5 employers 
N=18,140 
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state of residence was 
missing 

4. They did not have two 
years of survey data 

 

  The first three exclusion criteria apply to all of the original analyses and most 

of the sensitivity analyses: (1) They were a dependent of an employee; (2) They 

did not report working for their employer for at least 12 months; and (3) Their 

information on state of residence was missing. Most exclusion criteria apply to both 

of the estimation samples. Employees’ dependents are excluded from the main 

analyses because their information is available for only one employer and the 

employers of those dependents are unknown, making it impossible to control for 

employer effects. Employees that had not been working for their current employer 

for at least 12 months at the time of the survey are excluded because of the recall 

length of the measure of recurring pain. This criterion is even used for the research 

questions that do not control for pain so that the estimates of the association 

between health-related employer support and productivity at work and future 

medical expenditures are comparable to the estimates when controlling for pain. 

Employees without information on state of residence are excluded because we could 

not match them to state-level characteristics needed for some of the analyses (one 

employer is entirely missing data on state of residence5). For the samples used to 

estimate future medical expenditures, there are two additional criteria that are 

common to almost all of the analyses: employees must belong to an employer 

group with available claims and eligibility data, and employees who were not 

                                       
5 The state information for this employer is not been available. 
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continuously eligible for health insurance are excluded because their medical 

expenditures are likely to be incomplete. 

  Additional exclusion criteria are used for some of the sensitivity analyses. 

Sensitivity analyses that control for additional variables, such as drug and alcohol 

use or race/ethnicity, have smaller samples because not all of the original 

employers included every survey question. For the sensitivity analyses of pain and 

productivity at work that include two time points, employees are excluded if they do 

not have both years of survey data. This excludes employees who work for 

employers that administered the survey only once, as well as those who were hired 

or left the employer during the year in between surveys or who chose not to fill out 

the survey in one or both years. The biases that might stem from these exclusion 

criteria are discussed in chapter seven. 

  For a few of the sensitivity analyses, the exclusion criteria are very different 

that for the original analyses. The future medical expenditures sensitivity analysis 

using all available claims data uses a much larger sample than the original future 

medical expenditures analysis. It includes claims data from a second employer that 

are incomplete because not all 12 months after the survey are available. Instead of 

requiring that all employees in the sample are continuously eligible for health 

insurance, this sensitivity analysis includes any employee who was eligible for at 

least one month of health insurance during the year after the survey. In the 

sensitivity analysis of future medical expenditures that controls for previous 

expenditures, the exclusion criteria of the original analysis are expanded to exclude 

individuals who were not continuously eligible for health insurance during the year 

before the survey (claims are aggregated across the year before the survey was 
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administered to obtain previous expenditures). For some sensitivity analyses of 

productivity at work and pain, the sample is restricted to one employer that had 

dependents take the survey as well as employees. Figures 7 and 8 illustrate how 

the exclusion criteria affect the sample size for the primary samples. 

 4.4 Measurement Models and Variable Construction  

 This section describes the measures of key concepts in the literature and 

gives details of the measures used in the analyses by linking them to the 

conceptual models presented in Chapter Three. For reference, Table 9 lists the 

measures that are used in the analyses by research question. The remainder of this 

section describes the measures, variable construction and descriptive statistics for 

each variable used in the analyses, organized by the measurement models. 

4.4.1 Measurement and Variable Construction for Model of Pain 

 The measurement model corresponding to the conceptual model of pain is 

given in Figure 10. The outcome of the model is pain in the last 12 months, shown 

in the middle of the diagram. According to the International Association for the 

Study of Pain, pain is: “An unpleasant sensory and emotional experience associated 

with actual or potential tissue damage, or described in terms of such 

damage....Pain is always subjective....It is unquestionably a sensation in a part or 

parts of the body, but it is also always unpleasant and therefore also an emotional 

experience.” [1] Pain with sudden onset that is “expected to last a short time” is 

called acute [1]. Acute pain may reoccur, so that experiences of pain and pain-free 

periods are intermixed [1]. In contrast, chronic pain is usually defined to last more 

than a few months (three to six) [1].   
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 In this dissertation, the variable for pain is constructed from responses to a 

three-part question asking if the individual has had recurring pain in the past 12 

months due to a neck or back condition, knee or leg condition, or other. Employees 

were able to respond with yes, no or don’t know for each of the three choices (neck 

or back, knee or leg, and other). As can be seen in Figure 11, about 29% of 

individuals in the sample reported pain in one of the three areas, about 11% 

reported pain in two areas, 3% reported pain in all areas, 55.64% reported no pain, 

and 1.93% reported that they didn’t know or had missing values. For the main 

analyses, the pain variable is coded as a binary indicator for whether an employee 

answered yes to any of the three areas of the question. “Don’t know” answers were 

coded as missing6. Using this coding, a large proportion of the sample, 44.43%, 

reported that they had suffered from recurring pain in the past 12 months while 

55.64% reported no pain and 1.93% reported that they didn’t know or had missing 

values. In sensitivity analyses, pain is analyzed by the body areas mentioned in the 

original question.  

 This definition of pain likely captures individuals who suffer from either 

recurring acute pain or from chronic pain. The question does include “recurring” but 

chronic pain may last for as few as three months and so may reoccur within a year 

(the length of recall for the question). In sensitivity analyses, the question about 

pain is combined with a question about pain in the previous day. If an employee 

answered that they did suffer from pain in the previous day and answered that they 

suffered from recurring pain in the last 12 months (the variable defined for the 

original analysis) then they are coded as suffering from pain. Overall, 15.88% of 

                                       
6 Very few people responded “don’t know” or had missing data. 
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employees reported suffering from pain in the past day. Using that to redefine the 

dependent variable (and not including employees who were missing answers to 

either question), 12.44% of employees are classified as having pain. 

  Physical Load at Work Unfortunately, physical load at work was not 

measured in the survey instrument (top-right of Figure 10). Occupation codes could 

not be linked to O*Net data to provide an estimate of physical labor because the 

categories were not similar enough. Education level has been found to be 

significantly negatively related to validated measures of physical activity at work 

and has been used to proxy for physical load when no measure of physical load is 

available [44, 102]. Education is used to partially proxy for physical load at work 

(the specific variable and coding are discussed later in the section). Occupation 

codes are also used to partially measure physical load.  Several occupation classes 

are also represented in the sample. Table 13 gives the percent of the sample by the 

following categories:  

 Professional worker 
 Manager, executive, or official,  
 Clerical or office worker,  
 Manufacturing or production worker,  
 Service worker,  
 Sales worker,  
 Business owner,  
 Installation or repair worker,  
 Transportation worker,  
 Construction or mining worker,  
 Farming, fishing, or forestry worker,  
 Other, and  
 Prefer not\Don't Know\Missing.  
 

About 78% of the sample works in occupations that fall in the professional worker, 

manager\executive\official, or clerical\office worker categories. There is relatively 

less representation of more physically demanding jobs, although the smallest 
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category still has 97 employees from five employers. In the analyses, professional 

worker is used as the reference category with binary indicators for the other 

occupation categories listed above (Prefer not\Don't Know answers are treated as 

missing). Because physical load may also differ by employer and work-site, 

indicators for employer and census region are added as additional proxy measures. 

 Health-Related Employer Support Moving counter clockwise in Figure 10, 

health-related employer support is the main predictor of interest in the analysis of 

pain. Health-related employer support has previously been measured in the 

literature by direct observations of programs/spaces/facilities, by surveying key 

individuals in companies to determine their policies and programs, or by asking 

employees about the programs provided at their workplace [10, 103]. Currently 

available tools, such as HeartCheck, WorkingWell, and EAT focus on site 

level/organizational factors and provide very detailed information on available 

resources for people with specific health conditions at different worksites [103, 

104]. Another measurement tool with fewer items has been used to measure health 

and safety climate, but focuses on “stress” and “physical health/disease” more 

generally [105, 106]. Other instruments such as the Health-Promoting Lifestyle 

Profile were designed to measure individual lifestyles with little consideration for the 

work environment [107, 108]. 

 In the survey used here, health-related employer support is measured using 

two binary variables indicating employer support for employee change. The 

variables are the Yes/No/Don’t know answers to the following questions: 
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 “If you wanted to make changes to be physically healthier (such as trying to 

lose weight, quitting smoking, etc.), would the place where you work support 

you, or not?” (Yes, No, Don’t know) 

 “If you wanted to make changes to be emotionally healthier (such as trying 

to reduce stress, balancing work and home life, dealing with financial 

concerns, reducing anxiety or depression, etc.), would the place where you 

work support you, or not?” (Yes, No, Don’t know) 

  Unpublished factor analyses done by Gallup-Healthways give some indication 

that these two questions (and an additional question about whether the employer 

supports employees’ well-being) are closely related and distinct from other 

workplace factors in their survey [109]. There have not been any analyses that 

compare the Gallup-Healthways measures to the organizational measures used in 

the literature and mentioned above. Of the measures used in the literature, the 

closest conceptually are the measures that describe the work environment by direct 

observations of programs/spaces/facilities, by surveying key individuals in 

companies to determine their policies and programs, or by asking employees about 

the programs provided at their workplace.  

  However, these measures are different because they ask about specific 

supports for health, such as gym access, rather than general climate. They are 

more likely to accurately measure specific features of the work environment that 

are generally thought to be supportive of health, such as the presence of healthy 

snacks at meetings, than the Gallup-Healthways measures used here. Additionally, 

such measures of specific features are not likely to vary within worksite and do not 

capture aspects of the work environment, such as actual ability to take time off for 
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medical reasons or unofficial accommodations made for employees with pain, that 

may differ within worksite by factors such as managers or shift—elements that 

should be captured in the individual level perceptions of the Gallup-Healthways 

measure. 

  In the analyses here, “don’t know” answers are treated as missing. Because 

support for emotional and physical health are likely to be related, four binary 

variables are created from the survey questions that combine the separate answers 

as follows: both physical and emotional support (both), neither physical nor 

emotional support (neither), emotional support but no physical support (no 

physical), and physical support but no emotional support (no emotional). Most 

employees, 53.87%, reported that their employer was supportive of their making 

change to better both their physical and emotional health (see Table 12). In 

contrast, only 1.13% of employees reported that their employer was only 

supportive of their emotional health. Respectively, 6.85% and 6.39% of employees 

reported that their employer was supportive of only their physical health or not 

supportive at all. Many employees, 31.76% reported “don’t know” or had missing 

values for at least one of the questions about health-related employer support. 

Sensitivity analyses will treat the “don’t know” answers as their own category 

(rather than as missing) to address the possibility that a “don’t know” answer 

means something more than a randomly unanswered question7. 

Psychosocial Work Environment Continuing to move counter clockwise 

around Figure 10, additional psychosocial work environment measures may 

influence pain as described earlier in the conceptual model. Despite the rapid 

                                       
7 This does not affect sample size because “don’t know” values are imputed for the main analysis. 
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evolution in the measurement of psychosocial workplace factors in the past few 

decades, there are still many different measures [31, 35, 38, 110]. The most 

common measures that correspond to the conceptual models discussed in chapter 

three are the Job Content Questionnaire, the JCQ and the NIOSH generic job stress 

instrument, the Effort-Reward Imbalance Index, and the Maslach burnout inventory 

[56, 111-113] . The level of employee control (decision latitude) is measured by the 

levels of decision authority and skill discretion. Job demand is measured using the 

following domains: excessive work, conflicting demands, insufficient time to work, 

working hard, working fast, intense concentration, often interrupted, very hectic, 

and waiting on others. Burnout, as defined by the Maslach instrument, includes the 

domains of emotional exhaustion, depersonalization, and personal accomplishment 

[114].  

There are several questions that measure aspects of the psychosocial work 

environment in the survey used for this dissertation [25]. They measure some of 

the aspects of the psychosocial measures used in the literature as described above 

and of the measures of employee engagement used in the literature [52, 83, 115]. 

Employees’ job satisfaction, whether they get to use their strengths at work, and 

whether their supervisors create a trusting and open environment are the available 

measures of work environment used in the analysis of pain [25, 26]. The answer 

choices were basic variations of yes/no/don’t know. As for health-related employer 

support, “don’t know” is treated as missing. Nearly 82% of employees were 

satisfied with their jobs (see Table 12). Nearly 75% reported that they used their 

strengths at work, and about 81% reported that their supervisor created a “trusting 

and open environment.” Each measure is entered into the estimation models as an 
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indicator where respectively one is equal to being unsatisfied, not getting to use 

strengths, and not having a trusting and open environment respectively. They are 

coded this way to match the direction of the coding of health-related employer 

support with having both types of support as the reference category. 

  Non-work Responsibilities Moving to the bottom of Figure 10, on the left, 

non-work responsibilities are concretized with two measures. One measure is the 

number of children in the household and the other denotes whether the surveyed 

individual provides care for an elderly or disabled person. As mentioned previously, 

the level and type of non-work responsibilities may affect an individual’s risk of 

injury. The average number of children under age 18 in the household is just less 

than one in the estimation sample (see Table 12). About 16% of employees 

reported that they provide informal care for someone who is elderly or disabled. The 

number of children is entered into the estimation model as the raw number, while 

an indicator variable for providing informal care to an elderly or disabled person is 

used, with the reference category of not providing informal care.  

Non-work Social Support Moving counter clockwise, marital status—

whether or not the individual is currently married or has a domestic partner and 

whether the individual has friends/family they can rely on in an emergency (strong 

social ties) measure non-work social support that can influence perception of pain. 

Almost ¾ of the sample, 71%, are either married or live with a partner. Over 95% 

of employees responded that they could count on friends and/or family in an 

emergency. Both variables are entered into the estimation model as indicators. 

Physical and Mental Health Status As shown in the bottom-middle of the 

diagram, physical and mental health status are proxied using several different 

52



variables: BMI (calculated from reported height and weight), health conditions, 

smoking status, an emotional health index developed and tested by the data 

provider, and a general health status “ladder” measured on a 0-10 scale. Age is also 

included to adjust for possible differences in the ladder of self-reported health. Body 

mass index was calculated from reported height and weight and the sample average 

is near the upper end of the overweight category, 28.31 (standard deviation 6.27). 

BMI was entered into the estimation model as a number. The health conditions are 

based on questions about whether the employee had “ever been told” that they had 

the listed conditions. High blood pressure (22.34%) and high cholesterol (24.12%) 

were the most commonly reported conditions. In order of prevalence, 11.78% of 

employees reported depression, 9.67% reported asthma, 5.29% reported diabetes, 

3.71% reported cancer, and 0.77% reported acute myocardial infarction (AMI). In 

answer to a question about current smoking status, 8.54% of employees reported 

being a smoker (question was yes/no/don’t know). Health conditions and being a 

current smoker are entered into the estimation model as indicators. 

The emotional health index is based on employees’ feelings and experiences 

during the entire day before the survey [116]. The components of the index are 

whether an employee: smiled or laughed a lot yesterday, learned or did something 

interesting, were  treated with respect all day, experienced enjoyment during a lot 

of the day (DLD), experienced happiness DLD, experienced worry DLD, experienced 

sadness DLD, experienced anger DLD, experienced stress DLD, and diagnosed with 

depression [116]. 

These items were found by Healthways to be significantly related to one 

another and distinct from other factors in the survey using factor analysis [109, 
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116]. Using data from telephone interviews with randomly sampled adults (at least 

18) from all 50 states and the District of Columbia and including Spanish-speaking 

respondents and cell phone users, the emotional health index had a Cronbach’s 

alpha of 0.75 at the individual level and 0.91 at the state level [116]. The average 

score on the 0-100 scale of emotional health was 74.47 (SD 27.84). For this 

dissertation, the score on the emotional health index is divided by 10 to better 

match the scales of the other variables. The question about general health uses a 

ladder metaphor where the step zero represents the “worst” health and 10 

represents the “best” health [117]. The average score in the sample is 7.44 (SD 

1.78). For estimation, the general health ladder is entered as number (0-10). 

Physical Health Behaviors Moving to the bottom-right of Figure 10, 

physical health behaviors are measured by smoking status and the number of days 

the individual exercised in the previous week. Employees were asked how many 

times they had exercised in the previous week for at least 30 minutes. Rather than 

being entered into the estimation models as a number, exercising 0 times a week 

(22.2% of sample) is used as the reference category for a categorical variable. The 

other categories are 1 or 2 times (27.66%), and 3 or more times (50.14%). Since 

intensity is not measured, the categories could not be parsed into groups based on 

recommendations from the Centers for Disease Control and Prevention or from the 

American Heart Association. The categorical variable is split up into dummy 

variables for each category. 

 In sensitivity analyses, drug use and alcohol use are included as additional 

covariates in the regression model for the employees who were asked the relevant 
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survey questions8. Employees are asked the number of alcohol drinks they consume 

“in a typical week” [117]. The number of drinks is divided into a categorical variable 

for the analysis. The reference category is zero drinks in a week (38.94%), the 

other categories are 1-7 drinks (46.96%), and 8 or more drinks (14.10%)—the 

remainder are missing (each category except the reference is entered into the 

empirical model as a dummy variable). Employees were also asked about often 

they used drugs or medication “which affect your mood or help [them] relax” [117]. 

The answer “rarely or never” (78.08%) is the reference category for analysis, with 

indicators for the categories of “sometimes” (6.20%) and “almost every day” 

(10.61%)9. Unfortunately, this question could be interpreted to include mood 

regulating prescription drugs prescribed by a licensed mental health provider.  

Physiology Physiology is proxied for by gender and age because both have 

been found to be associated with biomechanical factors that affect pain as discussed 

in the conceptual model chapter. 51.26% of the sample is male (represented by an 

indicator for male in the estimation model). The average age is 42.82 years (SD 

10.86) and is entered numerically in the estimation model. Race/ethnicity is added 

as an additional proxy in sensitivity analyses because it is not available for all 

employees in the sample and may also be associated with pain due to differences in 

the underlying prevalence of medical conditions that cause pain, such as sickle cell 

anemia.  The reference category is Caucasian/White (71.45% of sample). The other 

categories are included as dummy variables as follows: African American/Black 

(8.58%), Hispanic (7.48%), Asian (5.32%), Native Hawaiian/Pacific Islander 

                                       
8 Not every employee had these questions on their survey. 
9 Missing values were recorded for 5.11% of the sample. 
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(0.37%), American Indian/Native American (0.26), Latin American (0.48), Multi-

racial (2.32), prefer not to say or don’t know (3.75%).   

4.4.2 Measurement and Variable Construction for Model of 

Productivity at Work 

 In the literature, productivity is often measured using absenteeism and 

presenteeism, especially when no physical measure such as calls per minute can be 

observed. While absenteeism may be defined as any days missed from work, most 

studies of condition-specific costs use a narrower definition—days missed from work 

for health reasons [1, 21, 43, 54, 118]. Presenteeism is often defined in the U.S. 

literature as “working while ill” [119-121]. The ill employee may view presenteeism 

negatively if working while ill aggravates medical conditions or damages quality of 

life [122, 123]. Conversely, the ill employee may view presenteeism positively if 

s/he derives benefits such as additional employment security or satisfaction from 

helping coworkers [4, 122, 124]. Employees may also choose to work while ill 

because they feel their job has special significance, or because of negative 

reactions from coworkers and supervisors in the event of absence [123, 124]. Of 

course, financial consequences are another important factor in the decision to work 

while ill. 

 There are a few validated presenteeism scales, such as the Work Limitations 

Questionnaire (WLQ) [125], the World Health Organization’s Performance 

Questionnaire (HPQ) [126], and the Stanford Presenteeism Scale (SPS) [119]. The 

HPQ and SPS are designed to assess presenteeism related to health conditions 

whereas the WLQ has additional domains. Although their validity has been 

questioned, algorithms have been used to translate the results of these scales into 
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measurements of lost work time [120]. Various self-rated performance questions 

have also been used to measure presenteeism [51, 121, 127]. Health-related 

productivity loss has also been measured by counting disability days or by counting 

days of received worker’s compensation [9, 43, 49, 128]. However, the threshold 

severity level needed to trigger such claims and the necessity that they be 

demonstrably work-related limits their use in the literature.  

 The measurement model corresponding to the conceptual model of 

productivity at work is given in Figure 14. In this dissertation, absenteeism is 

measured by the number of days missed in the last month because of the 

individual’s own health (sick days, middle-right of figure). The number of days is 

measured by self-report10. All of the employers in the sample offer at least some 

paid sick leave so no additional indicator is added to denote its availability11. As a 

dependent variable, the number of sick days is just entered as the raw number 

reported by the employee. The average number of days missed due to health 

reasons is about ½ a day (SD 1.88). The vast majority of employees in the sample, 

81%, did not report missing any days in the past 28 (see Figure 15). About 10% of 

employees reported missing one day, and the remaining employees reported 

missing more than one day. 

 Another measure of productivity used in this dissertation is self-rated relative 

productivity. It is based on the difference between self-rated productivity and self-

rated productivity of a hypothetical “usual worker” in a job “similar to theirs” based 

on the last 28 days [129]. The ratings are on a 0-10 “ladder” scale where 0 is the 

                                       
10 No administrative data set can be linked to the current sample. 
11 The employers are de-identified so it cannot be determined how much leave they offer. 
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worst job performance, and 10 is the highest level of performance (of a “top 

worker”). Employees’ average rating of their own work performance is 8.36 (SD 

1.20, see Figure 16). Employees’ average rating of the hypothetical usual worker is 

lower, 7.36 (SD 1.44). Many more responses are missing for the rating of a usual 

worker than for the self-ratings. The difference between self-rated productivity and 

rating of the “usual worker” is called self-rated relative productivity and is the 

dependent variable used for analysis [130]. As can be seen from the histogram of 

self-rated relative productivity (Figure 17), most individuals did rate themselves 

higher than the usual worker but the absolute value of the difference is generally 

under five. Moving clockwise in the diagram, the measures of the psychosocial work 

environment were explained in the previous section.  

Technology/Firm Capital The level of technology (technology/firm capital) 

available to employees may differ between industries and so indicators for the firms 

are used to partially measure the level of technology. However, within firms, the 

amount of technology available to each employee may also differ, so occupation 

codes are also used to proxy for the level of technology. 

Human Capital Human capital is measured by the employee’s highest level 

of education and their tenure under their current employer. These two measures 

are empirical proxies for the individual’s level of human capital and firm-specific 

experience. The average education level in the sample is relatively high; with 

38.05% of the sample having graduated college and 17.60% of the sample having 

post graduate work or a degree (see Table 12). Only 5.43% of the sample reported 

having less than a high school diploma. 10.63% reported having a high school 

degree or diploma, 5.46% reported technical or vocational school and 21.85% 
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reported having some college. In the estimation model, less than high school is the 

reference category and the other categories are entered as a set of dummy 

variables. The average length of time at the current job is 11.72 years (SD 9.76), 

keeping in mind that employees with tenure of less than a year are excluded from 

the sample. Continuing to move clockwise, the measures of non-work 

responsibilities and physical and mental health status were explained previously.  

4.4.3 Measurement and Variable Construction for Model of Future 

Medical Expenditures 

Figure 18 presents the measurement model for future medical expenditures. 

Starting at the top left of the Figure, future medical expenditures are measured 

using administrative claims data that cover inpatient, outpatient, mental health12 

and pharmaceutical insurance claims. The survey was taken in January 2008 but 

the exact dates are not known. Because the exact dates are not known, the date is 

assumed to be January 1, 2008 for all individuals and then claims are aggregated13 

for each eligible individual during a 12-month period after the survey (in this case 

the calendar year). Sensitivity analyses will use an alternative date (January 31, 

2008) to see if the results are sensitive to the exact date. The expenditure 

information in the data reflects the amounts paid by the employer. Average future 

medical expenditures are $7,874 (SD $22,220) (see Figure 19 for a histogram). 

Summary statistics for the medical expenditures subsample are presented in Table 

                                       
12 Mental health services includes both services provided in a primary care setting and services provided 
in mental health specialty settings (this was verified by checking the data for ICD and CPT codes that are 
usually billed to carve-out mental health insurance plans). 
13 Prior to be aggregated, claims were adjudicated to get rid of duplicate claims. After adjudication, claims 
amounts that were still negative were dropped from the analysis (less than 0.34% of claims). 
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20.  Moving to the top-right on the Figure, health-related employer support is 

measured as described previously. An overwhelming majority of the sample 

reported having both physical and emotional support (80.43%). About 6.38% of the 

sample reported not having either type of support, 8.65% reported having only 

physical support and 2.34% reported having only emotional support. Pain is also 

measured as described previously, and 46.09% of sample reported pain.  

Supply-side Factors Moving counter clockwise around Figure 18, the 

measures of health services supply are at the state level. All of the measures come 

from the Area Resource File [131]. Compiled by the Health Resources and Services 

Administration, the Area Resource File “integrates data from numerous primary 

data sources including: the American Hospital Association, the American Medical 

Association, the American Dental Association, the American Osteopathic 

Association, the Bureau of the Census, the Centers for Medicare and Medicaid 

Services (formerly Health Care Financing Administration), Bureau of Labor 

Statistics, National Center for Health Statistics and the Veteran’s Administration” 

[131].  Three different measures are used to proxy for “provider density” (bottom-

left quarter of the diagram). The number of primary care providers per 10,000 

people in the employee’s state includes general and family practice physicians, 

general internal medicine physicians, and pediatric physicians. The sample average 

is 3.00 (SD 0.68) active family, general, general internal medicine, and pediatric 

physicians per 10,000 people in the state. The numbers of psychiatrists and 

specialty physicians per 10,000 people in the state are additional measures, with 

averages of 10.69 (SD 1.16) and 0.68 (SD 0.16) respectively. Facility density is 

measured using the number of hospital beds per 1,000 people in the state, with a 
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sample average of 3.37 (SD 0.66). Moving back towards the bottom-middle of the 

diagram, indicators for the employee’s Census region are proxies for area input 

prices and practice patterns, with almost all of the employees residing in the 

Midwest region (97.34%).  

Psychosocial Work Environment Moving to the bottom-middle of the 

diagram, the measures of the work environment that were described earlier are 

included. In this sample, 6.09% of employees are unsatisfied with their job, 

17.07% reported not getting to use their strengths at work, and 19.70% reported 

that their supervisor does not create a trusting and open environment. Some 

additional measures are available for the medical expenditures subsample14 that 

include: number of hours typically expected to work in a week, whether the 

employee learns or does interesting things in their job, whether the employee has 

fun at work, whether the employee has enough resources to do their job well, and if 

the employee faces job insecurity. Typical hours per week are measured by the 

number of hours employees reported that they were expected to work each week 

[117]. The average number of hours reported in the sample is 40.82 (SD 9.84). 

16.24% of employees reported that they did not get to learn or do interesting 

things in their jobs. When asked about having fun at work, 25.14% of employees 

reported that they did not have fun at work. The measure of whether the employee 

has enough resources to do their job well was dichotomized so that employees who 

reported that they “agreed” or “strongly agreed” that they had enough resources 

are coded as “having enough resources” while those reporting that they “disagreed” 

or “strongly disagreed” are coded as “not having enough resources.” Exactly 12% of 

                                       
14 These additional measures are not available for the entire sample. 
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employees reported that they did not have enough resources to do their job well. 

The measure of job security is adapted from employee responses to a question 

about whether their employer was increasing, decreasing, or maintaining the size of 

its workforce[117]. Employees are coded as facing insecurity if they reported that 

their employer was decreasing the size of its workforce, 8.68% in this sample 

[117]. All other measures are entered as binary indicators. 

Monetary Resources Continuing to move counter clockwise through the 

diagram, monetary resources are measured using household monthly income 

categories harmonized between surveys to yield the following categories: up to 

$2999 (reference, 6.38%), $3000 to $3999 (9.03%), $4000 to $4999 (12.18%), 

$5000 to $7499 (12.25%), $7500 to $9999 (20.52%) and $10000 and over 

(13.07%). Household size is not available in the survey, so the number of children 

in the household under 18 and marital status are used so that the level of resources 

more closely approximates the monetary resources available to the individual 

employee.  

Out-of-Pocket Prices Out-of-pocket prices are not observed. The type of 

health insurance plan is used to proxy for out-of-pocket prices. PPO, HMO-

gatekeeper, HMO-Open Access, HMO - POS, and Indemnity are the major plan 

types in the data. PPO is used as the reference category, with 64.97% of employees 

in this type of plan. Indicators are used in the estimation model for employees who 

have HMO-gatekeeper plans (18.82%), HMO-Open Access or HMO-POS plans15 

                                       
15 These HMO categories were combined because the employees in the HMO-POS plan all had the same 
value for whether they had any expenditure—it was completely determined. 
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(12.68%) and Indemnity plans (3.53%). The 3.41% of individuals without plan type 

had their plan type imputed. 

Preference for Health Care The only possible proxies for an individual’s 

preference for using healthcare that were available in the dataset were gender and 

age (previous medical expenditures are used in a sensitivity analysis but are not 

used in the main analysis because it would be over-controlling because previous 

expenditures are likely to be a mediator). In the medical expenditures subsample, 

41.35% of employees are male and the average age is 45.76 years (SD 10.98). 

Physical And Mental Health Status Continuing to move counter clockwise 

through the figure, physical and mental health statuses are measured using the 

variables described previously (BMI, health conditions, smoking status, emotional 

health index, general health status “ladder,” and age), with an additional variable 

derived from the 1997 claims data, the Charlson Comorbidity Index [132]. Figure 

21 is a histogram of the scores on the Charlson Comorbidity Index. Because 

everyone with a score higher than one on the index had future medical 

expenditures, an indicator for whether the employee has a score of at least one on 

the Charlson Comorbidity Index is used in the regressions (otherwise some 

employees’ results would be completely determined). The average Index score is 

0.43 (1.15) with a range of zero to 11. Because some of the conditions used in the 

Charlson Index are the same as some of the self-reported conditions an abbreviated 

list of the self-reported conditions is used for estimation to avoid duplication 

(asthma, depression, high blood pressure and high cholesterol). Asthma is reported 

by 15.29% of employees, 16.86% report depression, 24.95% report high blood 

pressure, and 25.09% report high cholesterol. Current smoking is reported by 

63



12.69% of employees and the average BMI is 28.28 (SD 6.33). The average score 

on the emotional health index is 84.53 (SD 22.63) and the average score on the 

general health ladder is 8.19 (SD 1.58). 

4.5 Differences between Included and Excluded Individuals 

This section discusses some of the differences between included and 

excluded individuals. Because the sample exclusion criteria included a requirement 

for the number of months spent at work, there are likely to be differences, 

especially among work environment variables.   

4.5.1 Differences between Included and Excluded Individuals  

 For the sample used to estimate the models of productivity and pain, 

excluded individuals were different from included individuals on some measures but 

not for others (even small differences in means are statistically significant because 

of the large sample size). Excluded individuals were different from included 

individuals in terms of their self-rated relative productivity (0.87 versus 0.98, p-

value<0.01) 16; being unsatisfied with their job (0.15 versus 0.18, p-value<0.001); 

not getting to use strengths at work (0.22 versus 0.25 p-value<0.001); not having 

a trusting and open environment (0.16 versus 0.19, p-value<0.001); reporting 

having physical health support (0.93 versus 0.90, p-value<0.001); reporting having 

emotional health support (0.85 versus 0.78, p-value<0.001). Excluded individuals 

are also different than included individuals with respect to age (42.3 versus 42.82, 

p-value<0.001); emotional health index (77.6 versus 74.47, p-value 0.006); 

proportion male (0.41 versus 0.52, p-value<0.001); AMI (0.01 versus 0.01, p-
                                       
16 P-values were obtained used paired t-tests of the hypothesis that the means of the two groups are equal. 
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value 0.001); asthma (0.11 versus 0.10, p-value<0.001); depression (0.15 versus 

0.12, p-value<0.001); diabetes(0.06 versus 0.05 p-value 0.008); high blood 

pressure (0.20 versus 0.22, p-value<0.001); high cholesterol (0.23 versus 0.24, p-

value 0.02); BMI (27.79 versus 28.31, p-value<0.001); social help (0.96 versus 

0.96, p-value 0.02) and education (excluded higher, p-value 0.04). Excluded 

individuals were not significantly different in terms of their sick days, having pain in 

the last 12 months, informal care giving, spouse/partner, smoking, and cancer. 

For the medical expenditures subsample, excluded individuals were different 

from included individuals in terms of their age (48.26 versus 45.76, p-

value<0.001); emotional health index (81.51 versus 84.53, p-value 0.006); 

proportion male (0.49 versus 0.41, p-value<0.001); typical work hours (39.02 

versus 40.82, p-value 0.003); being unsatisfied with their job (0.10 versus 0.06, p-

value 0.005); AMI (0.03 versus 0.01, p-value 0.004); depression (0.22 versus 

0.17, p-value 0.01); general health ladder (7.91 versus 8.19, p-value<0.001); pain 

in last year (0.52 versus 0.46, p-value 0.01); and income (p-value<0.01). Excluded 

individuals were not significantly different from included individuals in terms of their 

proportion reporting having physical health support, proportion reporting having 

emotional health support, not learning interesting things at work, not having fun at 

work, not having enough resources, not getting to use strengths at work, not 

having a trusting and open environment, job insecurity, BMI, asthma, high blood 

pressure, high cholesterol, and smoking. 
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Chapter 5. Empirical Methods 

 This chapter discusses the statistical methods used to test the hypothesis 

that were explained in chapter three. The first part of the chapter discusses 

statistical issues that span all of the analyses, while the second part discusses the 

specific analyses for each research question.  

5.1 General Statistical Issues for All Analyses 

5.1.1 Missing Data 

  There are two types of missing data. First, because the sample is not random 

and only includes working individuals, data from entire groups of people are 

systematically missing. Second, some data are also missing at the item level.  

The largest source of sample selection bias is from individuals who are not in 

the pool of employees available for analysis—adversely affecting the generalizability 

of the results. Because the sample is not random, the results are not generalizable 

to the U.S. population or even to the U.S. working population as a whole. However, 

given the limited existing research in this area—much of it coming from individual 

employers—this study still adds value. Sensitivity analyses using the available 

dependents of employees may yield some additional understanding of how the 

analyses might differ in the general population. 

  In addition to the problem of individuals being missing from the sample 

entirely, there are individuals in the sample who are missing data for particular 

variables. In general, the missing values are “ignorable” if they are missing at 

random—the probability that the value is missing is unrelated to the value itself 

after controlling for all of the other variables in the analysis—and if the parameters 
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that “govern the missing data process are unrelated to the parameter to be 

estimated” [133]. This assumption and a few others, allow multiple imputation via 

the multivariate normal model to provide estimates that are consistent, 

asymptotically efficient, and asymptotically normal [133]. For the multivariate 

normal model to be appropriate, all the variables need to be distributed normally, 

and each has to be able to be represented as a linear function of all of the other 

variables (with a normal, homoscedastic error term) [133]. However, this technique 

also seems to perform well with transformed variables or variables that are not 

normally distributed.  

 The missing values were imputed using a multivariate normal imputation 

model that included all of the variables in the regression models, tenure at work, 

and a work environment index. Following recommendations in the literature for 

samples with larger proportions of missing data, ten imputations are used[134]. 

Continuously predicted values were assigned to categories using the method 

described by Allison [133]. Singly imputed data were used in selecting models since 

tests of model fit have not been developed for complicated models in the context of 

multiple imputations.   

5.1.2 Correlation within Groups 

It is extremely likely that employee data are correlated within employer group. 

There are several possibilities for statistically adjusting for clustering. Because the 

sample only includes 14 employers, methods requiring large numbers of clusters, 

such as Generalized Estimating Equations (GEE), would not be appropriate. Another 

possibility to control for clustering is to use random effects or fixed effects models.  

Fixed effects models generalize only to the specific clusters being studied, here the 
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employers.  Although random effects models are designed to generalize to the 

entire underlying population, they are not appropriate in cases in which the clusters 

cannot plausibly be viewed as a random sample from the underlying population. In 

addition, fixed effects are usually preferred when the individual-level predictors of 

interest are likely to be correlated with unobserved heterogeneity at the cluster 

level.  This dissertation uses indicator variables for employers to control for the 

possibility that heterogeneity at the employer level is correlated with the employee-

level predictors of interest, health-related employer support in particular17.  

5.2 Methods for Specific Research Questions with Productivity at 

Work and Future Medical Expenditures as Outcomes 

The three major research questions are: (A) to what extent is health-related 

employer support associated with productivity at work and future medical 

expenditures without controlling for pain, (B) to what extent does pain mediate the 

relationships between health-related employer support and future medical 

expenditures and between health-related employer support and productivity at 

work, and (C) to what extent does health-related employer support moderate the 

relationships between pain and future medical expenditures and between pain and 

productivity at work. Because the outcome variables are the same for each 

question, the regression methods stay the same but the specifications change 

because the predictors of interest vary by research question. The tests of the 

hypotheses differ because of the different variables of interest. The remainder of 

this section discusses the models used for the research questions with productivity 
                                       
17 Not controlling for employer yields virtually identical average marginal effects of not having health-
related employer support (with very small increases for some of the statistically significant indicators). 
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at work and future medical expenditures as the outcomes and the relevant 

sensitivity analyses.   

5.2.1 Methods for Research Questions with Outcome of Productivity 

at Work 

The three research questions that have productivity at work as an outcome are: 

(A-1): Is health-related employer support associated with productivity at 

work after controlling for additional factors other than pain,  

(B-2): To what extent is pain associated with productivity at work, 

(B-4): Does controlling separately for pain attenuate any positive 

associations of health-related employer support with productivity, and   

(C-1): To what extent does health-related employer support moderate the 

relationship between pain and productivity at work after controlling for 

additional factors? 

Two different measures of productivity: sick days (due to one’s own health) and 

self-rated relative productivity are used to test the hypotheses that correspond to 

the research questions listed above.   

Outcome: Sick Days 

The number of sick days is a count variable, with 80.8% of employees 

reporting zero days absent from work for health. Because there is a large proportion 

of zeroes, analyses with this outcome use a two-part model. The first part uses a 

logit regression model to predict whether the employee has any sick days. The 

second part of the model is a Poisson regression that models the number of sick 
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days conditional on having any sick days18. The selection of regression model was 

conducted using the specification for research question A-1 (see above) and then 

the same model was used to estimate sick days in testing hypotheses B-2, B-4 and 

C-1, so that the results could be compared. Based on a likelihood ratio test, the 

negative binomial model does not fit the data better than the Poisson model [135, 

136]. Additionally, the Poisson model fits the data better than the negative binomial 

using the Bayesian information criterion and the value of the Log-likelihood [135, 

137].   

The two-part model of outcome sick days is as follows: EሾSickDaysሿ ൌ

prሺSickDays ൐ 0ሻ ∗ 	ݏݕܽܦ݇ܿ݅ܵ|ݏݕܽܦሾܵ݅ܿ݇ܧ ൐ 0ሿ ൅ ݏݕܽܦሺܵ݅ܿ݇ݎ݌ ൌ 0ሻ ∗ ݏݕܽܦ݇ܿ݅ܵ|ݏݕܽܦሾܵ݅ܿ݇ܧ ൌ 0ሿ 

but since the second term equals zero (because EሾSickDays|SickDays ൌ 0ሿ) we are left 

with: EሾSickDaysሿ ൌ prሺSickDays ൐ 0ሻ ∗ 	ݏݕܽܦ݇ܿ݅ܵ|ݏݕܽܦሾܵ݅ܿ݇ܧ ൐ 0ሿ. 

The first part of the model, here a logit, is given by: ݎ݌ሺݏݕܽܦ݇ܿ݅ܵݕ݊ܣ ൌ 1ሻ ൌ 1 െ

ߝሺݎ݌ ൑ െܺߚሻ ൌ
௘೉ഁ

൫ଵା௘೉ഁ൯
 where AnySickDays is a binary variable equal to one if the 

employee has any sick days, and the errors, ߝ are distributed logistically. ܺߚ is the 

matrix representation of the covariates in the model (X) and their coefficients (β) 

(explained in more detail later). The second part models the number of sick days 

given positive sick days. Following the presentation in Cameron and Trivedi [136], 

the ith observation is given by (yi, xi) where yi is the number of sick days and xi is 

the vector of covariates. Here, the Poisson regression model is used, so yi given xi  

is Poisson-distributed with density given by: ݂ሺݕ௜|࢞௜ሻ ൌ
௘షഋ೔ఓ೔

೤೔

௬೔!
	 , ௜ݕ ൌ 1, 2, 3, 4, . . .28	 with 

the conditional mean function, ܧሾݕ௜|࢞௜ሿ ൌ ,ሺ࢞௜ߤ  represents the ߠ ሻ whereߠ

                                       
18 Using a zero-truncated Poisson model did not alter the results. 
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parameters19. The covariates for both parts of the model are the same. Table 9 lists 

the covariates by research question/hypothesis. For hypothesis A-1, the covariates 

are as follows (show by Xs in the A-1 column of the table): health-related employer 

support (reference category is both types of support), neither type of support, no 

physical support, no emotional support; unsatisfied at work, does not get to use 

strengths at work, work environment is not trusting and open, occupation 

(reference category is professional worker) manager/executive/official, sales 

worker, clerical or office worker, manufacturing/production worker, business owner, 

service worker, construction/mining worker, transportation worker, 

installation/repair worker, farming/fishing/forestry worker, other worker; tenure on 

the job in years,  number of children under 18, provides informal care, 

spouse/partner, number of times exercised in the past week (one or two times, 

exercised three or more times; reference category is zero times), current smoker, 

completed education (high school degree or diploma, technical/vocational school, 

some college, college graduate, post graduate work or degree; reference category 

is less than high school diploma), age, BMI, AMI, asthma, cancer, depression, 

diabetes, high blood pressure, high cholesterol, emotional health index, and general 

health ladder.  

For hypothesis B-2, an additional covariate, pain in the last 12 months, is 

added to the regression model as a binary variable equal to one if the employee 

reports pain. For hypothesis C-2, pain is interacted with each of the indicators of not 

having health-related employer support (Pain*NoSupport, Pain*NoPhysicalSupport, 

                                       
19 In STATA this is implemented as a GLM model with log link function and Poisson distribution. 
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Pain*NoEmotionalSupport) so three terms are added to the regression model that 

includes the indicator for pain.  

Three set of results are presented for each analysis (A-1, B-2, B-4 and C-1). 

Each can be described as an average marginal effect. For categorical variables in 

the first part of the model, such as the indicators of not having health-related 

employer support, the change in the probability of having any sick days as the 

variable changes from zero to one is calculated for each observation (also called a 

risk difference). For continuous variables, such as BMI, the average marginal effect 

in the first part of the model is the instantaneous rate of change in the probability 

of having any sick days. These estimated effects are averaged to get the average 

marginal effects for the first part of the model. For the second part of the model, 

the estimated effects are the differences in the number of sick days conditional on 

having at least one sick day, given different values of the covariates for categorical 

variables (conditional margin) and the instantaneous rates of change in the number 

of sick days for continuous variables. Again, the effects are calculated for each 

observation and then averaged to get the average marginal effect. 

To ease the interpretation of the results and comparison to other models, the 

net overall average marginal effects are also presented for each covariate 

(unconditional margin). The net overall effect of not having either type of support, 

subtracts the unconditional expectation of sick days (the predicted probability times 

the conditional expectation) with both types of support (all indicators of lack of 

health-related employer support equal to zero) from the unconditional expectation 

of sick days with neither type of support (indicator for having neither type of 

support is equal to one and the remaining indicators equal zero) [138]. The net 
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overall effect is calculated for the remaining variables in a parallel fashion. These 

marginal effects are averaged across observations to get the average marginal 

effect for the combined model. 

For the average marginal effects, confidence intervals are calculated using a 

first-order Taylor Series expansion (delta method). The delta method creates 

confidence intervals using a linear approximation of a function for which it is too 

complex to calculate the variance analytically [130, 139]. 

The hypotheses are tested by the size and sign of their average marginal 

effects on the covariate(s) of interest and their level of Type I error being below the 

5% level. The most important is the net overall average marginal effect but the 

average marginal effects for both parts of the model are also relevant because 

covariates may only have an impact in one part or the other, or may have opposite 

effects that wash out the net overall effect, such as increasing the probability of 

having sick days but reducing the number of sick days conditional on having at 

least one. For Hypothesis A-1, this means that we look at the average marginal 

effects of the indicators of not having health-related employer support and see if 

the null hypothesis that they are zero can be rejected at the 5% level. To provide 

support for the hypothesis, the average marginal effects need to be positive for the 

outcome of sick days (less support  more sick days). Hypothesis B-2 is tested by 

whether any of the average marginal effects of pain on sick days are positive 

(pain more sick days) and statistically significant at the 5% level. Hypothesis B-4 

is tested using the average marginal effects of the indicators of health-related 

employer support when pain is controlled for (same regression that is used to test 

B-2). While the hypothesis does not specify complete mediation of the effect of 
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health-related employer support on productivity at work (implying the average 

marginal effects will not be distinguishable from zero), it does entail comparing the 

estimated average marginal effects with those estimated for hypothesis A-1, to see 

if they have smaller magnitudes. Hypotheses B-2 and B-4 are part of the research 

question about whether pain mediates the effect of the health-related employer 

support on productivity—the overall answer to this research question is discussed 

later in this chapter after the methods for testing hypothesis B-1 have been 

explained. 

 Hypothesis C-1, the negative association of pain with productivity will be 

larger for those with health-related employer support than those without, is tested 

by using the net overall effects since these are most closely aligned with the 

concepts expressed in the hypothesis. This hypothesis is tested by comparing the 

effect of pain on sick days when both types of support are present to the effects of 

pain on sick days when both or one type of support is lacking (three separate 

comparisons). According to the hypothesis, the effects of pain on sick days when 

both or one type of support is lacking should be less than the effect of pain on sick 

days when both types of support are present. In other words, the difference 

between the effects of pain on sick days when both or one type of support is lacking 

and the effect of pain on sick days when both types of support are present should 

be negative.  

 With X representing the covariates not otherwise specified, the effect of pain 

on sick days when both types of support are present is given by the following:  

E[SickDays | Pain=1, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=0, X] - 

E[SickDays | Pain=0, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=0, X]  
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The effect of pain on sick days when there is neither type of support is present is 

given by the following:  

E[SickDays | Pain=1, NoSupport=1, NoPhysicalSupport=0, NoEmotionalSupport=0, X] - 

E[SickDays | Pain=0, NoSupport=1, NoPhysicalSupport=0, NoEmotionalSupport=0, X]  

The effect of pain on sick days when there is no physical support is present is given 

by the following:  

E[SickDays | Pain=1, NoSupport=0, NoPhysicalSupport=1, NoEmotionalSupport=0, X] - 

E[SickDays | Pain=0, NoSupport=0, NoPhysicalSupport=1, NoEmotionalSupport=0, X]  

The effect of pain on sick days when there is no emotional support is present is 

given by the following:  

E[SickDays | Pain=1, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=1, X] - 

E[SickDays | Pain=0, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=1, X]  

With X representing the covariates not otherwise specified, the moderation effect of 

not having either type of support is given by: 

(E[SickDays | Pain=1, NoSupport=1, NoPhysicalSupport=0, NoEmotionalSupport=0, X] - 

E[SickDays | Pain=0, NoSupport=1, NoPhysicalSupport=0, NoEmotionalSupport=0, X]) - 

(E[SickDays | Pain=1, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=0, X] - 

E[SickDays | Pain=0, NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=0, X]) 

According to the hypothesis, this difference should be negative and statistically 

significant—the difference between the effect of pain with neither type of support 

and the effect of pain with both types of support will be negative. Parallel equations 

and signs apply to not having physical support and not having emotional support.  

 To simplify the calculations, a singly imputed version of the data is used to 

estimate the differences in expectations given above, along with their 95% 

confidence intervals calculated using the bias-corrected accelerated bootstrap 
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procedure [138, 140]. If the 95% confidence interval does not include zero, it will 

be concluded that the moderation is statistically significant. If moderation appears 

to occur for one of the indicators of not having support (no support, no physical 

support, no emotional support) that will be construed as partial support of the 

hypothesis. Ideally, the moderation effects will be present for each of the 

indicators.   

Outcome: Self-rated Relative Productivity 

The multiple linear regression model for hypothesis A-1 is given by the 

equation below (the reference categories are the same as for the sick days 

regressions discussed above and d(	) indicates a dummy variable) : 

ݕݐ݅ݒ݅ݐܿݑ݀݋ݎܲ	݁ݒ݅ݐ݈ܴܽ݁	݀݁ݐܽݎ݂݈݁ܵ ൌ	∝ ൅ߚଵ ∙ ݀ሺܰ݋	ݐݎ݋݌݌ݑܵሻ 	൅ ଶߚ ∙ ݀ሺܰ݋	݈ܽܿ݅ݏݕ݄ܲ	ݐݎ݋݌݌ݑܵሻ ൅ ଷߚ ∙

	݀ሺܰ݋	݈ܽ݊݋݅ݐ݋݉ܧ	ݐݎ݋݌݌ݑܵሻ ൅ ସߚ ∙ ݀ሺ݂݀݁݅ݏ݅ݐܽݏ݊ݑሻ ൅	ߚହ ∙

݀ሺ݀ݏ݁݋	ݐ݋݊	ݐ݁݃	݋ݐ	݁ݏݑ	ݏ݄ݐ݃݊݁ݎݐݏ	ݐܽ	݇ݎ݋ݓሻ ൅ ଺ߚ ∙ ݀ሺ݊ݐ݋	݃݊݅ݐݏݑݎݐ	݀݊ܽ	݊݁݌݋	ݐ݊݁݉݊݋ݎ݅ݒ݊݁ሻ ൅ ଻ߚ ∙

ݏݎܽ݁ݕ	݊݅	ܾ݋݆	݄݁ݐ	݊݋	݁ݎݑ݊݁ݐ ൅ ଼ߚ ∙ ݀ሺ݉ܽ݊ܽ݃݁ݎሻ ൅ ଽߚ ∙ ݀ሺݏ݈݁ܽݏ	ݎ݁݇ݎ݋ݓሻ ൅ ଵ଴ߚ ∙

݀ሺ݈݈ܿ݁ܽܿ݅ݎ	ݎ݁݇ݎ݋ݓሻ ൅ ଵଵߚ ∙ ݀ሺ݊݋݅ݐܿݑ݀݋ݎ݌	ݎ݁݇ݎ݋ݓሻ ൅ ଵଶߚ ∙ ݀ሺܾݏݏ݁݊݅ݏݑ	ݎ݁݊ݓ݋ሻ ൅ ଵଷߚ ∙

݀ሺ݁ܿ݅ݒݎ݁ݏ	ݎ݁݇ݎ݋ݓሻ ൅ ଵସߚ ∙ ݀ሺܿ݊݋݅ݐܿݑݎݐݏ݊݋	ݎ݁݇ݎ݋ݓሻ ൅ ଵହߚ ∙ ݀ሺ݊݋݅ݐܽݐݎ݋݌ݏ݊ܽݎݐ	ݎ݁݇ݎ݋ݓሻ ൅ ଵ଺ߚ ∙

݀ሺ݅݊݊݋݅ݐ݈݈ܽܽݐݏ	ݎ݁݇ݎ݋ݓሻ ൅ ଵ଻ߚ ∙ ݀ሺ݂ܽ݃݊݅݉ݎ	ݎ݁݇ݎ݋ݓሻ ൅	ߚଵ଼ ∙ ݀ሺݎ݄݁ݐ݋	ݎ݁݇ݎ݋ݓሻ ൅ ଵଽߚ ∙

18	ݎ݁݀݊ݑ	݊݁ݎ݈݄݀݅ܿ	݂݋	ݎܾ݁݉ݑ݊ ൅ ଶ଴ߚ ∙ ݀ሺݏ݁݀݅ݒ݋ݎ݌	݈ܽ݉ݎ݋݂݊݅	݁ݎܽܿሻ ൅ ଶଵߚ ∙ ݀ሺ݁ݏݑ݋݌ݏሻ ൅	ߚଶଶ ∙

݀ሺ݄݄݅݃	݈݋݋݄ܿݏ	݁݁ݎ݃݁݀ሻ ൅ ଶଷߚ ∙ ሻ݈݋݋݄ܿݏ	݈݄ܽܿ݅݊ܿ݁ݐ ൅ ଶସߚ ∙ ݀ሺ݁݉݋ݏ	݈݈݁݃݁݋ܿሻ ൅ ଶହߚ ∙

݀ሺ݈݈ܿ݁݃݁݋	݁ݐܽݑ݀ܽݎ݃ሻ ൅	ߚଶ଺ ∙ ݀ሺݐݏ݋݌	݁ݐܽݑ݀ܽݎ݃	݇ݎ݋ݓሻ ൅ ଶ଻ߚ ∙

݀ሺ݁݀݁ݏ݅ܿݎ݁ݔ	1	ݎ݋	2	ݏ݁݉݅ݐ	݊݅	ݐݏܽ݌	݇݁݁ݓሻ ൅	ߚଶ଼ ∙ ݀ሺ݁݀݁ݏ݅ܿݎ݁ݔ	3	ݎ݋	݁ݎ݋݉	ݏ݁݉݅ݐ	݊݅	ݐݏܽ݌	݇݁݁ݓሻ ൅

ଶଽߚ ∙ ݀ሺܿݐ݊݁ݎݎݑ	ݎ݁݇݋݉ݏሻ ൅ ଷ଴ߚ ∙ ݀ሺܫܯܣሻ ൅ ଷଵߚ ∙ ݀ሺ݄ܽܽ݉ݐݏሻ ൅ ଷଶߚ ∙ ݀ሺܿܽ݊ܿ݁ݎሻ ൅ ଷଷߚ ∙

݀ሺ݀݁݊݋݅ݏݏ݁ݎ݌ሻ ൅ ଷସߚ ∙ ݀ሺܾ݀݅ܽ݁ݏ݁ݐሻ ൅ ଷହߚ ∙ ݀ሺ݄݄݅݃	ܾ݈݀݋݋	݁ݎݑݏݏ݁ݎ݌ሻ ൅ ଷ଺ߚ ∙ ݀ሺ݄݄݅݃	݄݈ܿ݋ݎ݁ݐݏ݈݁݋ሻ ൅

ଷ଻ߚ ∙ ܽ݃݁ ൅ ଷ଼ߚ ∙ ܫܯܤ ൅ ଷଽߚ ∙ ݔ݁݀݊݅	݄ݐ݈݄ܽ݁	݈ܽ݊݋݅ݐ݋݉݁ ൅ ସ଴ߚ ∙ ݎ݈݁݀݀ܽ	݄ݐ݈݄ܽ݁	݈ܽݎ݁݊݁݃ ൅  ߝ
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For hypotheses B-2 and B-4, an additional covariate, pain in the last 12 

months, is added to the regression model as a binary variable equal to one if the 

employee reports pain. For hypothesis C-2, pain is interacted with each of the 

indicators of not having health-related employer support (Pain*NoSupport, 

Pain*NoPhysicalSupport, Pain*NoEmotionalSupport) so three terms are added to 

the regression model.  

 Standard errors are corrected for correlation within employers and states 

(GEE-independent)  [130, 141]. To test Hypothesis A-1, we will look at the average 

marginal effect of the indicators of not having health-related employer support and 

see if the null hypothesis that they are zero can be rejected at the 5% level. To 

provide support for the hypothesis, the average marginal effects need to be 

negative for the outcome of self-rated relative productivity (less support  less 

productive). Hypothesis B-2 is tested by whether the average marginal effect of 

pain on self-rated relative productivity is statistically significant at the 5% level and 

is negative (more painless productive). Hypothesis B-4 is tested by whether the 

average marginal effect of pain on self-rated relative productivity is statistically 

significant at the 5% level; if it is not, then there might be complete mediation. 

However, hypotheses B-2 and B-4 are also part of the research question about 

whether pain mediates the effect of the health-related employer support on 

productivity—the overall answer to this research question is discussed later in this 

chapter. 

 Hypothesis C-1 assesses whether health-related employer support moderates 

the relationship between pain and self-rated relative productivity. Because the 

estimation model is linear, the coefficient on the interaction terms can be tested 
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directly to determine whether there is an interaction—it measures how much the 

effect of pain changes as health-related employer support changes from having 

both to missing one or both types [142, 143]. Each is tested individually since there 

are three separate concepts of lack of support but a joint test (F-test) of their 

significance is also conducted. The sign of the interaction effects need to be positive 

in order to support Hypothesis C-1 (the negative association of pain with 

productivity will be larger for those with health-related employer support than those 

without). A positive coefficient on the interaction terms indicates that the effect of 

pain on self-rated relative productivity is larger without health-related employer 

support than with it. Of course, this sign depends on the estimated impacts of pain 

and not having health related employer support having negative effects on self-

rated relative productivity (negative coefficients) without taking the interaction into 

account. 

Sensitivity Analyses for Productivity Outcomes 

  Sensitivity analyses are used for research questions A-1, B-2 and B-4. They 

address concerns about omitted variable bias, sample selection, measurement, and 

reverse causality. Each category of sensitivity analysis is discussed in turn. The 

focus of these sensitivity analyses is whether the signs, magnitudes and statistical 

significance of the average marginal effects of health-related employer support and 

pain change substantially from the original estimates. Some of the sensitivity 

analyses use subsamples of the data so that additional variables can be added (not 

every question was on every employer’s survey). The initial stage of sensitivity 

analysis will compare the estimated average marginal effects of health-related 

employer support and pain in the sensitivity analysis with the original analysis. If 
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the effects are not different, then it is assumed that they would not be different 

even if the whole sample were available for the sensitivity analysis. If the estimated 

average marginal effects are different, then the original analysis is run on the 

smaller sample to determine whether the difference was due to the sample or to 

the addition of variables for the sensitivity analysis.  

Omitted Variables Bias: Controlling for Alcohol and Relaxing Drug Use 

To address some of the concerns about omitted variables bias, sensitivity 

analyses are run that control for recreational drug and alcohol use. These variables 

are not available for all employees so they are added as covariates for the 

subsample of employees for whom these data are available (5 employers, 

N=32,603).  

Sample Selection: Dependents of Employees 

 At one employer, adult dependents of employees were also asked to take the 

WBA. To partially address concerns about sample selection, sensitivity analysis will 

compare the results of productivity analyses that use working adult dependents to 

the results of productivity analyses that use the employees from the employer 

collecting data from both groups.  Of course, we cannot control for employer in the 

sample of dependents because we do not have this information. Appendix 1, Figure 

1 contains the sample flowchart and Table 2 contains the descriptive statistics for 

the dependents sample.  

Measurement of Health-related Employer Support 

 A large proportion of employees answered that they did not know whether 

their employer would support their efforts to improve their health. In the primary 

analyses, these individuals are treated as if their answer to the questions about 
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health-related employer support are missing—and so are imputed. However, by 

doing this, information about health-related employer support may be lost because 

an answer of not knowing about support may be informative about the level of 

perceived support (or lack thereof). Because there many missing values, sensitivity 

analyses are done to assess whether there is information in the “don’t know” 

answers that differentiates them from “yes” or “no” answers. It is also possible that 

“don’t know” answers imply that support is lacking—it seems unlikely that 

employees with health-related employer support would not know. Separate 

sensitivity analyses treat not knowing if you have health-related employer support 

in two ways: first, not knowing is coded as a distinct answer category, and second, 

not knowing is coded as not having support.   

Measurement of Health-Related Employer Support: “Trusting and Open 

Environment” 

 One question asking whether the employee’s supervisor creates a “trusting 

and open environment” (one of the psychosocial work environment variables 

described earlier). This question is conceptually similar to the idea of health-related 

employer support. The indicator for having an environment that is not “trusting and 

open” is negatively correlated with having both dimension of employer support (-

0.22) and positively correlated with not having either type of support (0.18). 

Although the VIFs were less than two, another set of sensitivity analyses do not 

control for whether the employee reports that their supervisor creates a “trusting 

and open environment” for completeness.  
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Reverse Causality: Employer-State Averages 

 To address the issue of reverse causality, another sensitivity analysis 

averages the values of the health-related employer support indicators within 

employers and states (employer-state combinations) in place of individual 

employee measures (in case perceptions of productivity influence employee 

perceptions of health-related employer support).  

Differential Effects of Pain by Gender 

 As mentioned in the conceptual model of pain, there is evidence that pain 

may have different effects by gender. To test this, an additional sensitivity analysis 

is conducted for each of the productivity at work outcomes that stratifies the 

analysis by gender when pain is included in the regression. 

5.2.2 Methods for Research Questions with Outcome of Future 

Medical Expenditures 

The three research questions that have future medical expenditures as an outcome 

are: 

(A-2): Is health-related employer support associated with future medical 

expenditures after controlling for additional factors other than pain,  

(B-3): To what extent is pain associated with future medical expenditures,  

(B-5): Is greater health-related employer support associated with higher 

future medical expenditures after controlling for pain, and  

(C-2): To what extent does health-related employer support moderate the 

relationship between pain and future medical expenditures after controlling 

for additional factors? 
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As is often seen with medical expenditure data, some employees (7.2%) did 

not have any future expenditure and the distribution among users was highly 

skewed, with a slightly heavy right tail (about 10% had expenditures greater than 

twice the sample mean). To appropriately model the medical expenditures, the 

analysis is conducted using a two-part model [144-146]. Parallel to the two-part 

model introduced earlier, the expected value is given by: 

Eሾݏ݁ݎݑݐ݅݀݊݁݌ݔܧ݈ܽܿ݅݀݁ܯ݁ݎݑݐݑܨሿ ൌ

prሺݏ݁ݎݑݐ݅݀݊݁݌ݔܧ݈ܽܿ݅݀݁ܯ݁ݎݑݐݑܨ ൐ 0ሻ ∗

Eሾݏ݁ݎݑݐ݅݀݊݁݌ݔܧ݈ܽܿ݅݀݁ܯ݁ݎݑݐݑܨ|ݏ݁ݎݑݐ݅݀݊݁݌ݔܧ݈ܽܿ݅݀݁ܯ݁ݎݑݐݑܨ ൐ 0ሿ. 

 The first part of the model, again a logit, is given by: ݎ݌ሺ݁ݎݑݐ݅݀݊݁݌ݔܧݕ݊ܣ ൌ

1ሻ ൌ 1 െ ߝሺݎ݌ ൑ െܺߚሻ ൌ
௘೉ഁ

൫ଵା௘೉ഁ൯
 where AnyExpenditure is a binary variable equal to one 

if the employee’s medical expenditures are greater than $0, and the errors, ߝ are 

distributed logistically. ܺߚ is the matrix representation of the covariates in the 

model and their coefficients. The covariates in the model are as follows: health-

related employer support (neither type of support, no physical support, no 

emotional support, reference category is both types of support); does not learn new 

things at work; does not have fun at work; does not have enough resources; job 

insecurity; unsatisfied; does not get to use strengths; not trusting and open 

environment; typical hours worked; Charlson Index score ≥ one; asthma; 

depression; high blood pressure; high cholesterol; smoking status; male; age; BMI; 

emotional health index; general health ladder; health insurance type (HMO – 

gatekeeper, HMO - POS or open access, indemnity, reference category is PPO); 

household monthly income ($3,000 to $3,999; $4,000 to $4,999; $5,000 to 

$7,499; $7,500 to $9,999; $10,000 and over; reference category is up to 
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$2,999/month); spouse/partner; number of children under 18 in the household; 

number of hospital beds per 1,000 people in state; active medical specialty 

physicians (excluding general internal medicine, pediatrics & psychiatry) per 10,000 

people in state; active family, general, general internal medicine, and pediatric 

physicians per 10,000 people in state; active psychiatry specialty physicians per 

10,000 people in state and census region.   

 The second part is a generalized linear model (GLM) with gamma distribution 

and log link function. A modified Park test was used to determine the appropriate 

family (regression of lnሺሺݕ௜ െ  ො௜ሻ and a constant, where yi is future medicalݕො௜ሻଶሻ on lnሺݕ

expenditures). The GLM model used here has the form: 

lnሺܧሾݏ݁ݎݑݐ݅݀݊݁݌ݔܧ݈ܽܿ݅݀݁ܯ݁ݎݑݐݑܨሿሻ ൌ  where y follows a gamma distribution ߠܺ

(variance is proportional to the square of the mean), X represents the other 

covariates in the model20, and ߠ is their parameter vector. The log-OLS model could 

be more efficient, but, based on the error variance, was not in this case.  

 The results of each part of the model are discussed separately and then 

combined to form the unconditional margins as described earlier. Average marginal 

effects are calculated for each covariate for each part of the model. For categorical 

variables in the first part of the model, the change in the probability of having any 

expenditure as the variable changes from zero to one is calculated for each 

observation (the instantaneous rate of change is calculated for continuous 

variables). Then, the estimated effects are averaged to get the average marginal 

effect. For the second part of the model, the estimated effects are the differences in 

the conditional expected expenditure for each covariate. Again, the effects are 

                                       
20 The same covariates are entered for each part of the model. 
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calculated for each observation and then averaged to get the average marginal 

effect. The net overall effect (unconditional margin) for each covariate is also 

calculated as discussed previously. Confidence intervals are calculated using a 

Taylor Series expansion.  

The hypotheses are tested by the size and sign of their average marginal 

effects on the covariate(s) of interest and their level of Type I error being below the 

5% level. The most important is the net overall average marginal effect, but the 

average marginal effects for both parts of the model are also relevant because 

covariates may only have an impact in one part or the other or may have opposite 

effects that wash out the net overall effect. To test Hypothesis A-2, we look at the 

average marginal effects of the indicators of not having health-related employer 

support and see if the null hypothesis that they are zero can be rejected at the 5% 

level. The average marginal effects need to be positive to support the research 

hypothesis (less support  higher expenditures). Hypothesis B-3 is tested by 

whether any of the average marginal effects of pain on future medical expenditures 

is statistically significant at the 5% level and is positive (painhigher 

expenditures). Hypothesis B-5 is tested by comparing the sign, magnitude and 

statistical significance of the average marginal effects of health-related employer 

support in the regression that controls for pain to the regression that did not control 

for pain (used to test Hypothesis A-2). For Hypothesis B-5 to be supported, the 

average marginal effects of health-related employer support must be significantly 

different from zero and positive after controlling for pain. Hypotheses B-3 and B-5 

are part of the research question about whether pain mediates the effect of the 
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health-related employer support on future medical expenditures—the overall 

answer to this research question is discussed later in this chapter. 

 Hypothesis C-2 is tested by using the net overall effects since these are most 

closely aligned with the concepts expressed in the hypothesis. This hypothesis is 

tested by comparing the effect of pain on future medical expenditures when both 

types of support are present to the effects of pain on future medical expenditures 

when both or one type of support is lacking (three separate comparisons). 

According to the hypothesis, the effect of pain on future medical expenditures when 

both types of support are present should be greater than the effects of pain on 

future medical expenditures when both or one type of support is lacking.  

 With X representing the covariates not otherwise specified, the effect of pain 

on future medical expenditures when both types of support are present is given by 

the following:  

E[FutureMedicalExpenditures | Pain=1, NoSupport=0, NoPhysicalSupport=0, 

NoEmotionalSupport=0, X] - E[FutureMedicalExpenditures | Pain=0, NoSupport=0, 

NoPhysicalSupport=0, NoEmotionalSupport=0, X]  

The effect of pain on future medical expenditures when there is neither type of 

support is present is given by the following:   

E[FutureMedicalExpenditures | Pain=1, NoSupport=1, NoPhysicalSupport=0, 

NoEmotionalSupport=0, X] - E[FutureMedicalExpenditures | Pain=0, NoSupport=1, 

NoPhysicalSupport=0, NoEmotionalSupport=0, X]  

The effect of pain on future medical expenditures when there is no physical support 

is present is given by the following:  

E[FutureMedicalExpenditures | Pain=1, NoSupport=0, NoPhysicalSupport=1, 

NoEmotionalSupport=0, X] - E[FutureMedicalExpenditures | Pain=0, NoSupport=0, 

NoPhysicalSupport=1, No EmotionalSupport=0, X]  
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The effect of pain on future medical expenditures when there is no emotional 

support is present is given by the following:  

E[FutureMedicalExpenditures | Pain=1, NoSupport=0, NoPhysicalSupport=0, 

NoEmotionalSupport=1, X] - E[FutureMedicalExpenditures | Pain=0, NoSupport=0, 

NoPhysicalSupport=0, NoEmotionalSupport=1, X]  

With X representing the covariates not otherwise specified, the moderation effect of 

not having either type of support is given by: 

(E[FutureMedicalExpenditures | Pain=1, NoSupport=1, NoPhysicalSupport=0, 

NoEmotionalSupport=0, X] - E[FutureMedicalExpenditures | Pain=0, NoSupport=1, 

NoPhysicalSupport=0, NoEmotionalSupport=0, X]) - (E[FutureMedicalExpenditures | Pain=1, 

NoSupport=0, NoPhysicalSupport=0, NoEmotionalSupport=0, X] - 

E[FutureMedicalExpenditures | Pain=0, NoSupport=0, NoPhysicalSupport=0, 

NoEmotionalSupport=0, X]) 

According to the hypothesis, this difference should be negative and statistically 

significant—the difference between the effect of pain with neither type of support 

and the effect of pain with both types of support will be positive. Parallel equations 

and signs apply to not having physical support and not having emotional support.  

 As in the model of productivity at work, a singly imputed version of the data 

is used to estimate the differences in expectations given above with their 95% 

confidence intervals calculated using the bias-corrected accelerated bootstrap 

procedure and the test of the moderation effects are done in the same way as 

described in the section about moderation effects for the productivity at work 

outcome [138, 140].  

 

Sensitivity Analyses for Future Medical Expenditures 
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 There are a few sensitivity analyses that are conducted for the research 

questions that have future medical expenditures as an outcome. The sensitivity 

analyses address concerns about measurement and sample selection. As in the 

case of the productivity analyses the focus of the analyses are on the sign, 

magnitude and significance of the average marginal effects of health-related 

employer support and pain and whether they change substantially from the original 

analyses.  

Measurement Issues: Preferences for Health Care 

 Preferences for healthcare are very difficult to measure. The limited 

measures used in the main analysis leave open concern about omitted variable 

bias. Using previous expenditures helps to proxy for preferences. To partially 

address this issue of omitted variable bias from not having good measures of 

preferences, the models of future medical expenditures are estimated controlling 

for previous expenditures. Previous expenditures are aggregated over the year 

before the WBA (and only individuals with continuous eligibility are included). For 

these analyses, previous expenditures are centered and added to the regression 

along with their square. However, recurring pain may have affected medical 

expenditures in the past as well as affect future expenditures so controlling for 

previous expenditures may dampen the association of pain with future medical 

expenditures. 

Measurement Issues: Health-Related Employer Support 

 An additional analysis removes the indicator for not having a “trusting and 

open environment” from the regression because it is conceptually similar to health-

related employer support. 
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Sample Selection: Expanded Sample 

 Some administrative claims information was available for employees in one 

additional employer, but the data are incomplete (not enough months after the 

WBA are available). To get a better idea of how the associations in the analyses of 

future medical expenditures might hold in a larger sample, a less restrictive sample 

definition is used for sensitivity analysis so that individuals from the other employer 

with claims data may be added. Under the less restrictive definition, employees 

with any months eligible for health insurance from the two employers with available 

claims information are included in the sample. Their expenditures are multiplied so 

that they approximate the employee’s expenditures for the entire year. For 

example, if an employee was eligible for insurance for six months of the year, their 

claims from those six months were multiplied by two to approximate a year’s worth 

of expenditures. In the regression model, the observations were weighted by the 

number of months of eligible months divided by 12 (in the example above, the 

weight would be 6/12, or ½) so that observations with less data would be weighted 

less heavily in the analysis[147]. Constructed this way, there were two employers, 

with 11,368 employees in the sample for the sensitivity analysis. A sample flow 

chart and descriptive statistics for the sample are available in Appendix 2, Figures 1 

and 2. 

Differential Effects of Pain by Gender 

 As in the analysis of productivity at work, an additional sensitivity analysis is 

conducted that stratifies the future medical expenditures analysis by gender when 

pain is included in the regression. 
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5.3 Methods for Research Question B-1: Is health-related employer 

support associated with pain? 

 The research question that has pain as its outcome is: (B-1) to what extent 

is health-related employer support associated with pain? As described in Chapter 

Four, pain is a dichotomous outcome. A logit model is used to estimate the 

association of health-related employer support with pain. The logit model has the 

same form as was described in earlier section. The covariates in the model are as 

follows: health-related employer support (neither type of support, no physical 

support, no emotional support, reference category is both types of support); 

unsatisfied; does not get to use strengths; not trusting and open environment; 

occupation (manager/executive/official, sales worker, clerical or office worker, 

manufacturing/production worker, business owner, service worker, 

construction/mining worker, transportation worker, installation/repair worker, 

farming/fishing/forestry worker, other worker, reference category is professional 

worker); number of children under 18; provides informal care; social help; 

spouse/partner; completed education (high school degree or diploma, 

technical/vocational school, some college, college graduate, post graduate work or 

degree, reference category is less than high school diploma); number of times 

exercised in the past week (one or two times, exercised three or more times, 

reference category is zero times); current smoker; AMI; asthma; cancer; 

depression; diabetes; high blood pressure; high cholesterol; age; BMI; emotional 

health index; health ladder and male. 

 The results are presented using average marginal effects as described earlier 

(changes in the probability of reporting pain for specified changes in the 
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covariates).  The sign, significance, and magnitude of the average marginal effects 

of health-related employer support are assessed to determine the validity of the 

hypothesis that greater health-related employer support is associated with reduced 

chance of pain. To align with the hypothesis, the average marginal effects of not 

having health-related employer support must be statistically distinguishable from 

zero and positive (no support more pain). If all three indicators of a lack of 

health-related employer support are positive and statistically significant then that 

would be strong evidence in favor of the hypothesis. If fewer than three are positive 

and statistically significant, the support for the hypothesis is less strong.  

Sensitivity Analyses for the Analysis of Pain 

 The sensitivity analyses for pain address concerns about omitted variable 

bias, sample selection, measurement, and reverse causality. Each category of 

sensitivity analysis is discussed in turn. As mentioned previously, the sensitivity 

analyses focus on whether the average marginal effects of health-related employer 

support change in terms of sign, magnitude or significance from the main analysis. 

Omitted Variables Bias: Alcohol and Relaxing Drug Use 

The use of drugs and alcohol to self-medicate for pain has been widely 

acknowledged. There are not measures of drug and alcohol use in the original 

analysis because they are not available for the entire sample—increasing the 

potential of omitted variable bias. To address this potential bias, use of drugs to 

relax and use of alcohol are added as covariates for the subsample of employees for 

whom these data are available (5 employers, N=32,603).  
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Omitted Variables Bias: Race/Ethnicity 

Race/ethnicity has also been shown to be related to pain. However, the 

reason for this relationship is unclear; it may exist because of cultural factors, 

medical system bias or in underlying disease prevalence. Regardless of the source 

of the association, if race/ethnicity proxies for a concept that is not otherwise 

controlled in the original model leaving it out may lead to omitted variable bias. An 

additional sensitivity analysis controls for race/ethnicity for the subsample of 

employees with data (10 employers, N=17,975). 

Sample Selection: Dependents  

 To partially address concerns about sample selection (as in the case of the 

productivity), sensitivity analyses compare the results of models using only working 

adult dependents to models that use the employees from the employer with data 

for both populations (as described in section 5.2.1).  

Measurement: Health-Related Employer Support in the Analysis of Pain 

 Sensitivity analyses using variations of how the “don’t know” answers to the 

questions about health-related employer are done in parallel to how these analyses 

were described in section 5.2.1. An additional analysis runs the model of pain in the 

sample used to estimate future medical expenditures as described in section 5.2.1. 

Another analysis removes the indicator for not having a “trusting and open 

environment” from the regression in case it is too similar to the idea of health-

related employer support. In the case of health outcomes, such as pain, controlling 

for occupation may mask the role of poor psychosocial workplace factors since they 

are highly associated with certain occupations. An additional analysis removes the 
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dummy variables for different occupations in case they are resulting in over-

controlling. 

Measurement: Alternative Definitions of Pain 

 The research questions involving pain are also analyzed with alternative 

measures of “pain:” broken down by body area, and combined with a short-term 

pain question. In sensitivity analyses, neck/back and knee/leg conditions are 

analyzed separately to see if the estimated relationships vary with the body area 

affected by pain. Following the methodology of some pain researchers, under the 

definition of the alternative definition of pain employees are only counted as 

experiencing pain if they reported pain in the previous year and they reported 

experiencing physical pain during “a lot of the day” in the day before the survey.  

Reverse Causality 

 There is reason to suspect that pain might influence an individual’s 

perception of health-related employer support. For five of the employers, two years 

of survey data are available. This sample is used to look at the research questions 

where timing of the survey and the outcomes are a concern. This sensitivity 

analysis uses the two years of survey data to see whether health-related employer 

support measured at time one can predict pain measured at time two. An additional 

sensitivity analysis averages the values of the health-related employer support 

indicators within employers and states (employer-state combinations) in place of 

individual employee measures. 

5.4 Testing Mediation 

 The hypotheses grouped under research question B should determine 

whether pain mediates the relationships between health-related employer support 
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and future medical expenditures and between health-related employer support and 

productivity at work (relationships described by research question A).  Hypothesis 

B-1 tests whether there is a relationship between health-related employer support 

and pain, and hypotheses B-2 and B-3 evaluate mediation as discussed by Baron 

and Kenny by testing the relationships between pain and future medical 

expenditures and productivity at work respectively [143, 148]. Hypothesis B-4 and 

B-5 represent the “last step” of traditional mediation analysis as discussed by Baron 

and Kenny, seeing if the effect of health-related employer support is mediated by 

pain [143, 148]. This dissertation assesses simple mediation rather than multiple 

mediation [149, 150]. The methodology of testing multiple mediators is less 

advanced than testing for a single mediator [149].  

 Specifically, the first part of a mediation analysis as described by Baron and 

Kenny establishes that there is a relationship between the variable whose effect is 

to be mediated, health-related employer support, and the outcome variables, 

productivity at work and future medical expenditures [143, 148]. The second part 

of traditional mediation analysis assesses whether health-related employer support 

is associated with pain (the mediator) [143, 148]. The third step determines 

whether pain is related to the outcomes while controlling for health-related 

employer support [143, 148]. The fourth step assesses whether the effect of 

health-related employer support on the outcomes, productivity at work and future 

medical expenditures, are attenuated or eliminated after controlling for pain. In 

linear analysis (such as the analysis of self-rated relative productivity), the initial 

variable, health-related employer support, is said to be fully mediated if its 

coefficient is zero in the fourth step as long as steps two and three are met (if the 
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coefficient is attenuated but not zero then the variable is partially mediated) [143, 

148]. As discussed in the literature, the simple tests of coefficients to assess 

mediation are not applicable in nonlinear models [143, 148, 150]. Because some of 

the models in the dissertation are nonlinear (such as the models of sick days and 

future medical expenditures), average marginal effects are used to determine the 

relationships between the variables, with large average marginal effects indicating a 

relationship. As discussed in the literature, statistical significance is not necessarily 

a good indicator of whether there is mediation [143, 148]. However, in the analyses 

used for this dissertation, the sample size is large, so if the estimated average 

marginal effects are large—they should be statistically significant. Therefore, in 

these analyses, statistical significance is used to inform the results because it’s not 

clear how “large” the effect needs to be in this case21. 

 Specifically, testing the mediation hypotheses involves assessing hypotheses 

B-1 (health-related employer support  pain), A-1 (health-related employer 

support  productivity at work, without controlling for pain), and A-2 (health-

related employer support  future medical expenditures, without controlling for 

pain), as well as conducting the following tests: 

 B-2: pain will be associated with lower productivity at work 

o Productivity measured as sick days: The null hypothesis of no average 

marginal effect of pain on productivity at work must be rejected at the 

5% level and the average marginal effect should be positive (pain  

more sick days). 

                                       
21 The literature notes that small effects can be significant in models with large sample size and large 
effects can be insignificant in small samples—I use statistical significant here when the effects are large. 
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o Productivity measures as self-rated relative productivity: The null 

hypothesis of no average marginal effect of pain on productivity at 

work must be rejected at the 5% level and the average marginal effect 

should be negative (pain  lower self-rated relative productivity). 

 B-3: pain will be associated with higher future medical expenditures 

o The null hypothesis of no average marginal effect of pain on future 

medical expenditures must be rejected at the 5% level and the 

average marginal effect should be positive. 

 B-4: the association of health-related employer support with productivity at 

work will be smaller after controlling for pain. 

o Productivity measured as sick days: The null hypothesis of no average 

marginal effect of health-related employer support on productivity at 

work should be smaller than estimated in A-1 and must not be 

rejected at the 5% for complete mediation.  

o Productivity measures as self-rated relative productivity: The null 

hypothesis of no average marginal effect of health-related employer 

support on productivity at work should be smaller than estimated in A-

1 and must not be rejected at the 5% for complete mediation.  

 B-5: the association of health-related employer support with future medical 

expenditures will switch directions after controlling for pain.   

o The null hypothesis of no average marginal effect of health-related 

employer support on future medical expenditures must be rejected at 

the 5% level and the average marginal effect should be positive. 
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 To determine if pain mediates the relationship of health-related employer 

support, the average marginal effects of the indicators of lack of health-related 

employer support when pain is controlled (B-4 and B-5) is compared to the average 

marginal effects of the indicators of lack of health-related employer support 

changes before pain is controlled in the regression (A-1 and A-2). If the magnitude 

of the average marginal effects of health-related employer support are smaller for 

productivity (B-4) differ, then mediation by pain is likely to have occurred. In the 

case of future medical expenditures, the sign of the average marginal effects should 

change for the hypothesis (B-5) to be supported.  
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Chapter 6. Results  

 This chapter describes the results of the analyses that were described in 

chapter five. The results are separated by research question and correspond to the 

order they were introduced. A summary of the results for each large research 

question (A, B, and C) is given after the results for all of the hypotheses under that 

question. 

6.1 Is greater health-related employer support associated with 

greater productivity without controlling for pain?  

 The hypothesis is that greater health-related employer support is associated 

with greater productivity. Because having both physical and emotional support is 

coded as the reference category, the average marginal effects of the dummy 

variables indicate what happens when there is a lack of support in both or one 

dimensions.  

6.1.1 Productivity Measured by Sick days 

 The regression adjusted associations (average marginal effects) of health-

related employer support and sick days are given in Table 22. The second column 

of the Table gives the average marginal effect of the variables with respect to the 

probability of having at least one sick day22 (the risk difference). The third column 

gives the average marginal effect for the second part of the model, the expected 

change in the number of sick days conditional on having at least one sick day. The 

fourth column gives the average marginal effects of the variables when both parts 

                                       
22 Sick days are measured in whole days. 
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of the model are combined, i.e., the net overall effect on the unconditional outcome 

of sick days (the unconditional margin). The regression estimates are given in 

Appendix 3, Table 1. For reference, about 20% of employees reported at least one 

sick day and the average number of days missed is 0.48 (SD 1.88). Conditional on 

having at least one missed day, the average number of days missed is 2.48 (SD 

3.66). 

 As can be seen from Table 22, none of the indicators of health-related 

employer support are statistically significant at the 5% level in either part of the 

model or when both parts are combined, so the null hypothesis that all of the 

effects are zero cannot be rejected. The research hypothesis posited a positive 

relationship between not having support and sick days, and the estimates of the 

unconditional margins of not having health-related employer support are positive, 

but are not significant.  

 Only statistically significant average marginal effects are discussed 

individually. For example, if the average marginal effect of variable x is statistically 

significant only in the first part of the model (predicting any sick days) then it is 

discussed while the insignificant average marginal effects of x in the conditional 

part of the model and insignificant unconditional margin are not discussed. Not 

getting to use your strengths at work is associated with an increase in the 

probability of having any sick days of 0.02 (p-value 0.006). Having a supervisor 

who does not create a trusting and open environment is associated with an 

additional 0.25 sick days (p-value < 0.001) conditional on having at least one sick 

day, and with 0.06 (p-value 0.003) additional sick days overall (unconditional 

margin). Additional tenure on the job is negatively associated with the probability of 
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having any sick days (-0.001, p-value <0.001), fewer sick days conditional on 

having sick days (-0.01, p-value 0.003), and with fewer sick days when both parts 

are combined (-0.004, p-value <0.001).  

 Compared to being a professional worker, being a manager/executive/official 

is associated with decrease in the probability of having any sick days of three 

percentage points (p-value <0.001) and is associated with 0.09 fewer sick days 

overall (p-value <0.001). In contrast, being a clerical/office worker is associated 

with an increase in the probability of having any sick days of two percentage points 

(p-value 0.001) and is associated with fewer sick days overall, 0.04 fewer (p-value 

0.02)  compared to being a professional worker. The occupational category 

manufacturing/productions workers is associated with a reduced probability of 

taking sick days (-0.03, p-value 0.006) but with more days missed conditional on 

taking sick days, 0.64 more (p-value <0.001). The occupation category of business 

owner is associated with 0.23 (p-value 0.03) more sick days than the professional 

worker category overall, with an increase in the probability of taking sick days of 

0.05 (p-value 0.049). With a smaller association, being a service worker compared 

to a professional worker is associated with 0.12 (p-value 0.01) more sick days, with 

an increase in sick days conditional on taking sick days of 0.36 (p-value 0.01). 

Likewise, being an installation/repair worker compared to a professional worker is 

associated with an additional 0.31 sick days (p-value 0.001) for the unconditional 

margin, and with an additional 0.85 sick days (p-value <0.001) conditional on 

taking sick days. 

 Moving to non-work factors, providing informal care is associated with an 

increase in the probability of taking sick days of 0.02 (p-value 0.008), and with an 
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increase of 0.05 sick days (p-value 0.003) overall (unconditional margin). 

Interestingly, having a spouse/partner is associated with fewer sick days, a 0.02 (p-

value <0.001) reduced chance of taking sick days, and 0.03 (p-value 0.034) fewer 

sick days when both parts of the model are combined (unconditional margin). 

Compared to having less than a high school education level, having a high school 

diploma or some college is associated with a three percentage point increase in the 

chance of having any sick days (p-values 0.005 and 0.004 respectively). They are 

also associated with increases in sick days overall of 0.14 (p-value <0.001) and 

0.13 (p-value <0.001) respectively.  In contrast, having post-graduate work/degree 

is associated with less time missed, 0.07 days less (p-value 0.03), compared to 

having less than a high school education level.   

 Exercise in the previous week is associated with fewer sick days than not 

exercising in the previous week; 0.10 (p-value <0.001) fewer sick days overall for 

1-2 times and 0.15 (p-value <0.001) fewer sick days overall for 3+ times. Each of 

the indicators for exercise are also statistically significant in the first part of the 

model, indicating less chance of taking any sick days, and in the second part of the 

model, indicating fewer sick days conditional on taking sick days. These changes in 

sick days are also economically significant, since exercising just 1-2 days a week is 

associated with about 20% fewer sick days compared to the average (but is just 

~5% of SD). Current smokers are slightly more likely to have any sick days (0.03, 

p-value <0.001) but to have fewer sick days conditional on having any, -0.16 (p-

value <0.001).   

 All of the indicators of health conditions have unconditional margins that are 

statistically significant at the 5% level, with virtually all the indicators of worse 
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health being associated with more sick days. Ever having an AMI is associated with 

0.39 (p-value 0.03) more sick days in the conditional model and with 0.17 (p-value 

0.03) more overall. Asthma is associated with a three (p-value <0.001) percentage 

point increase in the probability of having any sick days and with an additional 0.07 

(p-value <0.001) sick days overall. Cancer is associated with a 0.06 (p-value 

<0.001) increase in the probability of sick days, an additional 0.92 (p-value 

<0.001) sick days in the conditional part of the model, and with an additional 0.38 

(p-value <0.001) sick days overall. Similarly, depression is associated with a 0.09 

(p-value <0.001) increase in the probability of sick days, an additional 0.25 (p-

value <0.001) sick days in the conditional part of the model, and with an additional 

0.29 (p-value <0.001) sick days overall (about a 60% increase in the number of 

sick days overall on average but only ~7% of SD). Diabetes is associated with an 

increase in the probability of having sick days of 0.04 (p-value <0.001) and with an 

increase in the unconditional margin of 0.10 (p-value <0.001) sick days. High blood 

pressure is associated with 0.36 (p-value <0.001) additional sick days in the 

conditional part of the model and an additional 0.09 (p-value <0.001) sick days 

overall. The unconditional margin of high cholesterol is significant at the 5% level, 

showing a reduction of -0.03 (p-value 0.047) sick days. Age and BMI are associated 

with increased sick days overall, of 0.004 (p-value <0.001) and 0.01 (p-value 

<0.001) respectively. Employees who scored higher on the index of emotional 

health (-0.01, p-value 0.005) and who reported having better general health (-

0.05, p-value <0.001) have fewer sick days overall. 
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6.1.2 Productivity measured by Self-Rated Relative Productivity  

 The regression adjusted association of health-related employer support and 

employees’ self-rated relative productivity are given in Table 23. As a reference, the 

range of self-rated relative productivity is [-10, 10] with an average of 0.98 (SD 

5.49). Compared to having both physical and emotional support, not having either 

type of support is associated with an increase in self-rated relative productivity of 

0.37 (p-value <0.001) after controlling for other factors. Not having physical 

support and not having emotional support are also associated with increases in self-

rated relative productivity, of 0.15 (p-value 0.01) and 0.20 (p-value <0.001) 

respectively. The average marginal effects of not having health-related employer 

support are not statistically significant and were in the opposite of the hypothesized 

direction (although their sign does match the direction of the competing 

hypothesis).   

 Not using strengths at work is associated with a decrease in self-rated 

relative productivity of -0.17 (p-value <0.001), as is increased tenure on the job, -

0.003 (p-value <0.001). Not working in a trusting and open environment is 

associated with an increase of 0.24 (p-value <0.001), holding all else equal. Being 

a clerical/office worker or a manufacturing/production worker, is associated with 

increased self-rated relative productivity compared to being a professional worker 

of 0.09 (p-value 0.03), 0.30 (p-value <0.001), respectively. Being a 

construction/mining worker or an installation/repair worker is associated with a 

0.32 (p-value 0.04) or 0.19 (p-value 0.03) increase in self-rated relative 

productivity respectively.  
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 Beginning with non-work factors, informal care giving is associated with a 

0.05 (p-value 0.01) increase in self-rated relative productivity. The indicator for 

having a spouse/partner is associated with an increase in self-rated relative 

productivity, of 0.05 (p-value 0.02). Exercising one or two times a week compared 

to zero times a week is associated with a 0.05 (p-value 0.048) increase in self-

rated relative productivity, and exercising three or more times per week is 

associated with a 0.07 (p-value 0.001) increase. Being a current smoker is 

associated with a 0.10 (p-value <0.001) increase in self-rated relative productivity 

compared to employees who did not report smoking. Of the indicators for health 

conditions, only depression is associated with a decrease in self-rated relative 

productivity of -0.13 (p-value <0.001) and is statistically significant at the 5% 

level. Greater age is associated with a small decrease in self-rated relative 

productivity of -0.004 (p-value <0.001). Better health on the general health ladder 

is associated with an increase in self-rated relative productivity of 0.03 (p-value 

<0.001). 

6.1.3 Results of the Sensitivity Analyses of Productivity at Work 

This section describes the results of the sensitivity analyses of productivity at 

work. The descriptions of the results focus on how the average marginal effects of 

the coefficients of interest (health-related employer support) are different than the 

original analysis. The results of these analyses are presented in Tables 24 (sick 

days) and 25 (self-rated relative productivity). The sensitivity analyses of sick days 

are presented first. 
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Omitted Variables Bias: Controlling for Drug and Alcohol in the Analysis of Sick 

Days  

 After controlling for drug and alcohol use (Table 24, column A), none of the 

indicators of lack of health-related employer support are statistically significant at 

the 5% level in either part of the model of sick days or overall. In results not shown 

in the table, reporting one to seven alcohol drinks per week compared to reporting 

none is associated with a 0.01 (p-value 0.008) lower risk of sick days, -0.36 (p-

value<0.001) sick days conditional on having at least one, and -0.10 (p-

value<0.001) sick days overall. Reporting eight or more drinks per week is also 

associated with less risk of having any sick days (-0.04, p-value<0.001), fewer sick 

days conditional on having any (-0.54, p-value<0.001), and fewer sick days 

combining both parts of the model (-0.18, p-value<0.001) compared to not 

drinking at all. Using drugs to relax “sometimes” compared to “rarely or never” is 

associated with an increase in the risk of sick days of 0.08 (p-value<0.001), an 

increase in the number of sick days in the conditional part of the model of 0.45 (p-

value<0.001) and a 0.28 (p-value<0.001) increase in the number of sick days 

taking both parts of the model into account.  The average marginal effects of using 

drugs to relax “almost every day” compared to “rarely or never” are 0.07 (p-

value<0.001) increase in risk of sick days, 0.50 (p-value<0.001) more days 

conditional on having sick days, and 0.27 (p-value<0.001) more sick days overall.   

Sample Selection: Dependents in the Analysis of Sick Days 

 The first sensitivity analysis contrasts employees and their dependents for 

the one employer with survey data for dependents (employer with dependents 

(EWD) sample). Using only the employees from the EWD sample, none of the 
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indicators of lack of health-related employer support are statistically significant at 

the 5% level in the regression with sick days as the dependent variable (Table 24, 

column B). With the exception of the conditional margin of not having physical 

support (4.83, p-value 0.005), the same is true of the dependents from the EWD 

sample (Table 24, column C).  

Measurement: Health-related Employer Support in the Analysis of Sick Days 

 When “don’t know” answers about health-related employer support are 

treated as “no” answers (Table 24, column D), the average marginal effects of the 

indicators of a lack of health-related employer support are nearly identical to the 

original results when the outcome is the number of sick days (column “original”). 

Both sets of average marginal effects are not statistically significant at the 5% level 

in either part of the model or combining both parts.   

 Another set of analyses treat “don’t know” answers as “don’t know” so the 

list of indicator variable expands to: neither, no physical, no emotional, 

physical/don’t know emotional, no physical/don’t know emotional, don’t know 

physical/emotional, don’t know physical/no emotional and both serves as the 

reference category. As in the original model of sick days, the indicators of not 

having either type of support and not having physical support are not statistically 

significant the 5% level (Table 24.1). Some of the other indicators are statistically 

significant in at least one part of the model. Not having emotional support is 

associated with a 0.02 (p-value 0.005) increase in the risk of having at least one 

sick day. Having physical/don’t know emotional support is associated with a 0.01 

(p-value 0.03) increase in the risk of having sick days and with 0.28 fewer (p-

value<0.001) days missed conditional on having at least one (the unconditional 
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margin is not statistically significant). Not knowing physical support and not having 

emotional support is associated with an increase in the number of sick days overall 

(0.08, p-value 0.04) but the average marginal effects in the separate parts of the 

model are not statistically significant at the 5% level. 

Another sensitivity analysis does not control for whether the supervisor 

creates a “trusting and open environment,” in case that concept is too closely 

aligned with the concept of health-related employer support. Similarly to the 

original findings, none of the indicators of lack of health-related employer support 

have statistically significant average marginal effects on sick days in this sensitivity 

analysis (Table 24, column E).  

Reverse Causality: Employer-State Averages of Health-Related Employer Support in 

the Analysis of Sick Days 

 To partially address the issue of reverse causality, sensitivity analyses used 

employer-state averages of health-related employer support in lieu of the employee 

health-related support. As would be expected, the results are qualitatively different 

because instead of being indicators, the measures of health-related employer 

support are percentages. Having 100% of employees reporting not having support 

in either dimension is associated with increased sick days overall (0.51, p-value 

0.03) compared to having 100% of them report having both types of support (Table 

24, column F). A more realistic change in the percentage of employees lacking both 

type of support, from the 25th to the 75th percentile (from 4.97% to 10.25% of 

employees), is associated with 0.03 more sick days overall (results not shown in 

table). Having 100% of employees, compared to 0%, report not having physical 

support is associated with an additional 9.78 (p-value 0.002) sick days conditional 
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on having at least one, and with an additional 1.89 (p-value 0.04) sick days overall 

(just more than one SD). Similarly, having 100% of employees report not having 

emotional support is associated with an increase in the number of sick days for the 

conditional margin (3.72, p-value<0.001) and for the unconditional margin (0.64, 

p-value 0.03). Moving from the 25th to the 75th percentile of the employer-state 

average (from 6.20% to 14.28% of employees) for not having emotional support is 

associated with an additional 0.04 sick days overall (results not shown in table). 

Omitted Variables Bias: Controlling for Drug and Alcohol in the Analysis of Self-

Rated Relative Productivity  

 Turning to the analysis of self-rated relative productivity (Table 25, column 

A), not having either type of support is associated with an increase of 0.38 (p-value 

<0.001) after controlling for drug and alcohol use, which is almost identical to the 

original estimate of 0.37 (p-value <0.001). Not having physical support has an 

almost identical effect to the original analysis after controlling for alcohol and 

relaxing drug use. Not having emotional support after controlling for drug and 

alcohol use is associated with a 0.21 (p-value <0.001) increase in self-rated 

relative productivity, nearly identical to the original model increase of 0.20 (p-value 

<0.001). In results not shown in the table, reporting zero to seven alcohol drinks 

per week compared to reporting none is not significantly associated with self-rated 

relative productivity, but reporting eight or more drinks per week is associated with 

higher self-rated productivity, an increase of 0.05 (p-value 0.04). Using drugs to 

relax “sometimes” or “almost every day” compared to “rarely or never” are not 

associated with  self-rated relatively productivity at the 5% level of statistical 

significance.  
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Sample Selection: Dependents in the Analysis of Self-Rated Relative Productivity  

 With the self-rated relative productivity measure of productivity, the results 

of the sensitivity analysis using the employees-only EWD were similar to the 

original results, but with some differences (Table 25, column B). The average 

marginal effect of not having either type of support is slightly smaller in this 

sensitivity analysis, 0.35 (p-value <0.001) than in the original. The average 

marginal effect of not having physical support in this sensitivity analysis, 0.33 (p-

value 0.04), is more than double the original estimate. For not having emotional 

support, the average marginal effect in this sensitivity analysis, 0.21 (p-value 

<0.001), is extremely close to the original average marginal effect.  

 Not having either type of support is associated with an increase in self-rated 

relative productivity of 0.37 (p-value 0.03) in the dependents EWD sample (Table 

25, column C), compared to the increase of 0.35 (p-value < 0.001) in the 

employees only EWD sample. The average marginal effect of not having physical 

support is much smaller in the dependents EWD sample, 0.05 (0.84) than in the 

employees only EWD sample and is not statistically significant at the 5% level. 

Among the dependents EWD sample, not having emotional support is also not 

statistically significant unlike in the employees-only EWD sample. 

Measurement: Health-related Employer Support in the Analysis of Self-Rated 

Relative Productivity 

 When self-rated relative productivity is used as the outcome and “don’t 

know” answers are coded as “no” for health-related employer support (Table 25, 

column D), not having either type of support is associated with an increase of 0.37 

(p-value <0.001)—identical to the results of the original model. Not having physical 
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support is not statistically significant when “don’t know” is coded as “no,” (p-value 

0.057) whereas it is in the original analysis. In the original model, not having 

emotional support is associated with a 0.20 (p-value <0.001) increase in self-rated 

relative productivity—the same average marginal effect and significance level as in 

the sensitivity analysis.  

In the original model of self-rated relative productivity, not having either 

type of support is associated with an increase of 0.37 (p-value <0.001). In this 

sensitivity analysis (Table 25.1), it is also associated with an increase in self-rated 

relative productivity of 0.37 (p-value <0.001). Not having physical support is not 

statistically significant, but the increase was statistically significant at the 5% level 

in the original analysis, 0.15 (p-value 0.01). Not having emotional support is also 

associated with an increase in self-rated relative productivity, of 0.17 (p-value 

<0.001) in the sensitivity analysis and 0.20 (p-value <0.001) in the original 

analysis. Only one of the other indicators, don’t know physical/no emotional is 

associated with a statistically significant association with self-rated relative 

productivity, an increase of 0.25 (p-value <0.001). 

When not being in a trusting and open environment is removed from the 

model of self-rated relative productivity, the coefficients on not having health-

related employer support are larger (Table 25, column E). Not having either type of 

support is associated with an increase in self-rated relative productivity of 0.47 (p-

value <0.001) in this sensitivity analysis, compared to only 0.37 in the original 

analysis. Not having physical support or not having emotional support are also 

associated with increases in self-rated relative productivity of 0.17 (p-value 0.006) 

and 0.24 (p-value <0.001) respectively. These values are slightly higher than those 
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estimated in the original model, 0.15 for no physical and 0.20 for no emotional, 

with essentially the same level of statistical significance.  

Reverse Causality: Employer-State Averages of Health-Related Employer Support in 

the Analysis of Self-Rated Relative Productivity 

 The associations between health-related employer support and self-rated 

relative productivity are not statistically significant for two of the three measures 

(no physical support and no emotional support, Table 25, column F) when the 

employer-state averages, whereas all three indicators were statistically significant 

in the original analysis (Table 25, column “original”). Having 100% of employees 

report not having either type of support versus 0% is associated with an increase in 

self-rated relative productivity of 1.15 (p-value <0.001). Neither of the other 

measures is statistically significant at the 5% level. The percentages of employees 

reporting having both types of support, neither type of support, not having physical 

support, and not having emotional support range from 0% to 100%, but this 

feasible range is not uniform across employers. There are very few observations at 

the ends of the range. Not having either type of support has an average (of 

employer-state averages) of 23.30% with a standard deviation of 10.14%. Not 

having physical support has a mean of 3.46% (SD 2.08%). Not having emotional 

support has a mean of 19.24% (SD 5.06%). Finally, having both types of support 

has a mean of 53.87% (SD 13.95%). 
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6.2 Is greater health-related employer support associated with 

lower future medical expenditures without controlling for pain?  

 The hypothesis, A-2, is that greater health-related employer support is 

associated with lower future medical expenditures without controlling for pain. For 

reference, the average expenditures in the sample are $7,874 (SD $22,220). 

Conditional on having more than $0 of expenditures, the average expenditures is 

$8,719 (SD $30,111). Because having both physical and emotional support is coded 

as the reference category, the average marginal effects of the dummy variables 

indicate a lack of support in both or one dimensions. Under Hypothesis A-2, the 

average marginal effect of not having support (in both or either dimensions) should 

positive (less support  greater expenditures) and statistically significant. Under 

the competing hypothesis, the average marginal effect of not having support should 

be negative. 

 Regression-adjusted estimates of association of health-related employer 

support with expenditures (not controlling for pain) are presented in Table 26 

(Appendix 4 contains the regression coefficients). The second column of the Table 

gives the average marginal effects for the first part of the model, the difference in 

the probability of having any expenditure. The third column gives the average 

marginal effects of the second part of the model, the difference in the level of 

expenditure conditional on having expenditure. The fourth column gives the 

unconditional margin, the difference in the level of expenditure accounting for the 

probability of having any expenditure. None of the indicators for lack of health-

related employer support have statistically significant average marginal effects in 

either part of the model. Not having either type of support compared to having both 
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types of support is associated with an insignificantly increased chance of 

expenditure (p-value 0.97), with lower conditional expenditures, -$1,328 (p-value 

0.55), and with a still insignificant unconditional margin of $1,227 (p-value 0.56). 

Not having physical support is also insignificant with a reduced chance of 

expenditure, six percentage points less (p-value 0.29), lower conditional 

expenditures of -$2,872 (p-value 0.29), and an average marginal effect combining 

both parts of the model of $2,850 (p-value 0.25), compared to having both types of 

support. Not having emotional support is associated with an insignificant increase 

chance of having any expenditure of an additional three (p-value 0.15) percentage 

points, lower conditional expenditures of -$2,910 (p-value 0.6), and an 

unconditional margin of -$2,613 (p-value 0.08).  

Several of the variables measuring health status are statistically significant at 

the 5% level in the model. Having a score of at least one on the Charlson 

Comorbidity Index is associated with an eight percentage point increase in the 

chance of having expenditures (p-value <0.001), and with an additional $13,459 

(p-value <0.001) expenditures in the conditional part of the model. When both 

parts of the model are combined, the estimated unconditional margin of having a 

score of at least one is associated with $13,454 (p-value <0.001) additional 

expenditures compared to having a score of zero. In the conditional part of the 

model, asthma is significantly associated with lower expenditures, -$3,913 (p-value 

0.001) and with lower expenditures overall, -$3,615 (p-value 0.001). Depression is 

associated with an increased chance of expenditures, 0.05 (p-value 0.001) and with 

higher future medical expenditures $6,323 (p-value 0.01) in the conditional part of 

the model. Overall, depression is associated with $6,203 (p-value 0.01) additional 
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expenditures, all else equal. High blood pressure and high cholesterol are both 

associated with an increased chance of having expenditures, of 0.04 (p-values 

<0.001 and 0.003 respectively)23. Being male is associated with a significantly 

lower probability of having any expenditure, by nine percentage points (p-value 

<0.001), significantly lower expenditures, -$3,075 (p-value 0.01) in the conditional 

part of the model, and overall lower expenditures, -$3,231 (p-value 0.001). Higher 

age is associated with greater expenditures ($144, p-value 0.02) in the conditional 

model and overall ($137, p-value 0.02).  

6.2.1 Results of Sensitivity Analyses for Future Medical Expenditures 

 This section discusses the results of the sensitivity analyses of the 

association between health-related employer support and future medical 

expenditures not controlling for pain. The estimates of the average marginal effects 

of health-related employer support are given in Table 27.   

Measurement: Preferences 

 One sensitivity analysis controls for previous medical expenditures as a proxy 

for preferences even though it might be over-controlling (Table 27, column A). Most 

of the results are qualitatively similar to the original estimates. Not having either 

type of support is not significant in either part of the model or overall after 

controlling for previous expenditures and the estimates have the same signs as the 

original estimates. Not having physical support is also not statistically significant at 

the 5% level compared to having both types of support. Not having emotional 

support is associated with lower expenditures in the conditional part of the model 

                                       
23 The point estimates for high blood pressure and high cholesterol are slightly different but they round to 
the same values. 
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controlling for previous expenditures -$6,420 (p-value 0.048) as well as overall -

$5,960 (p-value 0.49). These estimates are larger and more significant than those 

in the original model.  Both of the expenditure variables, demeaned expenditures 

and demeaned and squared expenditures, are statistically significant at the 5% 

level in both parts of the model and with respect to the unconditional margin.  

Measurement: Health-related Employer Support in the Analysis of Future Medical 

Expenditures 

 An additional sensitivity analysis leaves out the variable for not having a 

supervisor who creates a “trusting and open environment” (Table 27, column B). 

The average marginal effects of the indicators of lack of health-related employer 

support are very similar to the original estimates (column “original”) and are not 

statistically significant at the 5% level.  

Sample Selection: Expanded Sample 

 The results of the analysis using the expanded sample definition—all 

individuals with eligible claims in at least one month of the year after the WBA, are 

still not statistically significant in either part of the model or overall although the 

signs of the effects are different than in the original analysis (Table 27, column C).  

6.3 Summary of Results of Reduced Form Analysis 

Two hypotheses were tested in this section: 

 Hypothesis A-1: Greater health-related employer support will be 

associated with greater productivity. 

 Hypothesis A-2: Greater health-related employer support will be 

associated with lower future medical expenditures. (Competing 
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hypothesis: Greater health-related employer support will be associated 

with higher future medical expenditures.) 

Two different measures of productivity were used to test the first hypothesis. 

With two exceptions, no statistically significant associations were found between 

the first measure, sick days, and health-related employer support in the original 

analysis and in most of the sensitivity analyses. There is some evidence that not 

having support is associated with more sick days when the employer-state average 

measures is used in place of individual measures.  In addition, when “don’t know” 

values are not treated as missing, not having emotional support was positively 

associated with sick days (not knowing emotional support has a slightly complicated 

effect with different directions in each part of the model).  When using the second 

measure of productivity, self-rated relative productivity, hypothesis A-1 was 

rejected, as the signs of the average marginal effects were opposite from those 

hypothesized and were statistically significant at the 5% level for all three 

indicators of health-related employer support. The results of the sensitivity analyses 

largely confirmed these results but with some variation in statistical significance.  

For the second hypothesis, A-2, only one measure of future medical 

expenditures was used. None of the indicators of health-related employer support 

had statistically significant average marginal effects in either part of the two-part 

model or when both parts were combined to form the unconditional margin. The 

same held true for two of the three sensitivity analyses. When previous medical 

expenditures were added to the model, not having emotional support was 

significantly related to lower expenditures conditional on having nonzero 

expenditures and overall. Taking all of the results together, no evidence was found 
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to support the research hypothesis and the qualitative nature of the results 

depended on the sample being used for analysis.  

6.4 Is greater health-related employer support associated with 

reduced chance of pain? 

 The hypothesis is that greater health-related employer support is associated 

with less risk of pain (B-1). Because having both physical and emotional support is 

coded as the reference category, the average marginal effects of the dummy 

variables indicate what happens when there is a lack of support in both or one 

dimensions. The null hypothesis that there is no relationship between pain and 

health-related employer support will be rejected if the coefficients and average 

marginal effects are statistically significant at the 5% level (hypothesized average 

marginal effects are positive). For reference, 44% of sample reported having pain 

in the previous year.  

 The average marginal effects (risk differences) are given in Table 28. Having 

neither physical nor emotional support is associated with an increase in the risk of 

having pain of three percentage points (0.03, p-value 0.008) compared to having 

both types of support. Not having physical support compared to having both types 

of support is not significantly associated with having pain at the 5% level. Not 

having emotional support is associated with a three-percentage-point increase in 

the chance of pain and is statistically significant at the 5% level (0.03, p-value 

0.001). Two of the three average marginal effects lend support to the hypothesis 

and while the remaining indicator is not statistically significant; its sign is in the 

hypothesized direction. Because the average marginal effects of lacking both type 
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of support and lacking emotional support have the same magnitude, it seems that 

only emotional support is important for pain. 

 The other workplace psychosocial variables are associated with pain with 

statistically significant average marginal effects. Being unsatisfied at work is 

associated with an increase in the risk of pain of four percentage points (p-value 

<0.001). Not getting to use strengths at work, and not having a trusting and open 

environment are associated with slightly smaller increases in the risk of pain, of two 

(p-value 0.01) and three (p-value <0.001) percentage points respectively. 

Education level, one of the proxies for physical load, does not have consistent 

statistically significant results, although going to technical/vocation school 

compared to having less than a high school degree is associated with a two-

percentage-point increase in the risk of pain (p-value 0.04). Having more children 

under the age of 18, and having help when in need are both associated with 

decreases in the probability of pain—0.005 less (p-value 0.01) and 0.05 less (p-

value <0.001) respectively. In contrast, providing informal care is associated with 

an increase in the risk of pain of two percentage points (p-value 0.01).  

 In terms of health behaviors, exercise is significantly associated with reduced 

chance of pain while being a smoker is associated with an increased chance of pain. 

Of course, individuals with pain are much less likely to be able to exercise so the 

threat of reverse causality is strong. Exercising one or two times a week compared 

to not exercising at all is associated with a reduced chance of pain of three 

percentage points (p-value 0.001). Exercising three or more times compared to not 

exercising at all is associated with a five percentage point reduction in the chance 
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of pain (p-value <0.001). Smoking is associated with an increase in the chance of 

pain of four percentage points (p-value <0.001).   

 Most of the proxies for health and mental health status are significantly 

related to pain. Asthma is associated with an increase in the risk of pain of seven 

percentage points (p-value <0.001). Cancer is associated with an increase in the 

risk of pain of four percentage points and is also statistically significant at the 5% 

level (p-value 0.001). As expected, depression is associated with a large increase in 

the chance of pain, of 10 percentage points (p-value < 0.001). High blood pressure 

and high cholesterol are each associated with three percentage point increases in 

the chance of pain and are statistically significant at the 5% level (p-values 

<0.001). In terms of age, the average marginal effect is 0.01 (p-value <0.001), a 

small but statistically significant increase. The average marginal effect of BMI on 

the probability of pain is 0.005 but is also statistically significant (p-value<0.001). 

The average marginal effect of the emotional health index is -0.01 (p-value of 

<0.001) (better emotional health lower risk of pain). Having a one unit higher 

score on the general health ladder is associated with a three-percentage-point 

lower risk of pain (p-value<0.001).  

6.4.1 Results of Sensitivity Analyses 

Omitted Variables Bias: Controlling for Use of Relaxing Drugs and Alcohol 

The risk differences in the probability of pain (average marginal effects) of 

the indicators for lack of health-related employer support after controlling for drug 

and alcohol use (Table 29, column A) are almost identical to the original estimates. 

Not having either type of health-related employer support compared to having both 

types of support is associated with an increase in the risk of pain of three 
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percentage points (p-value 0.008) in the original model and after controlling for 

drug and alcohol use (p-value 0.014). Compared to having both types of support, 

not having physical support was not significantly associated with risk of pain in 

either the original analysis or after controlling for drug and alcohol use. Compared 

to having both types of support, not having emotional support is associated with an 

increase in the risk of pain of three percentage points in the original model (p-value 

0.001) and after controlling for drug and alcohol use (p-value 0.001).  

 In results not shown in the table, reporting 0-7 alcohol drinks per week 

compared to reporting none is associated with higher risk of pain, 0.02 (p-value 

<0.001) and reporting eight or more drinks per week is also associated with higher 

risk of pain, 0.035 (p-value <0.001). Using drugs to relax “sometimes” compared 

to “rarely or never” is significantly associated with a ten-percentage-point higher 

risk of pain (p-value <0.001). Similarly, using drugs to relax “almost every day” 

compared to “rarely or never” is associated with a seven percentage point increase 

in the chance of pain (p-value <0.001). One issue with using “drugs to relax” as a 

confounder is that reverse causality is likely to affect the estimates (employees in 

pain may take pain-relieving medications). 

Omitted Variables Bias: Controlling for Race/Ethnicity 

  The average marginal effects of the indicators of not having health-related 

employer support after controlling for race/ethnicity are very different than the 

original model of pain although the differences appear to be driven by the 

subsample used for analysis rather than controlling for race/ethnicity per se. In this 

sensitivity analysis, the indicators for not having either type of support and not 

having emotional support are not statistically significant at the 5% level, while they 
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are statistically significant in the original analysis (Table 29, column B). Not having 

physical support is insignificant in both the original and the sensitivity analysis. In 

results not shown in the table, when the original analysis (not controlling for 

race/ethnicity) is run using the smaller sample used for the sensitivity analysis 

controlling for race/ethnicity, the average marginal effects of the indicators of not 

having health-related employer support are not statistically significant and are 

almost identical to the results when race/ethnicity is included in the regression. The 

difference in the average marginal effects of not having health-related employer 

support after controlling for race/ethnicity seems to be due to the smaller sample. 

Caucasian/White is the reference category in the sensitivity analysis. In results not 

shown in the table, the average marginal effect of being African American/Black 

compared to being Caucasian/White is a lower chance of pain of five percentage 

points (p-value 0.001). Being Hispanic is associated with a six percentage point (p-

value <0.001) lower risk of pain compared to being Caucasian/White. Additionally, 

being Asian is associated with a reduced chance of pain compared to being 

Caucasian/White, of five percentage points (p-value 0.004). 

Sample Selection: Dependents  

 This sensitivity analysis compares the results using only working adult 

dependents vs. using only employees, in both cases deriving the sample from the 

employer with data for both populations (as described in section 5.2.1). The results 

of this sensitivity analyses are different in that none of the indicators of not having 

health-related employer support are statistically significant, although this 

attenuation of statistical significance could be due to the large decrease in sample 

size (Table 29, columns C and D).  
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Measurement: Health-related Employer Support in the Analysis of Pain 

 Sensitivity analyses using variations of how the “don’t know” answers to the 

questions about health-related employer are done in parallel to how these analyses 

were described in section 5.2.1. The first sensitivity analysis sets the value of the 

indicators of health-related employer support equal to no support if the original 

values are “don’t know.24” For both the indicators having neither type of support 

and not having emotional support, the estimated average marginal effects in this 

sensitivity analyses are identical to the original estimates (Table 29, column E). The 

estimated average marginal effect of not having physical support compared to 

having both types of support differs slightly from the original estimate but still is 

not statistically significant.  

 When the indicators of health-related employer support are expanded to 

include “don’t know” as a distinct category, the results change slightly (Table 29, 

column G). In general, the indicators that include not having emotional support or 

not knowing about emotional support are associated with increases in the risk of 

pain compared to having both types of support. Not having either type of support is 

associated with a three percentage point increase in the risk of pain in the 

sensitivity analysis (p-value 0.004) and in the original analysis (p-value 0.008).  

Not having emotional support (but having physical support) is associated with a 

four percentage point (p-value < 0.001) increase in the risk of pain compared to a 

three percentage point (p-value 0.001) increase in the original model.  Not knowing 

emotional support and having physical support is associated with a three 

percentage point (p-value <0.001) increase in this sensitivity analysis.  Not having 

                                       
24 In the original analysis, these values were treated as missing. 
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emotional support and not knowing physical support is associated with a five 

percentage point increase in the risk of pain (p-value 0.002). The exception to the 

pattern of results with respect to emotional support is the average marginal effect 

of not knowing emotional support and not having physical support, which is not 

statistically significant. Not having physical support (but having emotional support), 

not knowing physical support and having emotional support are each not 

statistically significant in this sensitivity analysis.  

  To address concerns that the measure of working in an environment that is 

not trusting and open is too closely aligned with the measure of health-related 

employer support, the variable is left out in a sensitivity analysis (Table 29, column 

F). When not being in an open and trusting environment is not controlled for, not 

having either type of support is associated with a four percentage point increase in 

the risk of pain (p-value 0.002). This indicator was associated with a three 

percentage point increase in the original model (p-value 0.008). Not having 

physical support is not significant in this sensitivity analysis (p-value 0.169). Not 

having emotional support is associated with a three percentage point increase in 

the risk of pain in this sensitivity analysis (p-value <0.001) and the original model 

(p-value 0.001). Because controlling for occupation may also be over-controlling, 

another sensitivity analysis did not control for occupation. It yielded results that are 

very close to the original estimates (Table 29, column G). 

Measurement: Alternative Definitions of Pain 

 The research questions involving pain are also analyzed with alternative 

measures of pain: the original measure combined with a short-term pain question 

and the original broken down by body area. In the first of these, the “new” 

122



definition of pain requires that an individual report recurring pain over the past year 

and pain in the day before the survey to be coded as one (Table 29, column H). In 

this sensitivity analysis, not having either types of support is associated with a 

three percentage point (p-value <0.001) increase in the risk of pain compared to 

having both types of support—matching the original estimate (p-value 0.008). The 

average marginal effect of not having physical support is again insignificant. Not 

having emotional support is associated with a two percentage point (p-value 0.003) 

increase in the risk of pain in this sensitivity analysis compared to a three 

percentage point increase in the original analysis (p-value 0.001). 

 For the analyses stratified by body area, there are three separate 

regressions. The dependent variables are whether the individual had pain in 

neck/back (Table 29, column I), knee/leg (Table 29, column J), or in any other area 

(Table 29, column K). While all of the estimated average marginal effects of not 

having support were positive with respect to the risk of pain, only a few were 

statistically significant. Not having either type of support compared to having both 

types of support is associated with a four percentage point increase in the chance of 

neck/back pain (p-value 0.001). Not having emotional support is associated with a 

three percentage point increase in the risk of neck/back pain compared to having 

both types of support (p-value 0.001). Both of these associations are very close to 

the associations found in the original analysis. For pain in any other area, not 

having either type of support is associated with a two percentage point increase in 

the risk of pain (p-value 0.028).  
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Reverse Causality 

 There is reason to suspect that pain might influence an individual’s 

perception of health-related employer support. One sensitivity analysis addresses 

this issue by using the employer-state average of health-related support in place of 

the individual measures (Table 29, column L). The employer-state averages of not 

having either type of support and not having physical support are not statistically 

significant at the 5% level. Having 100% percent of employees within the state 

report not having emotional support compared to having 100% report both types of 

support is associated with an increase in the risk of pain, of 0.30 (p-value 0.001). A 

more realistic example is for the percentage reporting not having emotional support 

to increase from the 25th percentile to the 75th percentile (from 6.20% to 14.28% of 

employees), which yields an increase in the risk of pain of 0.02 (results not shown 

in table).  

 The other sensitivity analysis that addresses this issue uses health-related 

employer support and other covariates from the first survey to predict pain in the 

second survey (column M). As can be seen from the table, the average marginal 

effects of not having support are no longer statistically significant. In results not 

shown in table, when the original specification is run on the panel data just using 

the first time point, only the average marginal effect of not having emotional 

support is statistically significant at the 5% level (0.04, p-value 0.005). When the 

original specification is run on data from the second time point only (comorbidities 

are only measured at time one and are included), the average marginal effect of 

not having either type of support is 0.03 (p-value 0.04) and the average marginal 

effect of not having physical support is associated with a 0.06 increase in the 
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probability of pain (p-value 0.04). The average marginal effect of not having 

emotional support is not statistically significant at the 5% level when only the 

second time point is used. These results, estimated using data from only time one 

or time two, are different from both the original analysis and from the analysis that 

uses time one covariates to predict pain at time two. Despite the differences, at 

least one of the indicators of not having health-related employer support is 

statistically significant in analyses using either cross-section but none of the 

indicators are statistically significant when time one is used to predict time two. 

This could imply that the relationship between health-related employer support and 

pain is not causal. 

6.5 Results: Is pain associated with lower productivity at work? 

Does controlling separately for pain attenuate any positive 

associations of health-related employer support with productivity? 

This section discusses the results of the analyses of productivity at work 

controlling for health-related employer support, pain, and other factors. The 

hypotheses are that pain is associated with less productivity, and that the effect of 

health-related employer support on productivity at work is attenuated after 

controlling for pain. 

6.5.1 Productivity Measured as Sick Days 

 Pain is significantly related to the number of sick days in each part of the 

model and overall when both parts are combined (Table 30). Pain is associated with 

a five percentage point increase in the chance of having sick days (p-value<0.001). 

It is also associated with 0.38 more sick days conditional on having any (p-
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value<0.001), and with 0.20 more sick days when both parts of the model are 

combined (p-value<0.001). These values support the research hypothesis that pain 

leads to reduced productivity (B-2)—in this case, more sick days.  

None of the average marginal effects of the indicators of a lack of health-

related employer support are statistically significant at the 5% level. There is no 

consistent pattern of difference between the average marginal effects of health-

related employer support in the models that do and do not control for pain. 

Hypothesis B-4 (attenuation of the average marginal effects) is therefore not 

supported. The results for the remaining variables in the model are almost identical 

to those presented without controlling for pain. 

6.5.2 Productivity Measured As Self-Rated Relative Productivity 

 Pain is not significantly related to productivity at work when productivity is 

measured as self-rated relative productivity (0.03, p-value 0.27)—not supporting 

Hypothesis B-2 (see Table 31).  After controlling for pain, not having either type of 

support compared to having both types of support is associated with a 0.37 

increase in self-rated relative productivity (p-value <0.001). Not having physical 

support compared to having both types of support is associated with a higher self-

rated relative productivity of 0.15 (p-value 0.01), after controlling for pain. Not 

having emotional support is associated with a 0.19 increase in self-rated relative 

productivity (p-value<0.001) after controlling for pain. These results are virtually 

identical to the results of the analyses that did not control for pain (Hypothesis B-4 

is not supported). Conceptually, because there is no relationship between pain and 

self-rated relative productivity, pain cannot be a mediator in the relationship 

between health-related employer support and self-rated relative productivity. The 
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coefficients for the other variables in the model are nearly identical to the original 

model, as can be seen in the Table, so they are not discussed separately here. 

6.5.3 Results of Sensitivity Analyses 

Omitted Variables Bias: Controlling for Alcohol and Relaxing Drug Use in the 

Analysis of Sick Days controlling for Pain 

 In the analysis of sick days controlling for alcohol and use of relaxing drugs, 

none of the indicators of lack of health-related employer support are significant 

when pain is included in the regression (see Table 32, column A). In results not 

shown in the table, reporting one to seven alcohol drinks per week compared to 

reporting none is associated with a 0.01 (p-value 0.01) lower risk of sick days, -

0.36 (p-value<0.001) sick days conditional on having at least one, and -0.10 (p-

value<0.001) sick days overall. Reporting eight or more drinks per week is also 

associated with less risk of having any sick days (-0.04, p-value<0.001), fewer sick 

days conditional on having any (-0.54, p-value<0.001), and fewer sick days 

combining both parts of the model (-0.10, p-value<0.001) compared to not 

drinking at all. Using drugs to relax “sometimes” compared to “rarely or never” is 

associated with an increase in the risk of sick days of 0.07 (p-value<0.001), an 

increase in the number of sick days in the conditional part of the model of 0.50 (p-

value<0.001) and a 0.27 (p-value<0.001) increase in the number of sick day 

taking both parts of the model into account.  The average marginal effects of using 

drugs to relax “almost every day” compared to “rarely or never” are 0.08 (p-

value<0.001) increase in risk of sick days, 0.45 (p-value<0.001) more days 

conditional on having sick days, and 0.28 (p-value<0.001) more sick days overall.    

Sample Selection: Dependents in the Analysis of Sick Days controlling for Pain 
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 Using only employees from the employer with dependents (EWD) sample, 

none of the indicators of lack of health-related employer support are statistically 

significant at the 5% level when pain is controlled in the regression (Table 32, 

columns B and C). Pain, however, is associated with a five percentage point 

increase in the risk of having any sick days (p-value<0.001), 0.44 more sick days 

conditional on having any (p-value<0.001), and 0.21 additional sick days overall 

(p-value<0.001). Using just dependents of employees from the EWD sample, not 

having physical support is associated with 4.52 additional sick days (p-value 0.01) 

conditional on having at least one sick day but is not statistically significant at the 

5% level in the first part of the model or when both parts are combined (slightly 

attenuated from the estimate without controlling for pain, 4.83). In this sensitivity 

analysis, pain is associated with a five percentage point (p-value 0.005) increase in 

the probability of having any days missing and with an additional 0.19 sick days 

overall (p-value 0.003).  

Measurement: Health-Related Employer Support in the Analysis of Sick Days 

controlling for Pain 

 The first sensitivity analysis described in this section treats “don’t know” 

answers about health-related employer support as “no” answers. As in the original 

analysis controlling for pain, and in the parallel sensitivity analysis not controlling 

for pain, none of the indicators of not having health-related employer support are 

statistically significant at the 5% level. The average marginal effects of pain on sick 

days are identical to those of the original analysis where “don’t know” answers are 

imputed and the regression controls for pain (Table 32, column D).  
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 Another set of analyses treat “don’t know” answers as “don’t know” so the 

list of indicator variable expands to: neither, no physical, no emotional, 

physical/don’t know emotional, no physical/don’t know emotional, don’t know 

physical/emotional, don’t know physical/no emotional, and the reference category 

is both (Table 32.1). The results of this sensitivity analysis on sick days are 

different than the results controlling for pain and different than the results of the 

parallel sensitivity analysis when the regression does not control for pain. Not 

having either type of support is associated with a decrease in the probability of 

having any sick days, 0.16 (p-value 0.031) conditional on having any days in this 

sensitivity analysis. The estimate without controlling for pain is similar, 0.15, but is 

not statistically significant at the 5% level.  Not having emotional support is 

associated with a slight increase in the probability of having any sick days, 0.02 (p-

value 0.01) conditional on having any days in this sensitivity analysis—this is less 

significant than the estimate without controlling for pain, 0.02 (p-value 0.005). Not 

having physical support/not knowing emotional support is not significantly related 

to the probability of having any sick days in this sensitivity analysis, whereas it is 

when pain is not a covariate (0.01, p-value 0.03). It is, however, still associated 

with fewer sick days conditional on having any, -0.29 (p-value<0.001) as in the 

model without controlling for pain, -0.28 (p-value<0.001). Not knowing physical 

support and not having emotional support has a statistically significant 

unconditional margin without controlling for pain (0.08, p-value 0.04) but does not 

once pain is controlled in the model. The average marginal effects of pain on sick 

days are virtually identical to those estimated when “don’t know” values are treated 

as missing an imputed (original controlling for pain). 

129



 The final sensitivity analysis for this outcome that deals with the 

measurement of health-related employer support removes the indicator for not 

having a supervisor who creates a “trusting and open environment.” As in the 

parallel sensitivity analysis of sick days that does not control for pain, and the 

original estimate that does control for pain, none of the indicators of lack of health-

related employer support are statistically significant at the 5% level in this 

sensitivity analysis (Table 32, column E). The average marginal effects of pain on 

sick days are virtually identical to the (original) estimates that leave the indicator in 

the model and control for pain. 

Reverse Causality in the Analysis of Sick Days controlling for Pain 

 To partially address the issue of reverse causality, sensitivity analyses used 

employer-state averages of health-related employer support in lieu of the employee 

health-related support. In this sensitivity analysis the average marginal effects of 

pain on sick days are close to the estimates of the average marginal effects when 

pain is not controlled in the regression (Table 32, column F). The unconditional 

margin of the percentage of employees within a state report not having either type 

of support is not statistically significant once pain is controlled for, whereas it is 

associated with an additional 0.51 sick days (p-value 0.03) when pain is not 

controlled in the regression (for moving from 0% to 100% of employees). Having a 

higher percentage of employee report not having physical support is associated 

with an increase in the number of sick days conditional on having any (10.15, p-

value 0.001), and overall (1.96, p-value 0.03) when pain is included in the 

regression. These estimates are slightly higher than when pain is left out. With 

average marginal effects that are slightly smaller than when pain is not included in 
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the regression, having a higher percentage of employees report not having 

emotional support is associated with an additional 3.69 (p-value<0.001) sick days 

in the conditional part of the model, and with an additional 0.60 (p-value 0.04) sick 

days when both parts of the model are combined.  The average marginal effects of 

pain on sick days with employer-state averages are virtually identical to the 

average marginal effects when individual measures of health-related employer are 

used.  

Gender Differences in the Effect of Pain: Analysis of Sick Days controlling for Pain 

 In the sample using only men (column G), pain is associated with a four 

percentage point increase in the probability of having any sick days (p-

value<0.001), with an additional 0.38 days conditional on having at least one sick 

day (p-value<0.001), and with an additional 0.14 additional sick days overall (p-

value 0.001). In the sample using only women (column H), pain is associated with 

a seven percentage point increase in the probability of having any sick days (p-

value<0.001), with an additional 0.41 days conditional on having at least one sick 

day (p-value<0.001), and with an additional 0.26 additional sick days overall (p-

value 0.001). None of the indicators of not having health-related employer support 

are statistically significant in the gender-stratified analyses. 

Omitted Variables Bias: Controlling for Alcohol and Relaxing Drug Use in the 

Analysis of Self-Rated Relative Productivity controlling for Pain 

 Switching productivity outcomes, not having either type of support is 

associated with a higher self-rated relative productivity of 0.38 (p-value <0.001) 

after controlling for alcohol and relaxing drug use (Table 33, column A), compared 

to a 0.37 increase in the original model (p-value <0.001). Not having physical 
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support is associated with a 0.15 (p-value 0.01) increase in self-rated relative 

productivity in this sensitivity analysis—very close to the original estimate. Not 

having emotional support is also associated with an increase in self-rated relative 

productivity after controlling for alcohol and relaxing drugs use, of 0.21 (p-

value<0.001) which is slightly higher than the original estimate of 0.19 (p-

value<0.01). Having eight or more drinks per week compared to none is associated 

with a slight increase (0.05, p-value 0.04) in self-rated relative productivity while 

none of the other indicators of drug or alcohol use are statistically significant at the 

5% level. 

Sample Selection: Dependents in the Analysis of Self-Rated Relative Productivity 

controlling for Pain 

 The results of the sensitivity analysis of self-rated relative productivity using 

employees and dependents from the employer with dependents (EWD) sample is 

virtually identical to the results of the same sensitivity analysis when pain is not 

included in the regression (Table 33, columns B and C).  

Measurement: Health-related Employer Support in the Analysis of Self-Rated 

Relative Productivity controlling for Pain 

 When “don’t know” answers about health-related employer support are 

treated as “no” answers, the results of the analysis of self-rated relative 

productivity after controlling for pain are virtually identical to the results when pain 

is not included in the regression (Table 33, column D). The coefficient on pain is not 

statistically significant at the 5% level (0.03, p-value 0.27). 

 The results of the sensitivity analysis of self-rated relative productivity when 

“don’t know” answers are used as categories are virtually identical to the results of 
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the same sensitivity analysis without controlling for pain (Table 33.1). Additionally, 

pain is not statistically significant at the 5% level. 

 The results of this sensitivity analysis that removes the indicator of whether 

the supervisor creates a “trusting and open” environment are virtually identical to 

the results without controlling for pain (Table 33, column E). Additionally, pain is 

not statistically significant at the 5% level. 

Reverse Causality in the Analysis of Self-Rated Relative Productivity controlling for 

Pain 

 The results of the sensitivity analysis of self-rated relative productivity that 

uses employer-state averages of health-related employer support in place of the 

individual measures are virtually identical to the results without controlling for pain 

(Table 33, column F). Once again, pain is not statistically significant at the 5% 

level.   

Gender Differences in the Effect of Pain: Analysis of Self-Rated Relative Productivity 

controlling for Pain 

 As in other analyses, pain was not statistically significant in wither the men 

only or the women only samples (columns G and H). Not having either type of 

support is associated with an increase in self-rated relative productivity of 0.37 in 

each of the stratified analyses (p-values<0.001). Not having physical support was 

not statistically significant at the 5% level in either the men’s or women’s analysis. 

Not having emotional support is associated with a 0.17 (p-value<0.001) increase in 

self-rated relative productivity in the men’s sample and with an increase of 0.23 (p-

value 0.001) in the women’s sample.  
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6.5.4 Summary of Results of the Productivity at Work Outcome 

controlling for Pain 

 Pain does not appear to be a mediator in the relationship between health-

related employer support and productivity when productivity is measured as sick 

days. There is no quantitatively or statistically significant relationship between 

health-related employer support and sick days whether or not pain is included in 

the regression. There is evidence that pain affects the number of sick days, but it 

does not appear to be a mediating factor for health-related employer support. 

However, in some of the sensitivity analyses (of sick days; when “don’t know” is 

coded as “don’t know,” in the dependents sample, and when employer-state 

averages are used in lieu of individual measures), there seems to be some 

relationship between health-related employer support and sick days (although the 

direction of the effects differs between analyses). Adding pain to the model also 

seems to make slight changes in these average marginal effects, although again 

not consistently. 

 Pain is not a mediator of health-related employer support in its relationship 

with self-rated relative productivity. Pain does not have a quantitatively or 

statistically significant relationship with self-rated productivity. The estimated 

effects of health-related employer support on self-rated relative productivity after 

controlling for pain are nearly identical to the estimates without controlling for pain. 

The estimated average marginal effects of not having health-related employer 

support in the sensitivity analyses are reasonably close to the original estimates 

(with or without controlling for pain). The exception is that using the employer-

state averages instead of individual measures causes the estimated effects of two 
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of the three indicators of lack of support to become insignificant, although not 

having either type remains statistically significant and quantitatively large. 

Additionally, the association of pain with sick days is larger for women than for 

men. There is no difference in the association of pain with self-rated relative 

productivity when the sample is stratified by gender (both average marginal effects 

are insignificant). 

6.6 Is pain associated with higher future medical expenditures after 

controlling for health-related employer support? Is greater health-

related employer support associated with higher future medical 

expenditures after controlling for pain? 

 The results of the model of future medical expenditures controlling for pain 

are displayed in Table 34. None of the indicators of health-related employer support 

are statistically significant at the 5% level in either part of the model or when both 

parts are combined to form the unconditional margin. Not having either type of 

support and not having physical support have negative but insignificant associations 

with having any future expenditures, -0.003 (p-value 0.91) and -0.07 (p-value 

0.24) respectively. In the conditional part of the model, these indicators are 

associated with reduced medical expenditures, -$1,474 (p-value 0.52) for neither 

type of support and -$2,862 (p-value 0.27) for no physical support, but are also not 

significant. They are also associated with negative unconditional margins, but as 

mentioned, they are not statistically significant at the 5% level. Not having 

emotional support is insignificantly associated with a three percentage point 

increase in the chance of having medical expenditures (p-value 0.23). Although 
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also not significant, not having emotional support is associated with -$3,153 (p-

value 0.050) change in medical expenditures conditional on having expenditures 

and an unconditional margin of -$2,857 (p-value 0.06). Because none of the 

average marginal effects of health-related employer support are statistically 

significant and there is no overall pattern in how the results change when pain is 

added to the regression, Hypothesis B-5 is not supported. 

 Having pain is associated with a six percentage point increase in the chance 

of having future medical expenditures and is statistically significant (p-value 

<0.001). Having pain is also associated with increased expenditures of $2,535 in 

the conditional part of the model (p-value 0.03), and with increased expenditures 

for the unconditional margin of $2,618 (p-value 0.017). Hypothesis B-3 is 

supported in each part of the model and overall. Some of the measures of health 

status are also statistically significant in one or both parts of the model. Having a 

Charlson Comorbidity Index score of at least one is associated with an increase in 

the chance of having medical expenditures of eight percentage points (p-value 

<0.001). In the conditional part of the model, having a Charlson Comorbidity Index 

score of at least one is associated with additional $13,073 in expenditure (p-value< 

0.001). The estimated unconditional margin is also statistically significant, $13,034 

(p-value <0.001). Depression is significantly related to future medical expenditures 

in both parts of the model. In the first part of the model, depression is associated 

with a five percentage point increase in the chance of having any medical 

expenditure (p-value 0.002). Depression is also associated with an additional 

$5,991 (p-value 0.01) in expenditures conditional on having positive expenditures 

and with and additional $5,852 (p-value 0.01) combining both parts of the model. 
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High blood pressure and high cholesterol are each associated with a four 

percentage point increase in the risk of having any expenditure and are statistically 

significant (p-values 0.004 and 0.007 respectively). Neither condition is significantly 

associated with conditional expenditures or with unconditional expenditures. 

Asthma is not significantly associated with the chance of having any expenditures, 

but is associated with reduced expenditure, -$3,968 in the conditional part of the 

model (p-value 0.002) and overall, -$3,682 (p-value 0.002). Smoking status, BMI, 

the emotional health index, and the general health ladder are not statistically 

significant in either part of the model.  

 Being male is associated with a decrease in the chance of having expenditure 

of nine percentage points (p-value <0.001) and with reduced expenditures 

conditional on having positive expenditure, -$2,972 (p-value 0.01). The 

unconditional margin for male is statistically significant, -$3,126 (p-value 0.004). 

None of the other covariates are statistically significant in either part of the model 

or when both parts are combined.  

6.6.1 Results of Sensitivity Analyses 

Measurement: Preferences  

 The first sensitivity analysis discussed in this section controls for previous 

expenditures as a measure of preferences for health care (Table 35, column A). In 

this sensitivity analysis, the indicator of not having emotional support is no longer 

statistically significant in the conditional part of the model (-$6,401, p-value 0.58) 

or when both parts of the model are combined (-$5,954, p-value 0.59) when pain is 

included in the regression. These average marginal effects are statistically 

significant when pain was not included in the regression in the parallel sensitivity 
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analysis, -$6,420 (p-value 0.048) and -$5,960 (p-value 0.049) respectively. After 

controlling for previous expenditures, pain is associated with a five percentage point 

increase in the probability of having any future medical expenditure but its 

conditional and unconditional margins are not statistically significant as they are 

when previous expenditures are not included in the regression.  

Measurement: Health-Related Employer Support in the Analysis of Future Medical 

Expenditures 

 The next sensitivity analysis does not control for being in an open and 

trusting environment (Table 35, column B). The results of this sensitivity analysis 

are extremely similar to the original results—none of the indicators of health-

related employer support are statistically significant and the estimated magnitudes 

are very similar to the original analysis. The estimated average marginal effects of 

pain on future medical expenditures are also similar to the original estimates. In 

this sensitivity analysis pain is associated with a six percentage point increase in 

the probability of having any medical expenditures (p-value<0.001), an additional 

$2,549 (p-value 0.03) in the conditional part of the model, and an additional 

$2,625 (p-value 0.02) when both parts of the model are combined.  

Sample Selection: Expanded Sample 

 This sensitivity analysis uses an expanded sample with less stringent 

eligibility criteria (Table 35, column C). None of the indicators of not having health-

related employer support are statistically significant in either part of the model or 

when both parts are taken together. Pain is estimated to increase the risk of 

expenditure by eight percentage points in the expanded sample (p-value <0.001) 

while it is associated with a six percentage point increase in the original analysis. 
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The results for the conditional part of the model and for the unconditional margin of 

pain are more statistically significant in this sensitivity analysis though they are 

smaller in magnitude. Conditional on having non-zero expenditures, pain is 

associated with an additional $1,182 (p-value < 0.001) in spending in the expanded 

sample, compared to an additional $2,535 (p-value 0.03) in the original analysis. 

Overall, combining both parts of the model, pain is associated with an additional 

$2,618 (p-value 0.017) in the original analyses and with an additional $1,013 (p-

value <0.001) in the expanded sample.  

Differential Effects of Pain by Gender 

 As can be seen in the table (columns D and E), the association of pain with 

future medical expenditures differs by gender. For men (column D), pain is 

associated with an 11 percentage point increase (p-value<0.001) in the probability 

of having any expenditure. For women, pain is associated with a three percentage 

point increase (p-value 0.02) in the probability of having any expenditure. Neither 

the conditional margin nor the unconditional margin of pain was statistically 

significant for men. For women, pain is associated with an additional $4,311 (p-

value 0.01) conditional on having expenditure and with an additional $4,339 (p-

value 0.003) of future medical expenditures overall. Additionally, in the sample of 

only women, both the conditional margin and the unconditional margin of not 

having emotional support are statistically significant at the 5% level; -$4,090 (p-

value 0.04) and -$3,950 (p-value 0.04), respectively. Under the hypothesis, these 

effects were supposed to positive instead of negative.   
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6.6.2 Summary of the Analyses of Future Medical Expenditures 

controlling for Pain 

 The hypothesis tested in this section was confirmed, i.e., pain does increase 

future medical expenditures. This result was confirmed by the sensitivity analyses 

but with smaller magnitudes in the expanded sample and reduced statistical 

significance when controlling for previous medical expenditures. None of the 

indicators of health-related employer support were statistically significant whether 

or not pain was included in the regression—ruling out mediation. In the sensitivity 

analyses controlling for previous medical expenditures, controlling for pain reduced 

the magnitude and significance of the average marginal effects of not having 

emotional support on future medical expenditures. The sensitivity analyses using 

the expanded sample still had average marginal effects of not having health-related 

employer support that could not be distinguished from zero but had opposite signs 

and much smaller magnitudes. In the gender-stratified analyses, pain had a larger 

effect on the conditional and unconditional margins of future medical expenditures 

for women than men (the average marginal effects for men are not statistically 

significant). The chance of having any expenditure for men with pain was greater 

than that for women only. Additionally, the conditional and unconditional margins of 

not having emotional support were statistically significant for women after 

controlling for pain but the direction was opposite of that hypothesized.  
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6.8 Is the negative association of pain with productivity at work 

larger for those with health-related employer support than for those 

without? 

6.8.1 Productivity measured as Sick Days 

 Because the model of sick days is nonlinear, expectations are used to assess 

the potential moderation of hypothesis C-1: the negative association of pain with 

productivity will be larger for those with health-related employer support than those 

without. The estimated differences in expectations are displayed in Table 36.  

 Under hypothesis C-1, we are looking for the positive effect of pain on sick 

days with both types of support to be larger than the effect of pain on sick days 

with no support, no physical support, and no emotional support. According to the 

hypothesis, the estimated difference between the effect of pain on sick days with no 

support (or no physical support or no emotional support) and the effect of pain on 

sick days with both types of support should be negative and statistically significant. 

Each of the estimated moderation effects for the indicators of lack of health-related 

employer support are negative, but their 95% confidence intervals include zero. 

Hypothesis C-1 is not substantiated. 

6.8.2 Productivity measured as Self-Rated Relative Productivity 

 In this linear model, moderation is assessed by testing the statistical 

significance of the coefficients on the interaction terms as discussed in the methods 

chapter. The coefficient on the interaction of pain and not having either type of 

support is positive, 0.12, and statistically significant (p-value 0.01). The coefficients 

of the interactions of pain with not having physical support (0.14) and not having 
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emotional support (0.09) are not statistically significant at the 5% level, with p-

values of 0.22 and 0.18 respectively. An F-test of the joint significance of the 

coefficients on the interaction terms rejected the null hypothesis that all three 

coefficients are equal to zero (3.96, 0.01). Because the sign of the coefficient on 

health-related employer support is opposite what was expected (implying not 

having support  increased productivity) and the effect of pain on productivity is 

not statistically significant, it is not clear what the sign of the moderation terms 

should be to fit the hypothesis.  

6.9 Is the positive association of pain with future medical 

expenditures greater for those with health-related employer support 

than for those without? 

 The model of future medical expenditures is nonlinear, so expectations are 

used to assess the potential moderation of hypothesis C-2: the positive association 

of pain with future medical expenditures will be larger for those with health-related 

employer support than those without. As with the analysis of sick days, each 

relevant expectation is estimated and reported with its 95% bias-corrected and 

accelerated confidence interval with the key differences in expectations also 

separately bootstrapped (reported in Table 37).  

 Under hypothesis C-2, we are looking for the effect of pain on future medical 

expenditures with both types of support to be larger than the effect of pain on 

future medical expenditures with no support, no physical support, and no emotional 

support. According to the hypothesis, the estimated difference between the effect 

of pain on future medical expenditures with no support (or no physical support or 
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no emotional support) and the effect of pain on future medical expenditures with 

both types of support should be negative and statistically significant. However, each 

of the estimated moderation effects is positive and has 95% confidence intervals 

that include zero. Hypothesis C-2 is not substantiated. 

6.10 Summary of Results 
This section summarizes the results organized by research questions. 

Summary of Reduced Form Analyses 

 In the reduced form analyses that did not control for pain, the results for the 

effect of health-related employer support on productivity and expenditures were 

mixed but mostly not statistically significant. No relationship was found between 

health-related employer support and sick days, except in the sensitivity analysis 

that used employer-state averages in lieu of the individual measures (with a caveat 

that the effect may be outside of the feasible range at the employer level). Not 

having health-related employer support was found to increase self-rated relative 

productivity—the opposite of the hypothesis. Not having health-related employer 

support did not have a statistically significant relationship with future medical 

expenditures except in the sensitivity analysis that controlled for previous 

expenditures. In this sensitivity analysis, not having emotional support was 

associated with reduced future medical expenditures (matching the competing 

hypothesis).  

 Taken together, it does not appear that health-related employer support has 

a consistent relationship with sick days and future medical expenditures. The 

direction of the association between not having health-related employer support 

and self-rated relative productivity is unexpected. Turning to the other psychosocial 
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workplace factors in the analysis, not getting to use strengths at work was 

associated with a statistically significant decrease in self-rated relative 

productivity—as expected. Not working in a trusting and open environment is 

significantly associated with increased self-rated relative productivity. In the short-

term, it may be that the health effects of not having support are outweighed by the 

effect of not having support on productivity—not maintaining productivity might be 

less acceptable in environments without support. Environments that lack health-

related employer support are likely to make the employee feel that reductions in 

productivity for health reasons are not acceptable. This effect, which encourages 

the employee to maintain productivity, may dominate the reductions in productivity 

from lacking health-related employer support in the short-term because the health 

effects of lacking support may appear only over longer periods of time.  

Results of Mediation Analyses 

 This analysis did find a statistically significant association between not having 

health-related employer support and pain. This relationship held up under most 

sensitivity analyses, including those that used a different definition of pain. When 

neck/pain and other pain were used as the dependent variable instead of any pain, 

not having health-related employer support increased the probability of pain just as 

it did when the dependent variable was any pain. The results using knee/leg pain as 

the dependent variable were not statistically significant—in part possibly because 

most of the employees in the sample work in office setting, where neck and back 

pain are much more common than knee and leg pain. Repeating this analysis with a 

larger population might shed further light on this issue. When the coding of health-

related employer support “don’t know” values was changed, not having and/or not 
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knowing about support, particularly emotional support, was still associated with 

increased probability of pain. The relationship also qualitatively held true (but with 

reduced statistical significance) when employer-state averages were used in place 

of individual measures. The relationship was not statistically significant in the 

sensitivity analyses that split up dependents and employees. 

 This analysis also found that pain did increase sick days and future medical 

expenditures, but did not change self-rated relative productivity. However, because 

the average marginal effects of not having health-related employer support on sick 

days and future medical expenditures were not statistically significant whether or 

not pain was included in the regressions, there does not appear to be mediation for 

either of these outcomes. Despite individual-level health-related employer support 

lacking statistical significance in the main results, when employer-state averages 

were used in the sick days analysis the estimated average marginal effects of not 

having health-related employer support changed dramatically—all three indicators 

of not having support were significantly associated with having more sick days 

overall, not having emotional support and not having physical support were also 

associated with greater sick days conditional on having at least one (these two 

remained significant after pain was controlled for in the model). From this 

sensitivity analysis, it seems that reverse causality might be dampening the effect 

of health-related employer support on sick days—but this is only a tentative 

explanation. However, because the sizes of the average marginal effects only 

decrease for two of the three indicators after controlling for pain, and the changes 

are very small (from 0.01 to 0.003 for neither, and from 0.06 to 0.05 for no 

physical support) we cannot say that this sensitivity analysis shows mediation 
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overall. Turning to the remaining outcome, self-rated relative productivity, the 

average marginal effects were exactly the same when pain was included, except for 

not having emotional support, which changed to 0.19 from 0.20 when pain was 

included in the regression.  

Results of Moderation Analyses 

 Neither of the hypothesized moderation effects, of health-related employer 

support on the relationships between pain and sick days and between pain and 

future medical expenditures, was found in this analysis. The interaction terms in the 

linear model of self-rated relative productivity were jointly significant and did have 

the hypothesized sign but should be interpreted cautiously because pain had no 

effect on the outcome before the interaction terms were added and had a main 

effect (simple effect) that could not be distinguished from zero even after they were 

added (which could be interpreted as not having an effect for employees with both 

kinds of support). The other problem with interpreting this moderation is that the 

effect of not having health-related employer support was in the opposite of the 

hypothesized direction (less support  more productive). 
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Chapter 7. Discussion 

  This chapter is divided into several sections. The first section examines the 

principal results of the analyses and compares them to estimates from the 

literature. The second section covers the limitations of the dissertation and how 

they were addressed. The third section discusses the policy implications of the 

results and the final section discusses possibilities for future work. 

7.1 Principal Results and Comparisons to the Literature   
 
 The following table summarizes the results of this dissertation: 

Hypothesis Supported by Main 
Analysis 

Main 
Analysis 
Robust to 
Sensitivity 
Analyses 

Greater health-related employer 
support will be associated with 
greater productivity without 
controlling for pain. 

Inconclusive (sick days); 
Against (self-rated 
relative) 

Mixed 

Greater health-related employer 
support will be associated with 
lower future medical 
expenditures without controlling 
for pain. 

Inconclusive Yes 

Greater health-related employer 
support will be associated with 
reduced chance of pain. 

For Mixed 

Pain will be associated with lower 
productivity at work. 

For (sick days);  
Against (self-rated 
relative) 

Yes  

Pain will be associated with 
higher future medical 
expenditures. 

For Yes 

Controlling separately for pain 
will attenuate any positive 
associations of health-related 
employer support with 
productivity. 

Inconclusive Yes 

Greater health-related employer 
support will be associated with 

Inconclusive Yes 

147



higher future medical 
expenditures after controlling for 
pain. 
The negative association of pain 
with productivity at work will be 
larger for those with health-
related employer support than for 
those without. 

Inconclusive 
 

NA 

The positive association of pain 
with future medical expenditures 
will be greater for those with 
health-related employer support 
than for those without. 

Inconclusive NA 

 

 The results for the three main research questions posed in this dissertation 

were mixed.  

 The first question was: To what extent is health-related employer support 

associated with productivity at work and future medical expenditures after 

controlling for additional factors other than pain? Following are the results. 

o Lack of health-related employer support was not significantly related 

to productivity at work when measured as sick days in the main and 

most of the sensitivity analyses. In two of the sensitivity analyses, 

indicators for not having support were significantly associated with net 

overall increases in sick days.  

o Lack of health-related employer support was not significantly related 

to future medical expenditures in any analysis (main or sensitivity). 

o Lack of health-related employer support was significantly associated 

with higher self-rated relative productivity in the main and sensitivity 

analyses.  

 The second research question was: To what extent does pain mediate the 

relationships between health-related employer support and productivity at 
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work and between health-related employer support and future medical 

expenditures? Results follow. 

o Lack of emotional health-related employer support was significantly 

associated with increased chance of pain. While this result held true for 

most of the sensitivity analyses, the relationship was not statistically 

significant once race/ethnicity were controlled for, in the sample of 

dependents, and when two time points were used (although these 

samples were smaller than the one used for the main analysis and did 

not show much evidence of a relationship with the original 

specification). The lack of statistical significance is likely due to a lack 

of statistical power. 

o Pain was not significantly associated with self-rated relative 

productivity. 

o Pain was significantly associated with increased future medical 

expenditures. 

o Pain was significantly associated with increased sick days. 

o When pain was controlled for in the analyses of the association 

between not having health-related employer support and the outcomes 

(productivity at work and future medical expenditures), the results had 

the same pattern as when pain was not controlled for, so no mediation 

was shown. 

 The third research question was: To what extent does health-related 

employer support moderate the relationship between pain and productivity at 

work and between pain and future medical expenditures? See results below. 
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o Lack of health-related support was not found to moderate either the 

relationship between pain and sick days or the relationship between 

pain and future medical expenditures.  

o Although the moderation effects for the relationship between a lack of 

health-related employer support and self-rated relative productivity 

were statistically significant, the meaning of the effect is difficult to 

interpret. Pain was not significantly related to self-rated relative 

productivity and the effect of lacking health-related employer support 

was associated with higher self-rated relative productivity—the 

opposite of what was hypothesized. 

 Many of the estimates were not significant for most of the outcomes. There 

are several possible explanations. The simplest explanation is that the associations 

between the variables, for example between future medical expenditures and lack 

of health-related employer support, do not exist. Another possibility is that the 

sample size is too small or lacks enough variation to determine the nature of the 

relationship—more likely to be true for the case of future medical expenditures than 

for sick days. The lack of results in the analyses of the mediation of lack of health-

related employer support by pain may simply imply that the effect cannot be 

observed over such a short time horizon.  

 In some of the sensitivity analyses, most notably the analyses using 

employer-state averages of health-related employer support in lieu of individual 

measures, some significant results were seen that did not appear in the main 

analyses. While these results are promising, the problem of multiple comparisons 
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(the more tests we perform on the data, the more likely we are to reject the null 

hypothesis—that the association is zero—when it is true) reduces their impact. They 

were also quantitatively small. 

 Because so few papers use employer support to predict productivity at work 

and future medical expenditures, it is difficult to compare these dissertation results 

to the literature. Some of the results can be compared to estimates from a paper by 

Shi and colleagues [40]. The measures used by Shi et al. differ from those used in 

this dissertation. Their measure of support was a general measure that asked 

employees to rank their employer’s support for their well-being on a 0-10 scale 

(health-related employer support was the focus of this dissertation). For this 

dissertation’s model estimating the number of sick days, only results from the first 

part estimating the probability of having any sick days can be compared because 

Shi et al. used a binary dependent variable equal to one if the employee had 

missed any days in the past 28. The estimates from Shi et al. did not find a 

relationship between overall organizational support and having any sick days, which 

parallels the results of this dissertation with its more narrowly defined measure of 

health-related employer support [40]. Shi et al. found that pain was associated with 

an increase in the odds of having sick days of 1.16 (the baseline odds of having any 

sick days was 0.24—0.19% of employees reported sick days) [40]. Using the 

baseline odds as an example, the estimated odds ratio implies that the probability 

of taking sick leave was 21% for employees with recurring pain compared to 19% 

for those without pain. This dissertation found that pain was associated with a five 

percentage point (0.05) increase in the probability of having any sick days holding 

all else equal. In results not shown, using the sample for this dissertation but with 
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self-rated productivity as the outcome to match the Shi et al. paper, the association 

of recurring pain with self-rated productivity was very similar, -0.034 (p-

value<0.01), to the Shi et al. results, -0.033 (p-value<0.01) [40]. The key 

difference in the analysis of self-rated productivity was that the general well-being 

measure used by Shi et al. was significantly positively related to self-rated 

productivity while the measure of the health-related employer support used in this 

dissertation was not statistically significant.  

 Estimates from this dissertation of the impact of pain on productivity at work 

and future medical expenditures can be more readily compared to existing 

estimates. The estimate from this dissertation that employees with pain have an 

additional $2,618 in medical expenditures compared to individuals without pain is 

lower than the estimates of Gaskin and Richard, who estimated that individuals with 

pain had an additional $4,516 of expenditures compared to those without pain [1, 

154]. However, Gaskin and Richard used a nationally representative sample—which 

is very different from the employee population used in this sample [1, 154]. While 

the prevalence of pain was smaller in the national sample (21% versus 44% in this 

dissertation) the survey questions asked to determine pain were different25. 

Individuals with severe functional limitations from pain were less likely to be in the 

employed sample than in the representative sample (because they may not be able 

to work). These individual are also more likely to have greater expenditures 

because of the severity of their pain.   

 Gaskin and Richard also estimated productivity loss using the number of days 

missed for health in the previous year [154]. The average number of days missed 

                                       
25 The SF-12 measures of pain were used by Gaskin and Richard. 
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in the sample used for this dissertation was higher, 0.48 in the last month (5.76 if 

scaled to a year), than the average in the Gaskin and Richard sample, 2.14 days 

missed over a year [154]. After controlling for other variables, Gaskin and Richard 

estimated that individuals with pain missed 2.1 additional days of work over a year 

than individuals without pain (average 0.18 days/month) [154]. This is actually 

fairly close to the estimate of an additional 0.20 days/month given in this 

dissertation, especially considering the difference in control variables and 

regression model26. 

 7.2 Study Limitations 
 
 The major threats to the validity of the study are sample selection, reverse 

causality, measurement issues, and omitted variable bias. These threats and the 

attempts to minimize them are summarized in turn. 

 Sample selection is a threat because only employers who gave WBAs and 

employees who took WBAs are included in the sample, so, the results may not 

generalize to other populations. For the models of productivity at work and pain, 

sensitivity analyses using dependents of employees partially addressed this 

concern. These analyses differed slightly from the main results, most likely because 

the power was much lower. For the model of future medical expenditures, an 

expanded sample used a less restrictive definition of eligibility so that employees 

from an additional employer could be used for analysis. This sensitivity analysis 

confirmed the main result that lack of health-related employer support was not 

related to future medical expenditures. Given the limited previous work in this area 
                                       
26 Gaskin and Richard used a log-linear regression for the second part of the two-part model. 
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and the diversity of occupations and locations of worksites in the sample, the study 

still provides new information for the field despite the threat of selection bias. 

 Concerns about endogeneity between key concepts can only be partially 

addressed given the complicated nature of the relationships, the study design, and 

the lack of available instruments to use in instrumental variables methods. When 

employer-state averages (productivity and pain analyses) and two time points (pain 

analysis) were used to address this problem, the results either generally matched 

the main analyses or the association of health-related employer support with the 

outcomes became stronger—indicating that the direction of bias in the main 

analyses is towards the null. Of course, using two time points introduces its own 

bias, because only individuals who stayed at their employer were eligible (so 

individuals who left bad environments would no longer be in the sample).  

 Another limitation is the measurement of health-related employer support 

given the relatively large percentage of employees answering “don’t know.” If these 

answers contained information and should not have been treated as missing, then 

the main results might be biased. Two additional analyses tested the sensitivity of 

the results to the way “don’t know” answers were handled. Generally, these results 

were the same as the main analysis. In addition, not knowing about emotional 

support was found to be related to increases in the probability of pain of about the 

same magnitude as not having emotional support. The measurement of pain was 

also tested by combining the existing measure with a measure of pain in the 

previous day. These results were very close to the main analyses. 

 Because not having physical and emotional health-related employer support 

were measured as binary variables, they have limited variation compared to 
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continuous variables. The measure of pain is also binary. This relative lack of 

variation may increase the likelihood of Type II error (failing to reject the null 

hypothesis when the alternative is true). In the analysis of the relationship between 

pain and not having health-related employer support, this conservative bias 

reinforces the importance of the result because it was statistically significant.  

 Additionally, in the analyses of productivity at work and medical 

expenditures, having both key exposure variables (not having health-related 

employer support and pain) be binary may also have led to increased probability of 

Type II error. The sensitivity analysis using employer-state averages of health-

related employer support increases variation by allowing for a measure that varies 

from zero to one (but reduces variation in another sense because there is no longer 

individual variation). In the analysis of sick days, the indicators for lack of health-

related employer support are associated with sick days when employer-state 

averages are used, but are not when individual measures are used—lending some 

support to the idea that the Type II error might be high in the original models. Pain 

was significantly related to sick days and future medical expenditures, despite the 

conservative bias from the lack of variation.   

 The presence of omitted variables could bias the results if these variables are 

correlated with both the dependent variables and with the predictors of interest 

(lack of health-related employer support and pain). In the future medical 

expenditures model, preferences could be considered an omitted factor despite the 

proxies used in the main analysis. When previous medical expenditures were 

included in the model, to proxy for preferences, not having health-related employer 

support was still not statistically significant. The use of drugs and alcohol are 
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potential omitted variables in the analyses of productivity at work and pain. The 

results of the sensitivity analyses that controlled for these factors using a 

subsample of employees were essentially the same as the main analyses. 

Race/ethnicity was another potentially omitted factor in the analysis of pain. The 

sensitivity analysis that used the subsample of employees with race/ethnicity data 

differed from the main results, but this was likely due to the specific subsample of 

employees rather than the addition of race/ethnicity to the model.  

 A few variables omitted from the main analyses could not be addressed with 

sensitivity analysis. Employee physical load and standard workplace metrics such as 

job strain and ERI could not be controlled for in any of the analyses (though 

physical load is only relevant for pain). In the case of estimating the impact of 

health-related employer support on pain, if physical load increases the risk of pain 

and tends to occur in workplaces without health-related employer support, then the 

estimated impacts are likely to be overestimated. However, the direction of the 

correlation between health-related employer support and physical load is not known 

and the analysis does use several proxies for physical load, which should reduce the 

bias. The bias of using non-standard measures of the psychosocial work 

environment cannot be assigned precisely because the sets of measures have not 

been compared.  

7.3 Policy Implications 

While most of the hypothesized effects were not statistically significant, 

health-related employer support was found to be related to pain and pain was 

found to be significantly related to future medical expenditures and sick days. 

These results have implications for employers and employees. They show that 
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health-related employer support is associated with pain, which in turn increases 

medical expenditures and reduces productivity by increasing sick days—two 

outcomes that are important to employers because they affect profitability. In other 

words, pain reduction would improve employers’ bottom lines, all else equal, 

because it would likely lead to lower medical expenditures and decrease the 

number of sick days employees need to take. Health-related employer support is 

one potential mechanism employers can control and change that is associated with 

pain—other workplace psychosocial factors are also possible mechanisms. The 

association of health-related employer support with pain is likely to be more 

important to employees than the association of pain with future medical 

expenditures and sick days.   

The implications of the results that not having health-related employer 

support increases self-rated relative productivity are less clear. In results not shown 

in the tables, lack of health-related employer support was not significantly related 

to self-rated productivity but was associated with reduced ratings of the usual 

worker. It seems that not having health-related employer support lowers 

employees’ evaluations of others, but does not significantly alter self-evaluations. 

Pain was found to significantly decrease employees’ ratings of their own 

productivity and of the productivity of others. 

The previously documented relationship between negative affect and chronic 

pain may help to explain the result that not having health-related employer support 

increases self-rated relative productivity. Negative affect has been studied as both 

a state (temporary response to internal or external stimuli) and a trait (reflecting a 

pattern of response—foundation for personality characteristic) [151]. In general, 
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negative affect and pain are positively related [151-153]. State negative affect has 

been found to be associated with increased pain report, passive coping skills, and 

greater functional disability [151, 154, 155]. In a study of women with 

osteoarthritis and/or fibromyalgia, elevated pain and stress were found to predict 

increases in negative affect and both weekly increases and higher average levels of 

negative affect predicted pain—the relationship may be reciprocal [153]. This 

possibility has been noted in other studies as well [152].  

 Individuals with negative affect may be more likely to respond that they do 

not have health-related employer support, to view the usual worker’s productivity 

more negatively, and to view their own productivity more negatively. In the 

estimated model, not having health related employer support was significantly 

related to increases self-rated relative productivity by reducing the employee’s view 

of the productivity of the usual worker. However, not having health-related 

employer support was not significantly related to self-rated productivity. Given 

these results, negative affect may partially explain the direction of the finding that 

not having health-related employer support increased self-rated relative 

productivity, but is not a complete explanation. 

Some of the ancillary results of this dissertation also have interesting policy 

implications. The association of physical activity with reduced sick days is 

interesting in the context of workplace wellness because physical activity is a 

modifiable factor commonly targeted by workplace wellness programs. While 

reverse causality is a threat to the direction of causation, the result that physical 

activity outside of work increases productivity at work has been shown before and 
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is one of the motivations for implementing worksite fitness programs, such as 

instant recess [155].  

Given the lack of change in the sick days and medical expenditures 

associated with lack of health-related employer support in the reduced-form 

models, employers may want to focus on other workplace factors to impact these 

outcomes directly. The increase in the risk of pain associated with additional 

workplace psychosocial factors, such as job dissatisfaction, not getting to use 

strengths at work, and not working in a trusting and open environment, suggest 

additional mechanisms employers may use to reduce employee pain. Not working in 

a trusting and open environment was associated with increased sick days (~10% of 

the average), but with increased self-rated relative productivity (by lowering ratings 

of the usual worker). Not getting to use strengths at work was associated with a 

decrease in self-rated relative productivity. Despite not affecting medical 

expenditures and productivity at work in reduced-form models, health-related 

employer support does seem to affect pain, so it might be worthwhile for employers 

to continue using it as a way to improve employee health, even though the 

associations are quantitatively small (increase in pain is <10% of average of 44%, 

i.e. less than 4.4 percentage points). In other words, even though the reduced-

form results do not provide support for a reduced-form relationship between health-

related employer support and productivity at work and future medical expenditures, 

the mediation analyses provide at least some evidence that health-related may be 

affecting both outcomes when looking strictly at mediation through pain. 

There have always been tensions between the concepts of “workplace 

wellness” and occupational health and safety which have been highlighted by the 
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passage of the ACA and its incentives for employers to provide wellness services 

and allow the use of substantial financial incentives for employees. Recent 

controversy surrounding wellness programs at the state level has also been fierce, 

with some states passing legislation to encourage the use of wellness programs 

while others have passed legislations restricting wellness programs. In California, 

Senate Bill 189: Health Care Coverage: Wellness Programs was recently analyzed 

by the California Health Benefits Review Program27. S.B. 189 sought to restrict the 

use of financial incentives, changes to premiums, and changes to cost-sharing 

based on wellness programs offered by plans/insurers regulated by the California 

Department of Insurance and the California Department of Managed Health Care for 

plans new after January 2014. This bill is an example of the controversy 

surrounding wellness programs as well as the complications that arise in the design 

of wellness programs since they may be offered directly by employers, by unions, 

or by insurers (among others). 

Differences between the approach to health and the role of the workplace 

between the traditional occupational health and safety and the wellness approaches 

can be divided into three categories: conceptual, implementation, and impact 

measurement issues.   

Conceptual issues that are a source of division stem from where the burden 

of poor health is placed. Workplace wellness programs place the primary 

responsibility for poor health on the employee, especially for modifiable risk factors 

that lead to chronic disease, while more traditional approaches to workplace health 

                                       
27 A copy of the report is available at 
http://chbrp.ucop.edu/index.php?action=read&bill_id=149&doc_type=3 . 
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and safety put a large portion of the burden on the employer. “Is it [reasonable] to 

expect a worker whose boss yells at her all day to quit smoking within 90 days?” 

[156] From the traditional occupational health standpoint, it is unreasonable to 

expect this employee to quit smoking because her psychosocial work environment 

creates undue amounts of stress. In contrast, a workplace wellness program might 

offer smoking cessation programs for free to the employee, or alternatively, she 

might be penalized for smoking by paying a higher share of her health insurance 

premiums because the behavior is one that she chooses to continue. However, the 

picture is more complicated than that because workplace wellness programs often 

recognize that environment matters. For example, cafeteria redesigns that promote 

healthy choices, instead of unhealthy ones, recognize the implicit impact of the 

environment on employees. In the academic literature, the extent to which external 

factors and individual choices affect health is still a matter of debate.  

This dissertation controlled for both psychosocial workplace factors and 

individual health behaviors in the analysis of pain (which might be considered over-

controlling from an occupational health standpoint). Both sets of factors had 

significant relationships with employee pain. Using an extended set of factors and 

additional outcomes may allow for a more nuanced argument about the role of 

employers and employees in determining health. Given that there is tacit 

acknowledgement that the environment does affect employee choices and health in 

the framework of workplace wellness, using workplace wellness as an entry point to 

discussions about working conditions more generally may have benefits for 

employees as well as for employers (who might not be spending money on 

programs that are unlikely to change employee health).  
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Implementation of wellness programs is another source of concern for 

employers, primarily with respect to litigation and turnover, and for employees, 

primarily because of fairness and privacy issues. There is also concern that some 

wellness efforts may turn social support among employees from a positive factor 

into a negative one [156]. Additionally, critiques of the NIOSH Total Worker Health 

Program, which promotes “integrating health protection and health promotion,” 

[157] express concerns over whether the approach is applicable to small worksites, 

shows lack of collaboration with unions, and an “inadequate conceptual model of 

the causes of work-related diseases,” among others [158]. These critiques stem 

from concerns over fairness with respect to individual employees in how programs 

are implemented, as well as fairness from a more global perspective—given the 

conceptual issues outlined previously. Rigorous research on the implementation of 

health, safety, and wellness programs is needed. This is particularly the case in 

small-employer settings, none of which were available for examination in this 

dissertation. Part of the difficulty in assessing implementation is that both 

“organizational culture” and individual behavior are very hard to change, so 

measuring the effect of change is often moot.  

 The third point of contention is how outcomes are defined and measured. 

Critiques of the NIOSH Total Worker Health initiative specifically target these areas 

[158]. Workplace wellness has generally had return-on-investment (ROI) as a 

primary outcome. This measure may use medical costs, productivity costs, and 

turnover costs to show whether wellness programs are a good investment for a 

given employer. Ostensibly, any cost improvement is due to the effect of the 

wellness programming on employee health. However, decreasing costs may not be 
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the result of better health, but rather be the result of poor psychosocial work 

environment factors that become barriers to seeking care (or encourage postponing 

needed care). Using the outcomes studied in this dissertation, decreased future 

medical costs may be the result of better employee health that has reduced the 

need for care or be the result of higher opportunity costs of getting care because of 

psychosocial workplace factors. Similarly, reduced sick days could be due to better 

employee health or could be due to workplace pressure on employees to work while 

ill. While this dissertation tried to address these issues of attribution through 

conducting mediation and moderation analyses, no conclusive results were found.  

7.4 Future Work 
 Because health-related employer support was not significantly associated 

with the sick days and future medical expenditures, future analysis with different 

data could explore the relationships using validated workplace indices, such as the 

JCQ and the workplace psychosocial measures that were associated with sick days 

in this analysis. Future work might also include measures of physical activity as it is 

likely to be a confounder in the relationships between pain and productivity at work. 

 Given the counter-intuitive nature of the results using self-rated relative 

productivity, future analyses that examine each component of relative productivity 

seem warranted. Some factors, such as lack of health-related employer support and 

pain, affect self-ratings and ratings of others in the same direction, while other 

factors, such as exercise, only affect self-ratings. Conceptually, some of these 

measures should not impact employees’ ratings of others, so controlling explicitly 

for psychological factors would increase the reliability of the attribution of the 

effects.  
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 Since not having emotional support was associated with increased risk of 

pain, further exploration could look at the role of not having support for emotional 

health in other modifiable health conditions. Additionally, the relationships between 

psychosocial workplace factors, pain, productivity at work, and future medical 

expenditures could be studied over a longer time horizon since the short-term and 

long-term effects of not having health-related employer support might differ. 
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Figure 6. Geographic Distribution of Productivity Sample (N=34,359) 
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Figure 7. Sample Size Flowchart  

 

Figure 8. Sample Size Flowchart for Future Medical Expenditures Sample 
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Table 9. Variable List by Research Question 
A-1) Is health-related employer support associated with productivity at work 
after controlling for additional factors other than pain? 
A-2) Is health-related employer support associated with future medical 
expenditures after controlling for additional factors other than pain? 
B-1) To what extent is health-related employer support associated with pain? 
B-2) To what extent is pain associated with productivity at work?  
B-3) To what extent is pain associated with future medical expenditures?                                                
B-4) Does controlling separately for pain will attenuate any positive 
associations of health-related employer support with productivity?                                                                                                                                                          
B-5) Does controlling separately for pain will attenuate any negative 
associations of health-related employer support with future medical 
expenditures?                                                                                                                                                             
C-1) To what extent does health-related employer support moderate the 
relationship between pain and productivity at work after controlling for 
additional factors? 
C-2) To what extent does health-related employer support moderate the 
relationship between pain and future medical expenditures after controlling for 
additional factors? 

 
Research Questions 

  A-1 A-2 B-1 

B-2 
&  

B-4 

B-3 
&  

B-5 C-1 C-2 
Dependent Variables               
Number of days missed from 
work for health reasons out of 
past 28 days (sick days) X     X   X   
Self-rated Relative Productivity X     X   X   
Future Medical Expenditures   X     X   X 
Recurring pain in past 12 
months     X         

Predictors               
Health-related Employer 
Support (Both is reference, 
Neither, No Physical Support, 
No Emotional Support) X X X X X X X 
Recurring pain in past 12 
months - -  - X X X X 
Recurring pain*health-related 
employer support - -  - - -  X X 
Unsatisfied at work X X X X X X X 
Does not get to use strengths 
at work X X X X X X X 
Work environment is not 
trusting and open X X X X X X X 
Does not have enough 
resources to do job well u  X u u X u X 
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Does not get to learn 
interesting things at work u X u u X u X 
Has Job Insecurity u X u u X u X 
Typical Hours Worked per week  u X u u X u X 
Occupation Category 
(professional worker is 
references, manager/executive 
/official, sales worker, clerical/ 
office worker, manufacturing/ 
production worker, business 
owner, service worker, 
construction/mining worker, 
transportation worker, 
installation/repair worker, 
farming/fishing/forestry 
worker, other X - X X - X - 
Tenure on the job (years) X -  - X -  X -  
Number of Children under 18 X X X X X X X 
Provides Informal Care X -  X X -  X -  
Has Spouse/Partner X X X X X X X 
Can count on family/friends for 
help if in trouble (social help) - -  X - -  -  -  
Male - X X - X -  X 
Current Smoker X X X X X X X 
Number of times exercised in 
past week (0 is reference, 1-2 
times, 3 or more times) X -  X X -  X -  
Highest level of completed 
education (less than high 
school is reference, high school 
diploma or degree, technical/ 
vocational school, some 
college, college graduate, post 
graduate work or degree) X -  X X -  X -  
Age (years) X X X X X X X 
BMI X X X X X X X 
AMI X c X X c X c  
Asthma X X X X X X X 
Cancer X c X X c X c  
Depression X X X X X X X 
Diabetes X c X X c X c 
High Blood Pressure X X X X X X X 
High Cholesterol X X X X X X X 
Charlson Comorbidity Index ≥1 u X u u X u X 
General Health Ladder X X X X X X X 
Emotional Health Index X X X X X X X 

196



Monthly Household Income (up 
to $2,999 is reference; $3,000 
to $3,999; $4,000 to $4,999; 
$5,000 to $7,499; $7,500 to 
$9,999; $10,000 and over)  - X - - X - X 
Health Insurance type  - X - - X - X 
Number of hospital beds per 
1,000 people in state - X - - X - X 
Active Medical Specialty 
Physicians (excluding GIM, 
Pediatrics & Psychiatry) per 
10,000 people in state - X - - X - X 
Active Family, General, General 
Internal Medicine, and Pediatric 
physicians per 10,000 people 
in state - X - - X - X 
Active Psychiatry Specialty 
Physicians per 10,000 people 
in state - X - - X - X 
Census Region (East North 
Central is Reference, West 
North Central, West South 
Central, East South Central, 
South Atlantic, Middle Atlantic, 
New England, Mountain, 
Pacific) X X X X X X X 
Employer Indicator X - X X - X - 

NOTES: This table displays the dependent variables and predictors for each 
analysis organized by hypothesis. X: Variable is included in the analysis 
u: Variable not included because it is unavailable for the relevant sample 
-: Variable not included because it does not measure a concept in the relevant 
conceptual model 
c: Variable not included because it is a component of the Charlson Index which 
is included 
s: Variable not included because there are not enough observations to generate 
estimates for each category 
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Figure 11. Percent of Employees Reporting Recurring Pain by Number of 
Sites (knee/arm, neck/back, other) 

 

 
  

One Site 
29% 

Two Sites 
11% 

Three Sites 
3% 

None 
55% 

Missing/Don't 
Know 
2% 

Note: This chart shows the 
percentage of employees reporting 
pain. The three "sites" are as follows: 
knee/leg, neck/back, and other. 
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Table 12. Sample Characteristics – Productivity Sample  

Dependent Variables 

Mean or 
Percent   

(Standard 
Deviation) 

Percent 
Missing 

Number of days missed for health 
reasons in the past 28 (Sick Days) 0.48 (1.88) 0.14% 
Own Productivity Rating  
(0-10 scale) 8.36 (1.20) 1.50% 
Rating of Usual Worker 
Productivity (0-10 scale) 7.36 (1.45) 7.92% 
Self-rated Relative Productivity 
(Own – Usual) 0.98 (5.49) see above 
Recurring Pain in the last 12 
months 44.43% 0.32% 
  

  Predictors 
  Health-related Employer Support1   

Both Physical & Emotional 53.87% 26.15% 
missing 

emotional Neither Physical or Emotional 6.39% 
Physical Only 6.85% 18.48% 

missing 
physical Emotional Only 1.13% 

Unsatisfied with job 18.08% 7.45% 
Do not use strengths every day  25.14% 5.25% 
Supervisor does not create a 
trusting and open environment 19.47% 7.93% 

Tenure on the Job (years) 11.72 
(9.76) 0.00% 

Number of Children under 18 0.87 (1.19) 0.02% 
Provides informal care 16.17% 0.44% 
Married/Partner 71.00% 1.27% 
Current Smoker 8.54% 0.40% 
Exercise in past week  1.67% 
0 times 22.20% 

 1 or 2 times 27.66% 
 3 or more time 50.14% 
 AMI (ever told) 0.77% 0.29% 

Asthma (ever told) 9.67% 0.30% 
Cancer (ever told) 3.71% 0.31% 
Depression (ever told) 11.78% 0.63% 
Diabetes (ever told) 5.29% 0.38% 
High Blood Pressure (ever told) 22.34% 0.44% 

1 Totals do not sum to 100 because some individual reported values for only 1 question. 13.28% reported 
an answer for physical but not emotional, 5.61% did the reverse, and 12.88% did not report either answer. 
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High Cholesterol (ever told) 24.12% 0.71% 

Age (years) 42.82 
(10.86) 0.00% 

BMI  28.31 
(6.27) 0.23% 

Emotional Health Index (out of 
100) 

74.47 
(27.84) 0.03% 

Health Ladder (0 to 10) 7.44 
(1.78) 0.47% 

Can count on family/friends if in 
trouble 95.51% 2.59% 
Male 51.26% 0.00% 
Highest level of completed 
education  0.04% 
Less than high school diploma 5.43% 

 High school degree or diploma 10.63% 
 Technical/vocational school 5.46% 
 Some college 21.85% 
 College graduate 38.05% 
 Post graduate work or degree 17.60% 
 Employer Size  
 0-999 8 NA 

1,000-9,999 4 NA 
10,000 & up 2 NA 

Notes: This table gives the descriptive statistics for the sample 
used to estimated research questions that have productivity or 
pain as the dependent variable. (N=34,359, 14 employers) 
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Table 13. Occupation Distribution of Productivity/Pain Sample  
         Occupation Category          Percent of Sample 

Professional worker 40.4% 
Manager, executive, or 
official 

19.3% 

Clerical or office worker 18.4% 
Manufacturing or 
production worker 

4.7% 

Service worker 2.6% 
Sales worker 2.1% 
Business owner 0.8% 
Installation or repair 
worker 

0.7% 

Transportation worker 0.4% 
Construction or mining 
worker 

0.3% 

Farming, fishing, or 
forestry worker 

0.3% 

Other 7.8% 
Prefer not\Don't 
Know\Missing 

2.1% 

Note: This table gives the percentage of 
employees in the sample by their self-
reported occupations. (N=34359, 
Employers 14) 
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Figure 15. Number of Days Missed from Work for Own-Health in the past 
28 days (sick days) 
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Figure 16. Histogram of Self-rated Productivity on a 0-10 scale 

 
          Note: 10 is the highest rating and 0 is the lowest rating 
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Figure 17. Histogram of the Self-rated Relative Productivity (Own 
Productivity – Usual Worker Productivity) 

 

Note: 10 is the highest rating and 0 is the lowest rating for each of the variables. 
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Figure 19. Distribution of Future Medical Expenditures  

 
 
Note: This figure graphs the distribution of future medical expenditures for 
individuals who have greater than zero expenditure. (N=1584) 
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Table 20: Sample Characteristics of the Subsample used to Analyze Future 
Medical Expenditures  

Characteristic Mean (SD) or 
Percent 

Percent 
Missing 

Dependent Variable   

Aggregate Medical Expenditures (2008) $ $7,874 
($22,220) 0.00% 

Predictors   
Health-related Employer Support2   

  Physical & Emotional 80.43% 1.1% 
physical 

   Neither Physical nor Emotional 6.38% 1.8% 
emotional 

Emotional Only 2.34%  
Physical Only 8.65%  

Typical Hours/week 40.82 (9.84) 1.96% 
Do not learn or do interesting things at 
work 16.24% 0.06% 

Do not have fun at work 25.14% 0.32% 
Do not have resources to do job well 12.00% 0.51% 
Unsatisfied with job 6.09% 0.51% 
Do not use strengths every day  17.07% 0.13% 
Supervisor does not create a trusting and 
open environment 19.70% 8.65% 

Employer downsizing (Job Insecurity) 8.93% 2.46% 
Men 41.35% 0.00% 
Pain 46.09% 0.00% 
Age (years) 45.76 (10.98) 0.00% 
Current Smoker 12.69% 0.00% 
BMI 28.28 (6.33) 3.35% 
Charlson Comorbidity Index Score 0.43 (1.15) 0.00% 
Asthma (ever told) 15.29% 0.06% 
Depression (ever told) 16.87% 0.06% 
High Blood Pressure (ever told) 24.95% 0.06% 
High Cholesterol (ever told) 25.09% 0.13% 
Emotional Health Index (out of 100) 84.53 (22.63) 0.57% 
Health Ladder (0 to 10) 8.19 (1.58) 0.13% 
Monthly Household Income  17.36% 

$0 to $1,999 6.38%  
$2,000 to $2,999 9.03%  
$3,000 to $3,999 12.18%  
$4,000 to $4,999 12.25%  
$5,000 to $7,499 20.52%  

2 Totals do not sum to 100 because some individual reported values for only 1 question. 0.38% reported 
an answer for physical but not emotional, 1.07% did the reverse, and 0.76% did not report either answer. 

209



$7,500 to $9,999 9.22% 
$10,000 and over 13.07% 

Spouse or Partner 74.78% 0.63% 
Number of Children under 18 in household 0.78 (1.07) 0.06% 
Health Insurance Type 3.41% 

PPO 64.97% 
HMO-Gate Keeper 18.82% 
HMO-Open Access or POS 12.68% 
Indemnity 3.53% 

Census Region 0.00% 
Midwest 97.34% 
Northeast 0.5% 
South 1.20% 
West 0.95% 

Health System – state level 
Hospital Beds per 1,000 population 3.73 (0.66) 0.00% 
Active Family, General, General 
Internal Medicine, and Pediatric 
physicians per 10,000 population 

3.00 (0.68) 0.00% 

Active Medical & Surgical Specialty 
Physicians per 10,000 population 
(excluding GIM, Pediatrics, & 
Psychiatry) 

10.69 (1.16) 0.00% 

Active Psychiatry Physicians per 10,000 
population 0.68 (0.16) 0.00% 

Notes: (N=1,584) 
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Figure 21. Distribution of Charlson Score for employees in the subsample 
used to estimate future medical expenditures  

 
 
Note: This histogram shows the Charlson Comorbidity Index scores for individuals 
in the subsample used to estimated medical expenditures. (N=1584) 
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Table 22. Two-Part Model Estimates of the Association Between Health-Related 
Employer Support and Sick Days, Not Controlling for Pain 

Variable 

Percentage Point 
Difference in 
Probability of 

Having Any Sick 
Days)    [95% CI] 

Change in 
Expected 

Number of Sick 
Days 

Conditional on 
Having > Zero 

[95% CI] 

Unconditional 
Change in 
Expected 

Number of Sick 
Days                        

[95% CI] 

Health-related Employer 
Support (Both is 
reference) 

      

Neither 
0.01 -0.03 0.01 

[-0.01, 0.02] [-0.22, 0.17] [-0.04, 0.06] 

No Physical Support  
-0.001 0.32 0.06 

[-0.03, 0.03] [-0.28, 0.93] [-0.09, 0.20] 

No Emotional Support 
0.01 0.08 0.04 

[-0.01, 0.03] [-0.24, 0.39] [-0.04, 0.13] 

Unsatisfied 
0.01 0.04 0.04 

[-0.001, 0.03] [-0.14, 0.21] [-0.01, 0.09] 
Does not get to use 
strengths 

0.02 -0.02 0.03 
[0.005, 0.03] [-0.15, 0.10] [-0.002, 0.07] 

Not trusting and open 
environment 

0.004 0.25 0.06 
[-0.01, 0.02] [0.12, 0.37] [0.02, 0.10] 

Tenure on the Job 
(years) 

-0.001 -0.01 -0.004 
[-0.001, -0.0004] [-0.01, -0.002] [-0.01, -0.002] 

Occupation category 
(Professional worker is 
reference) 

      

Manager, executive, 
or official 

-0.03 -0.05 -0.09 
[-0.05, -0.02] [-0.18, 0.08] [-0.12, -0.05] 

Sales worker 
-0.001 -0.01 -0.004 

[-0.03, 0.03] [-0.41, 0.38] [-0.11, 0.10] 
Clerical or office 
worker 

0.02 -0.03 0.04 
[0.01, 0.03] [-0.14, 0.08] [0.01, 0.08] 

Manufacturing or 
production worker 

-0.03 0.64 0.04 
[-0.05, -0.01] [0.38, 0.90] [-0.03, 0.11] 

Business owner 
0.05 0.46 0.23 

[0.0002, 0.10] [-0.15, 1.07] [0.02, 0.44] 

Service worker 
0.02 0.36 0.12 

[-0.01, 0.04] [0.08, 0.64] [0.03, 0.21] 
Construction or 
mining worker 

0.02 1.16 0.31 
[-0.05, 0.10] [-0.30, 2.62] [-0.07, 0.69] 

Transportation 
worker 

-0.01 0.68 0.10 
[-0.07, 0.05] [-0.50, 1.87] [-0.18, 0.38] 

Installation or repair 0.05 0.85 0.31 
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worker [-0.003, 0.10] [0.38, 1.32] [0.12, 0.50] 
Farming, fishing, or 
forestry worker 

0.04 0.08 0.12 
[-0.04, 0.13] [-0.62, 0.78] [-0.14, 0.38] 

Other 
0.01 0.14 0.04 

[-0.01, 0.02] [-0.02, 0.30] [-0.01, 0.09] 
Number of Children 
under 18 

0.002 -0.03 0.001 
[-0.001, 0.01] [-0.06, 0.01] [-0.01, 0.01] 

Provides informal care 
0.02 0.08 0.05 

[0.004, 0.03] [-0.02, 0.18] [0.02, 0.09] 

Spouse/Partner 
-0.02 0.06 -0.03 

[-0.03, -0.01] [-0.03, 0.14] [-0.06, -0.002] 

Highest level of 
completed education 
(Less than high school 
diploma is reference) 

High school 
degree or diploma 

0.03 0.26 0.14 
[0.01, 0.06] [0.03, 0.48] [0.06, 0.21] 

Technical/vocational 
school 

0.01 0.15 0.04 
[-0.02, 0.03] [-0.11, 0.41] [-0.03, 0.12] 

Some college 
0.03 0.25 0.13 

[0.01, 0.05] [0.04, 0.46] [0.06, 0.19] 

College graduate 
0.01 0.04 0.03 

[-0.01, 0.03] [-0.16, 0.25] [-0.03, 0.09] 

Post graduate work 
or degree 

-0.02 -0.18 -0.07 

[-0.04, 0.01] [-0.40, 0.03] [-0.13, -0.01] 

Exercise in past week (0 
times is reference) 

1 or 2 times 
-0.01 -0.33 -0.10 

[-0.02, 0.00] [-0.43, -0.22] [-0.14, -0.06] 

3 or more times 
-0.04 -0.29 -0.15 

[-0.05, -0.03] [-0.39, -0.19] [-0.18, -0.11] 

Current Smoker 
0.03 -0.16 0.05 

[0.02, 0.05] [-0.27, -0.04] [0.01, 0.09] 

AMI 
0.04 0.39 0.17 

[-0.01, 0.08] [0.03, 0.76] [0.02, 0.33] 

Asthma 
0.03 0.03 0.07 

[0.01, 0.04] [-0.09, 0.14] [0.03, 0.11] 

Cancer 
0.06 0.92 0.38 

[0.04, 0.09] [0.73, 1.12] [0.29, 0.48] 

Depression 
0.09 0.25 0.29 

[0.08, 0.11] [0.15, 0.35] [0.25, 0.34] 

Diabetes 
0.04 0.001 0.10 

[0.02, 0.06] [-0.14, 0.14] [0.04, 0.15] 
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High Blood Pressure 
0.01 0.36 0.09 

[-0.002, 0.02] [0.26, 0.46] [0.06, 0.13] 

High Cholesterol 
-0.01 -0.07 -0.03 

[-0.02, 0.003] [-0.16, 0.03] [-0.06, 0.00] 

Age (years) 
0.0001 0.02 0.004 

[-0.0004, 0.001] [0.01, 0.02] [0.002, 0.01] 

BMI 
0.002 0.0004 0.01 

[0.001, 0.003] [-0.01, 0.01] [0.003, 0.01] 
Emotional Health Index 
(out of 10) 

-0.003 0.002 -0.01 
[-0.01, -0.002] [-0.01, 0.02] [-0.01, -0.002] 

Health Ladder (0 to 10) -0.01 -0.07 -0.05 
[-0.02, -0.01] [-0.09, -0.04] [-0.05, -0.04] 

Notes:  This regression also controls for Census Region and Employer. The results are for 
a two-part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported (N=34312). The sample 
size is smaller than productivity analyses with self-rated relative productivity outcome 
because all missing sick days were dropped rather than imputed (because otherwise the 
imputed samples would have different Ns for the first and second parts of the model). The 
second part of the model is a GLM (Poisson and log-link) (N=6634). The third column 
presents the results of the combined model. Average Marginal Effects are reported in 
columns. Confidence Intervals were estimated using a first-order Taylor series expansion. 
Clustering by employer and state does not alter the significance levels of the results. 
Statistically Significant at the 5% level, Statistically Significant at the 1% level  
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Table 23. Multiple Linear Regression Estimates of the 
Association between Heath-Related Employer 
Support and Self-Rated Relative Productivity, Not 
Controlling for Pain 

Variable 
(Regression 
Coefficient) 
[95% CI] 

Health-related Employer 
Support (Both is reference) 

Neither 0.37 
[0.31, 0.43] 

No Physical Support 
0.15 

[0.04, 0.27] 

No Emotional Support 
0.20 

[0.12, 0.27] 

Unsatisfied 
-0.003 

[-0.06, 0.05] 

Does not get to use strengths 
-0.17 

[-0.21, -0.12] 
Not trusting and open 
environment 

0.24 
[0.18, 0.29] 

Tenure on the Job (years) 
-0.003 

[-0.005, -0.002] 
Occupation category 
(Professional worker is 
reference) 

Manager, executive, or 
official 

0.02 
[-0.02, 0.07] 

Sales worker 
0.03 

[-0.08, 0.14] 

Clerical or office worker 
0.09 

[0.01, 0.17] 
Manufacturing or production 
worker 

0.30 
[0.23, 0.38] 

Business owner 
-0.01 

[-0.20, 0.17] 

Service worker 
-0.002 

[-0.11, 0.10] 
Construction or mining 
worker 

0.32 
[0.02, 0.62] 

Transportation worker 
0.25 

[-0.02, 0.51] 

Installation or repair worker 
0.19 

[0.02, 0.36] 
Farming, fishing, or forestry 
worker 

0.17 
[-0.07, 0.40] 
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Other 
0.13 

[0.07, 0.19] 

Number of Children under 18 
-0.01 

[-0.02, 0.002] 

Provides informal care 
0.05 

[0.01, 0.09] 

Spouse/Partner 
0.05 

[0.01, 0.08] 
Highest level of completed 
education (Less than high 
school diploma is reference) 

High school degree or 
diploma 

0.07 
[-0.04, 0.19] 

Technical/vocational school 
0.06 

[-0.07, 0.19] 

Some college 
0.02 

[-0.09, 0.14] 

College graduate 
-0.07 

[-0.19, 0.04] 
Post graduate work or 
degree 

-0.04 
[-0.15, 0.08] 

Exercise in past week (0 times 
is reference) 

1 or 2 times 
0.05 

[0.0005, 0.09] 

3 or more times 
0.07 

[0.03, 0.12] 

Current Smoker 
0.10 

[0.04, 0.15] 

AMI 
0.07 

[-0.08, 0.21] 

Asthma 
-0.005 

[-0.05, 0.04] 

Cancer 
0.01 

[-0.09, 0.10] 

Depression 
-0.13 

[-0.18, -0.07] 

Diabetes 
-0.06 

[-0.14, 0.02] 

High Blood Pressure 
-0.01 

[-0.05, 0.02] 

High Cholesterol 
0.01 

[-0.02, 0.04] 

Age (years) 
-0.004 

[-0.01, -0.003] 
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BMI 
-0.002 

[-0.004, 0.0003] 
Emotional Health Index (out of 
10) 

0.004 
[-0.004, 0.01] 

Health Ladder (0 to 10) 
0.03 

[0.02, 0.04] 
Notes:  (N=34,359, 14 employers). This regression also 
controls for Census Region and Employer, Standard Errors 
are clustered by employer and state.  Statistically 
Significant at the 5% level, Statistically Significant at 
the 1% level  
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Table 24. Sensitivity Analyses of the Association between Health-Related 
Employer Support and Sick Days, Not Controlling for Pain 

Original (A) (B) (C) 

Neither 

Risk 
Difference 

0.01      
[-0.01, 0.02] 

0.005      
[-0.01, 0.02] 

0.01      
[-0.02, 0.04] 

-0.002      
[-0.06, 0.05] 

Conditional 
Margin 

-0.03      
[-0.22, 0.17] 

-0.07      
[-0.26, 0.12] 

-0.23      
[-0.62, 0.16] 

0.70      
[-0.72, 2.13] 

Unconditional 
Margin  

0.01      
[-0.04, 0.06] 

-0.003      
[-0.05, 0.05] 

-0.01      
[-0.12, 0.10] 

0.09      
[-0.16, 0.33] 

No 
Physical 
Support 

Risk 
Difference 

-0.001      
[-0.03, 0.03] 

0.001      
[-0.03, 0.04] 

-0.004      
[-0.08, 0.08] 

0.04      
[-0.10, 0.18] 

Conditional 
Margin 

0.32      
[-0.28, 0.93] 

0.56      
[-0.13, 1.24] 

0.17      
[-1.85, 2.19] 

4.83      
[1.51, 8.15] 

Unconditional 
Margin  

0.06      
[-0.09, 0.20] 

0.11      
[-0.05, 0.27] 

0.03      
[-0.47, 0.52] 

0.94      
[-0.13, 2.01] 

No 
Emotional 
Support 

Risk 
Difference 

0.01      
[-0.01, 0.03] 

0.01      
[-0.01, 0.03] 

0.03      
[-0.001, 0.06] 

0.03      
[-0.04, 0.10] 

Conditional 
Margin 

0.08      
[-0.24, 0.39] 

0.07      
[-0.26, 0.39] 

0.14      
[-0.37, 0.65] 

-0.75      
[-2.22, 0.71] 

Unconditional 
Margin  

0.04      
[-0.04, 0.13] 

0.04      
[-0.05, 0.13] 

0.10      
[-0.04, 0.25] 

-0.03      
[-0.35, 0.28] 

Notes: Risk Difference = Percentage Point Change in the Probability of Having Any Sick 
Days; Conditional Margin = Change in Expected Number of Sick Days Conditional on Having 
> Zero; Unconditional Margin = Unconditional Change in Expected Number of Sick Days. 
This regression also controls for Census Region and Employer. The results are for a two-
part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). The third column presents the results of the 
combined model. Average Marginal Effects are reported in columns. Confidence Intervals 
were estimated using a first-order Taylor series expansion. Statistically Significant at 
the 5% level, Statistically Significant at the 1% level  
(A) Controlling for use of "relaxing" drugs and alcohol (N=32574 1st part, N=6335 2nd 
part, 13 employers) 
(B) Employer with Dependents Sample: Employees-Only (N=11358 1st part, N=2056 2nd 
part, 1 Employer) 
(C) Employer with Dependents Sample:  Dependents only (N=1818 1st part, N=251 2nd 
part, 1 Employer) 
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Table 24. Sensitivity Analyses of the Association between Health-Related 
Employer Support and Sick Days, Not Controlling for Pain (cont'd) 

Original (D) 1(E) (F) 

Neither 

Risk 
Difference 

0.01      
[-0.01, 0.02] 

0.01      
[-0.01, 0.02] 

0.01      
[-0.01, 0.02] 

0.14      
[-0.01, 0.28] 

Conditional 
Margin 

-0.03      
[-0.22, 0.17] 

-0.05      
[-0.27, 0.18] 

0.03      
[-0.17, 0.22] 

0.94      
[-0.64, 2.52] 

Unconditional 
Margin  

0.01      
[-0.04, 0.06] 

0.01      
[-0.05, 0.06] 

0.02      
[-0.03, 0.08] 

0.51      
[0.04, 0.99] 

No 
Physical 
Support 

Risk 
Difference 

-0.001      
[-0.03, 0.03] 

-0.001      
[-0.04, 0.04] 

-0.001      
[-0.03, 0.03] 

-0.002      
[-0.49, 0.49] 

Conditional 
Margin 

0.32      
[-0.28, 0.93] 

0.18      
[-0.34, 0.70] 

0.34      
[-0.26, 0.95] 

9.78 
[3.98, 
15.58] 

Unconditional 
Margin  

0.06      
[-0.09, 0.20] 

0.03      
[-0.08, 0.14] 

0.06      
[-0.08, 0.21] 

1.89      
[0.06, 3.72] 

No 
Emotional 
Support 

Risk 
Difference 

0.01      
[-0.01, 0.03] 

0.01      
[0.00, 0.03] 

0.01      
[-0.01, 0.03] 

-0.03      
[-0.20, 0.14] 

Conditional 
Margin 

0.08      
[-0.24, 0.39] 

0.04      
[-0.18, 0.26] 

0.03      
[-0.17, 0.22] 

3.72      
[1.88, 5.56] 

Unconditional 
Margin  

0.04      
[-0.04, 0.13] 

0.04      
[-0.02, 0.09] 

0.06      
[-0.03, 0.14] 

0.64      
[0.08, 1.21] 

Notes: Risk Difference = Percentage Point Change in the Probability of Having Any Sick 
Days; Conditional Margin = Change in Expected Number of Sick Days Conditional on 
Having > Zero; Unconditional Margin = Unconditional Change in Expected Number of Sick 
Days. This regression also controls for Census Region and Employer. The results are for a 
two-part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). The third column presents the results of the 
combined model. Average Marginal Effects are reported in columns. Confidence Intervals 
were estimated using a first-order Taylor series expansion. Statistically Significant at 
the 5% level, Statistically Significant at the 1% level  
(D) Health-Related Employer Support: "Don't know" coded as "No" (N=34312 1st part, 
N=6634 2nd part, 14 Employers)  
(E) Not controlling for "trusting and open environment" (N=34312 1st part, N=6634 2nd 
part, 14 Employers)  
(F)  Health-Related Employer Support: measured by employer-state averages (N=34312 
1st part, N=6634 2nd part, 14 Employers)  
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Table 25. Sensitivity Analyses of the Association between Health-Related 
Employer Support and Self-Rated Relative Productivity, Not Controlling 
for Pain 

 Original (A)  (B)  (C)  

Neither 0.37                          
[0.31, 0.43] 

0.38                            
[0.32, 0.44] 

0.35                          
[0.21, 0.48] 

0.37                                 
[0.04, 0.69] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.15                       
[0.03, 0.27] 

0.33                    
[0.02, 0.65] 

0.05                            
[-0.47, 0.58] 

No Emotional 
Support 

0.20                        
[0.12, 0.27] 

0.21                           
[0.13, 0.29] 

0.21                          
[0.09, 0.34] 

0.13                                 
[-0.25, 0.51] 

Notes:  This multiple linear regression also controls for Census Region and 
Employer, Standard Errors are clustered by employer and state. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(A) Controlling for use of "relaxing" drugs and alcohol (N=32603, 13 employers) 
(B) Employer with Dependents Sample: Employees-Only (N=11368, 1 Employer) 
(C) Employer with Dependents Sample: Dependents Only (N=1826, 1 Employer) 

 

Table 25. Sensitivity Analyses of the Association between Health-Related 
Employer Support and Self-Rated Relative Productivity, Not Controlling 
for Pain (cont'd) 

 Original (D) 1(E) (F) 

Neither 0.37                          
[0.31, 0.43] 

0.37                           
[0.31, 0.43] 

0.43                           
[0.37, 0.48] 

1.15                       
[0.42, 1.88] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.16                      
[-0.005, 0.33] 

0.17                      
[0.05, 0.29] 

1.12                       
[-0.73, 2.97] 

No Emotional 
Support 

0.20                        
[0.12, 0.27] 

0.20                          
[0.13, 0.28] 

0.24                          
[0.16, 0.31] 

-0.55                    
[-1.34, 0.24] 

Notes:  This multiple linear regression also controls for Census Region and 
Employer, Standard Errors are clustered by employer and state. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(D) Health-Related Employer Support: "Don't know" coded as "No" (N=34359, 14 
Employers) 
(E) Not controlling for "trusting and open environment" (N=34359, 14 Employers) 
(F) Health-Related Employer Support: measured by employer-state averages 
(N=34359, 14 Employers) 
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Table 25.1 Sensitivity Analyses of the Association 
between Health-Related Employer Support and Self-
Rated Relative Productivity, Not Controlling for Pain 
(cont'd) 

Original 

Health-Related 
Employer Support: 

"don't know" 
coded as "don't 

know"  

Neither 0.37      
[0.31, 0.43] 

0.37      
[0.30, 0.43] 

No Physical Support 0.15      
[0.04, 0.27] 

0.11      
[-0.05, 0.27] 

No Emotional 
Support 

0.20      
[0.12, 0.27] 

0.17      
[0.09, 0.25] 

Physical, Don't Know 
Emotional NA 0.03      

[-0.01, 0.07] 
No Physical, Don’t 
Know Emotional NA 0.14      

[-0.01, 0.28] 

Don't Know Physical, 
Emotional NA -0.02      

[-0.11, 0.07] 
Don't Know Physical, 
No Emotional NA 0.25      

[0.17, 0.33] 
Notes:  This regression also controls for Census Region and 
Employer, Standard Errors are clustered by employer and 
state. Statistically Significant at the 5% level, 
Statistically Significant at the 1% level   (N=34359, 14 
employers) 
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Table 26. Results of the Two-Part Model of the Association between Heath-
related Employer Support and Future Medical Expenditures, Not Controlling for 
Pain (N=1584, N=1469 in 2nd part) 

Variable 

Percentage Point 
Difference in the 

Probability of 
Having Any 
Expenditure                        

[95% CI] 

Change in 
Expected 

Expenditures 
Conditional on 
Having > Zero                       

[95% CI] 

Unconditional 
Change in 
Expected 

Expenditures                       
[95% CI] 

Health-related 
Employer Support 
(Both is reference) 

      

Neither 0.001 -$1,328 -$1,227 
[-0.06, 0.06] [-$5,720, $3,064] [-$5,304, $2,850] 

No Physical Support  -0.06 -$2,872 -$2,850 
[-0.18, 0.05] [-$8,230, $2,487] [-$7,678, $1,978] 

No Emotional 
Support 

0.03 -$2,910 -$2,613 
[-0.01, 0.07] [-$5,989, $169] [-$5,503, $277] 

Does not learn new 
things 

-0.01 -$177 -$186 
[-0.04, 0.03] [-$3,386, $3,033] [-$3,163, $2,791] 

Does not have fun 0.01 -$758 -$681 
[-0.03, 0.04] [-$3,720, $2,205] [-$3,436, $2,074] 

Does not have 
enough resources 

-0.01 -$1,402 -$1,332 
[-0.06, 0.04] [-$4,767, $1,964] [-$4,449, $1,785] 

Job Insecurity 0.02 -$699 -$571 
[-0.02, 0.06] [-$4,468, $3,070] [-$4,103, $2,961] 

Unsatisfied 0.03 -$1,268 -$1,072 
[-0.02, 0.08] [-$5,652, $3,115] [-$5,193, $3,048] 

Does not get to use 
strengths 

-0.03 $3,711 $3,268 
[-0.08, 0.01] [-$722, $8,143] [-$798, $7,334] 

Not trusting and 
open environment 

-0.02 -$699 $1,092 
[-0.06, 0.02] [-$4,468, $3,070] [-$1,920, $4,104] 

Typical Hours 
Worked  

-0.0003 $14 $12 
[-0.002, 0.001] [-$108, $136] [-$102, $125] 

Charlson Index Score 
≥1 

0.08 $13,459 $13,454 
[0.06, 0.10] [$8,751, $18,166] [$8,848, $18,061] 

Asthma 0.005 -$3,913 -$3,615 
[-0.04, 0.05] [-$6,292, -$1,534] [-$5,826, -$1,404] 

Depression 0.05 $6,323 $6,203 
[0.02, 0.08] [$1,749, $10,896] [$1,855, $10,551] 

High Blood Pressure 0.04 -$363 -$174 
[0.01, 0.07] [-$3,005, $2,278] [-$2,657, $2,309] 

High Cholesterol 
0.04 $5 $176 

[0.01, 0.07] [-$2,673, $2,682] [-$2,340, $2,693] 

Smoking Status 
-0.03 -$1,597 -$1,598 

[-0.08, 0.01] [-$4,598, $1,404] [-$4,355, $1,159] 

Male 
-0.09 -$3,075 -$3,231 

[-0.12, -0.06] [-$5,244, -$907] [-$5,246, -$1,217] 
Age (years) 0.001 $144 $137 
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[-0.0004, 0.002] [$25, $263] [$26, $248] 

BMI   
0.002 $79 $81 

[-0.001, 0.004] [-$110, $268] [-$95, $256] 
Emotional Health 
Index (0-10) 

0.001 -$351 -$321 
[-0.01, 0.01] [-$935, $232] [-$863, $221] 

Health Ladder (0-10) 
-0.002 -$6 -$14 

[-0.01, 0.01] [-$782, $770] [-$735, $706] 
Health Insurance 
Type (PPO is 
reference) 

      

HMO - gatekeeper -0.02 -$524 -$560 
[-0.07, 0.03] [-$3,324, $2,277] [-$3,151, $2,031] 

HMO - POS or Open 
Access 

-0.01 $1,035 $920 
[-0.06, 0.04] [-$2,527, $4,598] [-$2,391, $4,230] 

Indemnity/HAS 
-0.04 $7,589 $6,788 

[-0.13, 0.05] [-$3,498, $18,676] [-$3,366, $16,943] 
Monthly Income (Up 
to $2,999 is 
reference)  

      

$3,000 to $3,999 
-0.03 $527 $368 

[-0.08, 0.02] [-$3,516, $4,571] [-$3,382, $4,117] 

$4,000 to $4,999 
-0.04 -$1,191 -$1,236 

[-0.08, 0.01] [-$4,962, $2,579] [-$4,743, $2,270] 

$5,000 to $7,499 
-0.03 $1,960 $1,703 

[-0.07, 0.01] [-$2,128, $6,048] [-$2,108, $5,514] 

$7,500 to $9,999 -0.01 -$1,860 -$1,785 
[-0.07, 0.03] [-$5,707, $1,988] [-$5,380, $1,810] 

$10,000 and over -0.02 $659 $528 
[-0.06, 0.04] [-$3,574, $4,893] [-$3,429, $4,485] 

Spouse/Partner 0.01 $1,373 $1,301 
[-0.03, 0.04] [-$1,431, $4,176] [-$1,304, $3,907] 

Number of Children 
under 18 

0.01 -$765 -$681 
[-0.01, 0.02] [-$1,927, $397] [-$1,759, $398] 

Note: This regression also controlled for the number of hospital beds per 1,000 pop; 
Active Medical Specialty Physicians (excluding GIM, Pediatrics & Psychiatry) per 10,000 
pop; Active Family, General, General Internal Medicine, and Pediatric physicians per 
10,000 pop; Active Psychiatry Specialty Physicians per 10,000 pop; and Census Region. 
The results are for a two-part model of future medical expenditures. The first part of the 
model uses a logit regression with the dependent variable equal to one if there were any 
expenditures. The second part of the model is a GLM (Gamma and log-link). The third 
column presents the results of the combined model. Average Marginal Effects are reported 
in columns. Confidence Intervals were estimated using a first-order Taylor series 
expansion.  Statistically Significant at the 5% level, Statistically Significant at the 
1% level  
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Table 27. Sensitivity Analyses of the Two-Part Model Estimates of the 
Association between Health-Related Employer Support and Future Medical 
Expenditures, Not Controlling for Pain 

    Original  (A)  (B)  

Neither 

Risk 
Difference 

0.001                       
[-0.06, 0.06] 

0.001                            
[-0.06, 0.06]  

0.001                           
[-0.06, 0.06]    

Conditional 
Margin 

-$1,328                     
[-$5,720, $3,064] 

-$4,077                  
[-$11,218, $3,064] 

-$1,328                    
[-$5,720, $3,064] 

Unconditional 
Margin  

$1,227                      
[-$5,304, $2,850] 

-$3,797                  
[-$10,454, $2,859] 

-$1,227                          
[-$5,304, $2,850] 

No 
Physical 
Support  

Risk 
Difference 

-0.06                       
[-0.18, 0.05] 

-0.06                            
[-0.17, 0.05] 

-0.06                           
[-0.18, 0.05]    

Conditional 
Margin 

-$2,872                     
[-$8,230, $2,487] 

-$5,614                           
[-$15,240, $4,012] 

-$2,872                      
[-$8,230, $2,487] 

Unconditional 
Margin  

-$2850                      
[-$7,678, $1,978] 

-$4,879                  
[-$13,791, $4,034] 

-$2,850                     
[-$7,678, $1,978] 

No 
Emotional 
Support 

Risk 
Difference 

0.03                         
[-0.01, 0.07] 

0.01                               
[-0.04, 0.06] 

0.03                           
[-0.01, 0.07]    

Conditional 
Margin 

-$2910                         
[-$5,989, $169] 

-$6,420                  
[-$12,773, -$67] 

-$2,910                           
[-$5,989, $169] 

Unconditional 
Margin  

-$2613                        
[-$5,503, $277] 

-$5,960                           
[-$11,889, -$30] 

-$2,613                       
[-$5,503, $277] 

Note: Risk Difference = Percentage Point Change in the Probability of Having Any 
Expenditure; Conditional Margin = Change in Expected Expenditures Conditional on 
Having > Zero; Unconditional Margin = Unconditional Change in Expected Expenditures. 
The results are for a two-part model of future medical expenditures. The first part of the 
model uses a logit regression with the dependent variable equal to one if there were any 
expenditures. The second part of the model is a GLM (Gamma and log-link). Confidence 
Intervals were estimated using a first-order Taylor series expansion. Statistically 
Significant at the 1% level.  Statistically Significant at the 5% level.  
(A) Controlling for previous medical expenditures (N=1371 1st part, N=1289 2nd part, 1 
employer) 
(B) Not controlling for "open and trusting environment" (N=1584 1st part, N=1469 2nd 
part, 1 employer) 
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Table 27. Sensitivity Analyses of the Two-Part Model 
Estimates of the Association between Health-Related 
Employer Support and Future Medical Expenditures, 
Not Controlling for Pain (cont'd) 

(C) 

Neither 

Risk Difference 
0.001      

[-0.05, 0.05] 
Conditional 
Margin 

$115      
[-$864, $1,095] 

Unconditional 
Margin  

$78      
[-$573, $729] 

No Physical 
Support 

Risk Difference 
-0.03      

[-0.15, 0.09] 
Conditional 
Margin 

$99      
[-$1,813, $2,012] 

Unconditional 
Margin  

-$34      
[-$1,265, $1,198] 

No Emotional 
Support 

Risk Difference 
-0.0002     

[-0.06, 0.06] 
Conditional 
Margin 

$60      
[-$1,132, $1,251] 

Unconditional 
Margin  

$38      
[-$738, $815] 

Note: Risk Difference = Percentage Point Change in the 
Probability of Having Any Expenditure; Conditional Margin = 
Change in Expected Expenditures Conditional on Having > 
Zero; Unconditional Margin = Unconditional Change in 
Expected Expenditures. The results are for a two-part 
model of future medical expenditures. The first part of the 
model uses a logit regression with the dependent variable 
equal to one if there were any expenditures. The second 
part of the model is a GLM (Gamma and log-link). 
Confidence Intervals were estimated using a first-order 
Taylor series expansion. Statistically Significant at the 
1% level.  Statistically Significant at the 5% level. 
(C) Expanded Sample with less strict eligibility 
requirements (N=9767 1st part, N=6176 2nd part, 2 
employers) 
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Table 28 Results of the Logit Model of the Association 
between Heath-related Employer Support and Pain 

Variable 

Percentage Point Change 
in the Probability of 

Having Pain 
[95% CI] 

Health-related Employer Support (Both is reference)  

Neither 0.03 
[0.01, 0.05] 

No Physical Support  0.03 
[-0.02, 0.09] 

No Emotional Support 0.03 
[0.01, 0.05] 

Unsatisfied 0.04 
[0.02, 0.06] 

Does not get to use strengths 0.02 
[0.01, 0.03] 

Not trusting and open environment 0.03 
[0.01, 0.04] 

Occupation category (Professional worker is reference) 

Manager, executive, or official 0.01 
[-0.01, 0.02] 

Sales worker 0.02 
[-0.02, 0.05] 

Clerical or office worker 0.01 
[-0.01, 0.03] 

Manufacturing or production 
worker 

-0.01 
[-0.03, 0.02] 

Business owner -0.02 
[-0.08, 0.03] 

Service worker -0.01 
[-0.04, 0.02] 

Construction or mining worker -0.02 
[-0.11, 0.07] 

Transportation worker 0.02 
[-0.06, 0.10] 

Installation or repair worker 0.02 
[-0.04, 0.08] 

Farming, fishing, or forestry 
worker 

-0.02 
[-0.12, 0.08] 

Other -0.02 
[-0.04, 0.004] 

Number of Children under 18 -0.005 
[-0.01, -0.0002] 

Provides informal care 0.02 
[0.005, 0.03] 

Social Help -0.05 
[-0.07, -0.02] 

Spouse/Partner 0.004 
[-0.01, 0.02] 
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Highest level of completed education (Less than high school 
diploma is reference) 

High school degree or diploma -0.001 
[-0.03, 0.03] 

Technical/vocational school 0.03 
[0.002, 0.07] 

Some college 0.02 
[-0.01, 0.04] 

College graduate 0.01 
[-0.02, 0.03] 

Post graduate work or degree -0.0002 
[-0.03, 0.03] 

Exercise in past week (0 times is reference)  

1 or 2 times -0.03 
[-0.04, -0.01] 

3 or more times -0.05 
[-0.07, -0.04] 

Current Smoker 0.04 
[0.02, 0.05] 

AMI  0.06 
[0.00, 0.12] 

Asthma 0.07 
[0.06, 0.09] 

Cancer 0.04 
[0.02, 0.07] 

Depression  0.1 
[0.08, 0.12] 

Diabetes 0.01 
[-0.02, 0.03] 

High Blood Pressure  0.03 
[0.01, 0.04] 

High Cholesterol 0.03 
[0.02, 0.05] 

Age (years) 0.01 
[0.005, 0.01] 

BMI  0.005 
[0.004, 0.01] 

Emotional Health Index (out of 10) -0.01 
[-0.01, 0.00] 

Health Ladder (0 to 10) -0.03 
[-0.03, -0.02] 

Male -0.001 
[-0.01, 0.01] 

Notes:  This regression also controls for Census Region and 
Employer. Average Marginal Effects are reported. Clustering by 
employer and state does not alter the statistical significance of 
the results. Statistically Significant at the 5% level, 
Statistically Significant at the 1% level  
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Table 29. Sensitivity Analyses of the Logit Model Estimates of the Association 
between Health-Related Employer Support and Pain 
  Original  (A) (B) (C) 

Neither 0.03                
[0.01, 0.05] 

0.03                      
[0.01, 0.05] 

0.01                      
[-0.02, 0.05] 

0.01                    
[-0.03, 0.05] 

No Physical Support  0.03                   
[-0.02, 0.09] 

0.03                     
[-0.02, 0.09] 

0.004                      
[-0.10, 0.11] 

-0.02                    
[-0.15, 0.10] 

No Emotional Support 0.03                        
[0.01, 0.05] 

0.03                      
[0.01, 0.05] 

0.02                      
[-0.003, 0.05] 

0.03                   
[-0.01, 0.06] 

Notes:  This regression also controls for Census Region and Employer. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(A) Controlling for use of "relaxing" drugs and alcohol   (N=32603, 13 Employers) 
(B) Controlling for Race/Ethnicity  (N=17975, 10 Employers) 
(C) Employer with Dependents Sample: Employees-Only (N=11368, 1 Employer) 

 

Table 29. Sensitivity Analyses of the Logit Model Estimates of the Association 
between Health-Related Employer Support and Pain (cont’d) 
  (D) 1(E) (F) (G) 

Neither 0.003                  
[-0.08, 0.09] 

0.03                      
[0.01, 0.05] 

0.04                          
[0.01, 0.06] 

0.03                          
[0.01, 0.05] 

No Physical Support  0.11                     
[-0.07, 0.30] 

0.04                    
[-0.01, 0.10] 

0.04                        
[-0.02, 0.09] 

0.03                        
[-0.02, 0.09] 

No Emotional Support 0.03                      
[-0.08, 0.13] 

0.03                      
[0.01, 0.05] 

0.03                        
[0.02, 0.05] 

0.03                        
[0.01, 0.05] 

Notes:  This regression also controls for Census Region and Employer. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(D) Employer with Dependents Sample: Dependents Only (N=1826, 1 Employer) 
(E) Health-Related Employer Support: "Don't know" coded as "No" (N=34359, 14 
Employers) 
(F) Not controlling for "open and trusting environment"  (N=34359, 14 Employers) 
(G) Not controlling for occupation (N=34359, 14 Employers) 
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Table 29. Sensitivity Analyses of the Logit Model Estimates of the Association 
between Health-Related Employer Support and Pain (cont’d) 
  Original  (H) (I) (J) 

Neither 0.03                
[0.01, 0.05] 

0.03                       
[0.01, 0.04] 

0.04                                   
[0.01, 0.06] 

0.004                                
[-0.01, 0.02] 

No Physical Support  0.03                   
[-0.02, 0.09] 

0.02                      
[-0.02, 0.05] 

0.02                                   
[-0.03, 0.07] 

0.01                                   
[-0.03, 0.05] 

No Emotional Support 0.03                        
[0.01, 0.05] 

0.02                       
[0.01, 0.03] 

0.03                                   
[0.01, 0.04] 

0.01                                    
[-0.01, 0.02] 

Notes:  This regression also controls for Census Region and Employer. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(H) With dependent variable =1 if recurring pain last 12 months AND pain yesterday 
(N=34052, 14 Employers) 
(I) With dependent variable = 1 if neck/back  pain (N=34052, 14 Employers) 
(J) With dependent variable = 1 if knee/leg pain (N=34131, 14 Employers) 

 

Table 29. Sensitivity Analyses of the Logit Model Estimates of the 
Association between Health-Related Employer Support and Pain 
(cont’d) 
  (K) (L) (M) 

Neither 0.02                                   
[0.002, 0.03] 

0.17                
[-0.01, 0.34] 

0.02                     
[-0.01, 0.05] 

No Physical Support  0.02                                   
[-0.01, 0.05] 

0.06                   
[-0.45, 0.57] 

0.03                     
[-0.03, 0.09] 

No Emotional Support 0.01                                   
[-0.001, 0.03] 

0.30                       
[0.13, 0.48] 

0.02                     
[-0.004, 0.05] 

Notes:  This regression also controls for Census Region and Employer. 
Statistically Significant at the 5% level, Statistically Significant at 
the 1% level  
(K) With dependent variable = 1 if other pain (N=33925, 14 Employers 
(L) Health-Related Employer Support: measured by employer-state 
averages (N=34359, 14 Employers) 
(M) Using employees with two surveys with Pain in Time 2 as the 
outcome (N=18140, 5 Employers)  
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Table 29.1 Sensitivity Analyses of the Logit 
Model Estimates of the Association between 
Health-Related Employer Support and Pain 
  

Original  

Health-Related 
Employer Support: 
"don't know" 
coded as "don't 
know"  

Neither 0.03                
[0.01, 0.05] 

0.03                      
[0.01, 0.06] 

No Physical 
Support  

0.03                   
[-0.02, 0.09] 

0.05                     
[-0.001, 0.10] 

No Emotional 
Support 

0.03                        
[0.01, 0.05] 

0.04                      
[0.02, 0.06] 

Physical, Don't 
Know 
Emotional 

NA 0.03                      
[0.02, 0.05] 

No Physical, 
Don’t Know 
Emotional 

NA 0.05                     
[-0.01, 0.10] 

Don't Know 
Physical, 
Emotional 

NA 0.02                                
[-0.02, 0.05] 

Don't Know 
Physical, No 
Emotional 

NA 0.05                     
[0.02, 0.08] 

Notes:  This regression also controls for Census 
Region and Employer. Statistically Significant at 
the 5% level, Statistically Significant at the 1% 
level   (N=34359, 14 Employers) 
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Table 30 Results of the Two-part Model of the Association between Heath-
related Employer Support and Sick Days, Controlling for Pain (N=34312 1st, 
N=6634 2nd, 14 employers) 

Variable 

Percentage Point 
Difference in 
Probability of 

Having Any Sick 
Days)    [95% CI] 

Change in 
Expected Number 

of Sick Days 
Conditional on 
Having > Zero 

[95% CI] 

Unconditional 
Change in 
Expected 

Number of Sick 
Days                        

[95% CI] 

Pain 0.05 0.38 0.20 
[0.05, 0.06] [0.30, 0.47] [0.18, 0.23] 

Health-related Employer Support (Both is reference)  

Neither 0.01 -0.04 0.003 
[-0.01, 0.02] [-0.24, 0.15] [-0.05, 0.06] 

No Physical Support  -0.003 0.32 0.05 
[-0.04, 0.03] [-0.28, 0.93] [-0.09, 0.20] 

No Emotional Support 0.01 0.07 0.04 
[-0.01, 0.03] [-0.24, 0.37] [-0.05, 0.12] 

Unsatisfied 0.01 0.01 0.03 
[-0.003, 0.02] [-0.16, 0.18] [-0.02, 0.07] 

Does not get to use 
strengths 

0.01 -0.02 0.03 
[0.004, 0.03] [-0.15, 0.11] [-0.003, 0.07] 

Not trusting and open 
environment 

0.003 0.23 0.05 
[-0.01, 0.01] [0.11, 0.36] [0.01, 0.09] 

Tenure on the Job 
(years) 

-0.001 -0.01 -0.004 
[-0.001, -0.0004] [-0.01, 0.00] [-0.01, -0.002] 

Occupation category (Professional worker is reference) 
Manager, executive, 
or official 

-0.03 -0.04 -0.09 
[-0.05, -0.02] [-0.18, 0.09] [-0.12, -0.05] 

Sales worker -0.002 -0.01 -0.01 
[-0.03, 0.03] [-0.41, 0.38] [-0.11, 0.10] 

Clerical or office 
worker 

0.02 -0.03 0.04 
[0.01, 0.03] [-0.14, 0.08] [0.005, 0.08] 

Manufacturing or 
production worker 

-0.03 0.65 0.05 
[-0.05, -0.01] [0.40, 0.91] [-0.02, 0.12] 

Business owner 0.05 0.45 0.23 
[0.0002, 0.10] [-0.16, 1.05] [0.02, 0.44] 

Service worker 0.02 0.34 0.11 
[-0.01, 0.04] [0.07, 0.62] [0.02, 0.21] 

Construction or 
mining worker 

0.03 1.23 0.33 
[-0.05, 0.10] [-0.28, 2.74] [-0.07, 0.72] 

Transportation 
worker 

-0.01 0.64 0.09 
[-0.07, 0.05] [-0.55, 1.83] [-0.19, 0.36] 

Installation or repair 
worker 

0.05 0.85 0.31 
[-0.004, 0.10] [0.38, 1.32] [0.12, 0.50] 

Farming, fishing, or 
forestry worker 

0.05 0.08 0.12 
[-0.04, 0.13] [-0.61, 0.77] [-0.13, 0.38] 

Other 0.01 0.15 0.04 
[-0.01, 0.02] [-0.01, 0.31] [-0.01, 0.10] 

Number of Children 
under 18 

0.003 -0.03 0.002 
[-0.001, 0.01] [-0.06, 0.01] [-0.01, 0.01] 
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Provides informal 
care 

0.01 0.06 0.05 
[0.003, 0.03] [-0.04, 0.15] [0.01, 0.08] 

Spouse/Partner -0.02 0.05 -0.03 
[-0.03, -0.01] [-0.04, 0.14] [-0.06, -0.003] 

Highest level of completed education (Less than high school diploma is reference)  
High school degree or 
diploma 

0.03 0.28 0.14 
[0.01, 0.06] [0.05, 0.50] [0.07, 0.21] 

Technical/vocational 
school 

0.005 0.17 0.04 
[-0.02, 0.03] [-0.09, 0.42] [-0.04, 0.12] 

Some college 0.03 0.24 0.12 
[0.01, 0.05] [0.03, 0.45] [0.06, 0.19] 

College graduate 0.01 0.06 0.03 
[-0.01, 0.03] [-0.14, 0.27] [-0.03, 0.09] 

Post graduate work 
or degree 

-0.02 -0.16 -0.06 
[-0.04, 0.01] [-0.37, 0.06] [-0.13, -0.002] 

Exercise in past week (0 times is reference)  

1 or 2 times -0.01 -0.31 -0.09 
[-0.02, 0.0004] [-0.42, -0.21] [-0.13, -0.06] 

3 or more times -0.03 -0.27 -0.14 
[-0.04, -0.02] [-0.37, -0.17] [-0.17, -0.10] 

Current Smoker 0.03 -0.16 0.04 
[0.02, 0.05] [-0.28, -0.04] [0.0001, 0.09] 

AMI  0.03 0.38 0.16 
[-0.02, 0.08] [0.02, 0.74] [0.01, 0.32] 

Asthma 0.02 0.01 0.05 
[0.01, 0.04] [-0.11, 0.12] [0.01, 0.10] 

Cancer 0.06 0.88 0.36 
[0.04, 0.08] [0.69, 1.07] [0.27, 0.45] 

Depression  0.09 0.23 0.27 
[0.07, 0.10] [0.13, 0.33] [0.22, 0.31] 

Diabetes 0.04 0.00 0.09 
[0.02, 0.06] [-0.15, 0.14] [0.04, 0.15] 

High Blood Pressure  0.01 0.34 0.08 
[-0.004, 0.02] [0.24, 0.44] [0.05, 0.12] 

High Cholesterol -0.01 -0.07 -0.04 
[-0.02, 0.001] [-0.17, 0.02] [-0.07, -0.01] 

Age (years) -0.0002 0.02 0.003 
[-0.001, 0.0003] [0.01, 0.02] [0.001, 0.004] 

BMI  0.002 -0.001 0.004 
[0.001, 0.002] [-0.01, 0.005] [0.002, 0.01] 

Emotional Health 
Index (out of 10) 

-0.003 0.004 -0.01 
[-0.005, -0.001] [-0.01, 0.02] [-0.01, -0.001] 

Health Ladder (0-10) -0.01 -0.06 -0.04 
[-0.15, -0.009] [-0.08, -0.03] [-0.05, -0.03] 

Notes:  This regression also controls for Census Region and Employer. The results are for 
a two-part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). The third column presents the results of the 
combined model. Average Marginal Effects are reported in columns. Confidence Intervals 
were estimated using a first-order Taylor series expansion. Statistically Significant at 
the 5% level, Statistically Significant at the 1% level  
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Table 31 Results of the Multiple Linear Regression Analysis of the 
Association between Heath-related Employer Support and Self-rated 
Relative Productivity, Controlling for Pain (N=34,359, 14 employers) 

Variable Regression Coefficient 

[95% CI] 

Pain 0.03 
[-0.02, 0.07] 

Health-related Employer Support (Both is reference) 

Neither 0.37 
[0.31, 0.43] 

No Physical Support  0.15 
[0.04, 0.27] 

No Emotional Support 0.19 
[0.11, 0.27] 

Unsatisfied -0.004 
[-0.06, 0.05] 

Does not get to use strengths -0.17 
[-0.21, -0.12] 

Not trusting and open environment 0.24 
[0.18, 0.29] 

Tenure on the Job (years) -0.003 
[-0.005, -0.002] 

Occupation category (Professional worker is reference)  

Manager, executive, or official 0.02 
[-0.02, 0.07] 

Sales worker 0.03 
[-0.08, 0.14] 

Clerical or office worker 0.09 
[0.01, 0.17] 

Manufacturing or production 
worker 

0.31 
[0.23, 0.38] 

Business owner -0.01 
[-0.20, 0.17] 

Service worker -0.002 
[-0.11, 0.10] 

Construction or mining worker 0.32 
[0.02, 0.62] 

Transportation worker 0.25 
[-0.02, 0.51] 

Installation or repair worker 0.19 
[0.02, 0.36] 

Farming, fishing, or forestry 
worker 

0.17 
[-0.07, 0.40] 

Other 0.13 
[0.07, 0.19] 

Number of Children under 18 -0.01 
[-0.02, 0.002] 

Provides informal care 0.05 
[0.01, 0.09] 

Spouse/Partner 0.05 
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[0.01, 0.08] 
Highest level of completed education (Less than high school diploma is 
reference)  

High school degree or diploma 0.07 
[-0.04, 0.19] 

Technical/vocational school 0.06 
[-0.07, 0.19] 

Some college 0.02 
[-0.09, 0.14] 

College graduate -0.07 
[-0.19, 0.04] 

Post graduate work or degree -0.04 
[-0.15, 0.08] 

Exercise in past week (0 times is reference)  

1 or 2 times 0.05 
[0.001, 0.09] 

3 or more times 0.08 
[0.03, 0.12] 

Current Smoker 0.10 
[0.04, 0.15] 

AMI  0.07 
[-0.08, 0.21] 

Asthma -0.01 
[-0.05, 0.04] 

Cancer 0.01 
[-0.09, 0.10] 

Depression  -0.13 
[-0.19, -0.07] 

Diabetes -0.06 
[-0.14, 0.02] 

High Blood Pressure  -0.01 
[-0.05, 0.02] 

High Cholesterol 0.01 
[-0.02, 0.04] 

Age (years) -0.004 
[-0.01, -0.003] 

BMI  
-0.002 

[-0.004, 0.0003] 

Emotional Health Index (out of 10) 0.004 
[-0.004, 0.01] 

Health Ladder (0 to 10) 0.03 
[0.02, 0.05] 

Notes:  This regression also controls for Census Region and Employer, 
Standard Errors are clustered by employer and state. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
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Table 32. Sensitivity Analyses of the Two-Part Model Estimates of the Association 
between Health-related Employer Support and Sick Days, Controlling for Pain 
 

 Original (A) (B)  (C)  

Pain in 
the last 
12 
months 

Risk 
Difference 

0.05        
[0.05, 0.06] 

0.05                 
[0.04, 0.06] 

0.05                 
[0.03, 0.06] 

0.05                   
[0.01, 0.08] 

Conditional 
Margin 

0.38           
[0.30, 0.47] 

0.34                
[0.26, 0.42] 

0.44                
[0.28, 0.60] 

0.37                                            
[-0.19, 0.94] 

Unconditional 
Margin  

0.20             
[0.18, 0.23] 

0.18                
[0.15, 0.21] 

0.21                
[0.16, 0.26] 

0.19                                           
[0.06, 0.31] 

Neither 

Risk 
Difference 

-0.003                                 
[-0.04, 0.03] 

0.003                                           
[-0.01, 0.02] 

0.01                                            
[-0.02, 0.04] 

-0.002                                            
[-0.06, 0.05] 

Conditional 
Margin 

0.32                                  
[-0.28, 0.93] 

-0.08                                                        
[-0.27, 0.11] 

-0.23                                            
[-0.62, 0.16] 

0.74                                            
[-0.69, 2.17] 

Unconditional 
Margin  

0.05                                  
[-0.09, 0.20] 

-0.01                                                
[-0.06, 0.04] 

-0.01                                            
[-0.12, 0.09] 

0.09                                            
[-0.16, 0.34] 

No 
Physical 
Support  

Risk 
Difference 

0.01                                  
[-0.01, 0.03] 

-0.001                                            
[-0.04, 0.03] 

-0.004                                            
[-0.08, 0.08] 

0.04                                            
[-0.10, 0.17] 

Conditional 
Margin 

0.07                       
[-0.34, 0.27] 

0.55                                                
[-0.13, 1.24] 

0.15                                           
[-1.84, 2.14] 

4.52                                                
[1.25, 7.79] 

Unconditional 
Margin  

0.04                                      
[-0.05, 0.12] 

0.10                                                
[-0.05, 0.26] 

0.02                                            
[-0.46, 0.51] 

0.84                                            
[-0.15, 1.84] 

No 
Emotional 
Support 

Risk 
Difference 

0.01                                  
[-0.01, 0.02] 

0.01                                                     
[-0.01, 0.03] 

0.03                                            
[-0.002, 0.05] 

0.03                                            
[-0.04, 0.10] 

Conditional 
Margin 

-0.04                                  
[-0.24, 0.15] 

0.06                                                                        
[-0.26, 0.37] 

0.14                                            
[-0.36, 0.65] 

-0.77                                          
[-2.22, 0.68] 

Unconditional 
Margin  

0.003                                   
[-0.05, 0.06] 

0.03                                                                        
[-0.05, 0.12] 

0.10                                            
[-0.04, 0.24] 

-0.04                                           
[-0.35, 0.26] 

Notes: Risk Difference = Percentage Point Change in the Probability of Having Any Sick 
Days; Conditional Margin = Change in Expected Number of Sick Days Conditional on Having 
> Zero; Unconditional Margin = Unconditional Change in Expected Number of Sick Days. 
This regression also controls for Census Region and Employer. The results are for a two-
part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). The third column presents the results of the 
combined model. Confidence Intervals were estimated using a first-order Taylor series 
expansion. Statistically Significant at the 5% level, Statistically Significant at the 
1% level  
(A) Controlling for use of "relaxing" drugs and alcohol (N=32574 1st part, N=6335 2nd 
part, 13 employers) 
(B) Employer with Dependents Sample: Employees-Only (N=11358 1st part, N=2056 2nd 
part, 1 Employer) 
(C) Employer with Dependents Sample:  Dependents only (N=1818 1st part, N=251 2nd 
part, 1 Employer) 
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Table 32. Sensitivity Analyses of the Two-Part Model Estimates of the Association 
between Health-related Employer Support and Sick Days, Controlling for Pain 
(cont’d) 
 

 Original (D) (E)  (F) 

Pain in 
the last 
12 
months 

Risk 
Difference 

0.05        
[0.05, 0.06] 

0.05                 
[0.05, 0.06] 

0.05                 
[0.03, 0.06] 

0.05                 
[0.05, 0.06] 

Conditional 
Margin 

0.38           
[0.30, 0.47] 

0.38                
[0.30, 0.47] 

0.39                
[0.31, 0.47] 

0.38                
[0.30, 0.46] 

Unconditional 
Margin  

0.20             
[0.18, 0.23] 

0.20                
[0.18, 0.23] 

0.21                
[0.18, 0.23] 

0.20                
[0.18, 0.23] 

Neither 

Risk 
Difference 

-0.003                                 
[-0.04, 0.03] 

0.005                     
[-0.01, 0.02] 

0.01                           
[-0.01, 0.02] 

0.13                           
[-0.02, 0.27] 

Conditional 
Margin 

0.32                                  
[-0.28, 0.93] 

-0.06                     
[-0.28, 0.16] 

0.01                            
[-0.19, 0.21] 

0.86                           
[-0.73, 2.44] 

Unconditional 
Margin  

0.05                                  
[-0.09, 0.20] 

-0.0005                     
[-0.05, 0.05] 

0.02                           
[-0.04, 0.07] 

0.47                           
[-0.01, 0.95] 

No 
Physical 
Support  

Risk 
Difference 

0.01                                  
[-0.01, 0.03] 

-0.004                     
[-0.04, 0.03] 

-0.003                           
[-0.04, 0.03] 

0.00001                           
[-0.48, 0.48] 

Conditional 
Margin 

0.07                       
[-0.34, 0.27] 

0.17                           
[-0.35, 0.70] 

0.34                           
[-0.26, 0.95] 

10.15                               
[4.39, 
15.92] 

Unconditional 
Margin  

0.04                                      
[-0.05, 0.12] 

0.02                           
[-0.09, 0.13] 

0.06                           
[-0.08, 0.20] 

1.96                                
[0.17, 3.76] 

No 
Emotional 
Support 

Risk 
Difference 

0.01                                  
[-0.01, 0.02] 

0.01                          
[-0.004, 0.02] 

0.01                           
[-0.01, 0.03] 

-0.05                                     
[-0.22, 0.12] 

Conditional 
Margin 

-0.04                                  
[-0.24, 0.15] 

0.04                                 
[-0.18, 0.26] 

0.11                           
[-0.19, 0.42] 

3.69                             
[1.79, 5.58] 

Unconditional 
Margin  

0.003                                   
[-0.05, 0.06] 

0.03                                 
[-0.02, 0.09] 

0.05                           
[-0.04, 0.13] 

0.60                   
[0.04, 1.17] 

Notes: Risk Difference = Percentage Point Change in the Probability of Having Any Sick 
Days; Conditional Margin = Change in Expected Number of Sick Days Conditional on Having 
> Zero; Unconditional Margin = Unconditional Change in Expected Number of Sick Days. 
This regression also controls for Census Region and Employer. The results are for a two-
part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). The third column presents the results of the 
combined model. Confidence Intervals were estimated using a first-order Taylor series 
expansion. Statistically Significant at the 5% level, Statistically Significant at the 
1% level  
(D) Health-Related Employer Support: "Don't know" coded as "No" (N=34312 1st part, 
N=6634 2nd part, 14 Employers) 
(E) Not controlling for "trusting and open environment" (N=34312 1st part, N=6634 2nd 
part, 14 Employers) 
(F)  Health-Related Employer Support: measured by employer-state averages (N=34312 
1st part, N=6634 2nd part, 14 Employers) 
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Table 32. Sensitivity Analyses of the Two-Part Model Estimates of 
the Association between Health-related Employer Support and Sick 
Days, Controlling for Pain (cont’d) 
 

 Original (G) (H) 

Pain in 
the last 
12 
months 

Risk 
Difference 

0.05        
[0.05, 0.06] 

0.04                 
[0.03, 0.05] 

0.07                 
[0.05, 0.08] 

Conditional 
Margin 

0.38           
[0.30, 0.47] 

0.38                
[0.26, 0.50] 

0.41                
[0.29, 0.52] 

Unconditional 
Margin  

0.20             
[0.18, 0.23] 

0.16                
[0.13, 0.19] 

0.26                
[0.22, 0.30] 

Neither 

Risk 
Difference 

-0.003                                 
[-0.04, 0.03] 

0.005                           
[-0.02, 0.02] 

0.008                           
[-0.02, 0.04] 

Conditional 
Margin 

0.32                                  
[-0.28, 0.93] 

-0.15                           
[-0.40, 0.09] 

0.10                           
[-0.19, 0.39] 

Unconditional 
Margin  

0.05                                  
[-0.09, 0.20] 

-0.01                           
[-0.07, 0.04] 

0.04                           
[-0.05, 0.13] 

No 
Physical 
Support  

Risk 
Difference 

0.01                                  
[-0.01, 0.03] 

0.01                           
[-0.03, 0.05] 

-0.02                           
[-0.07, 0.03] 

Conditional 
Margin 

0.07                       
[-0.34, 0.27] 

0.28                               
[-0.48, 1.05] 

0.32                               
[-0.69, 1.32] 

Unconditional 
Margin  

0.04                                      
[-0.05, 0.12] 

0.07                                
[-0.09, 0.23] 

0.01                                
[-0.25, 0.28] 

No 
Emotional 
Support 

Risk 
Difference 

0.01                                  
[-0.01, 0.02] 

-0.01                                     
[-0.01, 0.03] 

-0.01                                     
[-0.02, 0.04] 

Conditional 
Margin 

-0.04                                  
[-0.24, 0.15] 

0.17                            
[-0.19, 0.52] 

-0.07                            
[-0.51, 0.36] 

Unconditional 
Margin  

0.003                                   
[-0.05, 0.06] 

0.05                  
[-0.03, 0.14] 

0.01                  
[-0.11, 0.13] 

Notes: Risk Difference = Percentage Point Change in the Probability of 
Having Any Sick Days; Conditional Margin = Change in Expected Number of 
Sick Days Conditional on Having > Zero; Unconditional Margin = 
Unconditional Change in Expected Number of Sick Days. This regression 
also controls for Census Region and Employer. The results are for a two-
part model of sick days. The first part of the model uses a logit regression 
with the dependent variable equal to one if any sick days were reported. 
The second part of the model is a GLM (Poisson and log-link). The third 
column presents the results of the combined model. Confidence Intervals 
were estimated using a first-order Taylor series expansion. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(G) Men Only (N=17593  1st part, N=2919  2nd part) 
(H) Women Only (N=16719  1st part, N=3715  2nd part) 
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Table 32.1 Sensitivity Analyses of the Two-Part Model Estimates of the 
Association between Health-related Employer Support and Sick Days, 
Controlling for Pain (cont'd) 

 

 

Original 

Health-Related 
Employer Support: 
"Don't know" coded as 
"Don't know"                    

Pain in the 
last 12 
months 

Risk Difference 0.05     [0.05, 0.06] 0.05     [0.04, 0.06] 
Conditional Margin 0.38     [0.30, 0.47] 0.39    [0.31, 0.47] 
Unconditional Margin  0.20    [0.18, 0.23] 0.20    [0.18, 0.23] 

Neither 
Risk Difference -0.003   [-0.04, 0.03] 0.01    [-0.01, 0.02] 
Conditional Margin 0.32    [-0.28, 0.93] -0.16    [-0.31, -0.01] 
Unconditional Margin  0.05    [-0.09, 0.20] -0.01    [-0.06, 0.04] 

No Physical 
Support  

Risk Difference 0.01    [-0.01, 0.03] 0.001    [-0.04, 0.04] 
Conditional Margin 0.07    [-0.34, 0.27] 0.16    [-0.23, 0.55] 
Unconditional Margin  0.04    [-0.05, 0.12] 0.03    [-0.06, 0.01] 

No 
Emotional 
Support 

Risk Difference 0.01    [-0.01, 0.02] 0.02    [0.005, 0.04] 
Conditional Margin -0.04    [-0.24, 0.15] -0.05    [-0.20, 0.09] 
Unconditional Margin  0.003    [-0.05, 0.06] 0.04    [-0.01, 0.09] 

Physical, 
Don't Know 
Emotional 

Risk Difference NA 0.01    [-0.0003, 0.02] 
Conditional Margin NA -0.29    [-0.40, -0.18] 
Unconditional Margin  NA -0.03    [-0.06, 0.01] 

No Physical, 
Don’t Know 
Emotional 

Risk Difference NA 0.02    [-0.02, 0.06] 
Conditional Margin NA -0.09    [-0.50, 0.32] 
Unconditional Margin  NA 0.03    [-0.10, 0.17] 

Don't Know 
Physical, 
Emotional 

Risk Difference NA 0.004    [-0.02, 0.03] 
Conditional Margin NA -0.16    [-0.43, 0.10] 
Unconditional Margin  NA -0.02    [-0.10, 0.06] 

Don't Know 
Physical, No 
Emotional 

Risk Difference NA 0.01    [-0.01, 0.04] 
Conditional Margin NA 0.17   [-0.04, 0.38] 
Unconditional Margin  NA 0.07    [-0.003, 0.14] 

 Notes: Risk Difference = Percentage Point Change in the Probability of Having Any 
Sick Days; Conditional Margin = Change in Expected Number of Sick Days Conditional 
on Having > Zero; Unconditional Margin = Unconditional Change in Expected Number 
of Sick Days. This regression also controls for Census Region and Employer. The 
results are for a two-part model of sick days. The first part of the model uses a logit 
regression with the dependent variable equal to one if any sick days were reported. 
The second part of the model is a GLM (Poisson and log-link).Confidence Intervals 
were estimated using a first-order Taylor series expansion. Statistically Significant 
at the 5% level, Statistically Significant at the 1% level  (N=34312 1st part, 
N=6634 2nd part, 14 Employers) 
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Table 33. Sensitivity Analyses of the Association between Health-
Related Employer Support and Self-Rated Relative Productivity, 
Controlling for Pain 
 Original (A)  (B)  (C)  
Pain in the 
last 12 
months 

0.03                 
[-0.02, 0.07] 

0.02                          
[-0.004, 0.05] 

0.04                          
[-0.01, 0.09] 

0.05                          
[-0.09, 0.19] 

Neither 0.37                          
[0.31, 0.43] 

0.38                            
[0.32, 0.44] 

0.35                            
[0.21, 0.48] 

0.37                            
[0.04, 0.69] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.15                       
[0.03, 0.27] 

0.33                       
[0.02, 0.65] 

0.05                       
[-0.48, 0.57] 

No Emotional 
Support 

0.19                        
[0.11, 0.27] 

0.21                           
[0.13, 0.28] 

0.21                           
[0.09, 0.34] 

0.13                           
[-0.25, 0.51] 

Notes:  This multiple linear regression also controls for Census Region and 
Employer, Standard Errors are clustered by employer and state. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(A) Controlling for use of "relaxing" drugs and alcohol (N=32603, 13 Employers) 
(B) Employer with Dependents Sample: Employees-Only (N=11368, 1 
Employer) 
(C) Employer with Dependents Sample: Dependents Only (N=1826, 1 
Employer) 
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Table 33. Sensitivity Analyses of the Association between Health-
Related Employer Support and Self-Rated Relative Productivity, 
Controlling for Pain (cont’d) 
 Original (D) 1(E) (F) 
Pain in the 
last 12 
months 

0.03                 
[-0.02, 0.07] 

0.03                          
[-0.02, 0.07] 

0.03                          
[-0.02, 0.08] 

0.03                          
[-0.02, 0.07] 

Neither 0.37                          
[0.31, 0.43] 

0.37                            
[0.31, 0.43] 

0.42                           
[0.36, 0.48] 

1.15                       
[0.41, 1.89] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.16                       
[-0.005, 0.33] 

0.17                      
[0.05, 0.29] 

1.12                       
[-0.72, 3.00] 

No Emotional 
Support 

0.19                        
[0.11, 0.27] 

0.20                           
[0.12, 0.28] 

0.24                          
[0.16, 0.31] 

-0.56                    
[-1.35, 0.24] 

Notes:  This multiple linear regression also controls for Census Region and 
Employer, Standard Errors are clustered by employer and state. Statistically 
Significant at the 5% level, Statistically Significant at the 1% level  
(D) Health-Related Employer Support: "Don't know" coded as "No" (N=34359, 
14 Employers) 
(E) Not controlling for "trusting and open environment" (N=34359, 14 
Employers) 
(F) Health-Related Employer Support: measured by employer-state averages 
(N=34359, 14 Employers) 
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Table 33. Sensitivity Analyses of the Association between 
Health-Related Employer Support and Self-Rated Relative 
Productivity, Controlling for Pain (cont’d) 
 Original (G) (H) 
Pain in the 
last 12 
months 

0.03                 
[-0.02, 0.07] 

0.02                 
[-0.06, 0.09] 

0.03                 
[-0.02, 0.08] 

Neither 0.37                          
[0.31, 0.43] 

0.37                          
[0.30, 0.44] 

0.37                          
[0.25, 0.49] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.09                        
[-0.05, 0.24] 

0.26                        
[-0.03, 0.55] 

No Emotional 
Support 

0.19                        
[0.11, 0.27] 

0.17                        
[0.10, 0.25] 

0.23                        
[0.11, 0.35] 

Notes:  This multiple linear regression also controls for Census 
Region and Employer, Standard Errors are clustered by 
employer and state. Statistically Significant at the 5% 
level, Statistically Significant at the 1% level  
(G) Men only (N=17614, 14 Employers) 
(H) Women only (N=16745, 14 Employers) 
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Table 33.1 Sensitivity Analyses of the 
Association between Health-Related Employer 
Support and Self-Rated Relative Productivity, 
Controlling for Pain (cont'd). 

 Original 

Health-Related 
Employer Support: 
"don't know" coded 

as "don't know"  
Pain in the 
last 12 
months 

0.03                 
[-0.02, 0.07] 

0.03                              
[-0.02, 0.07] 

Neither 0.37                          
[0.31, 0.43] 

0.37                                 
[0.30, 0.43] 

No Physical 
Support  

0.15                        
[0.04, 0.27] 

0.11                            
[-0.05, 0.27] 

No Emotional 
Support 

0.19                        
[0.11, 0.27] 

0.17                                 
[0.09, 0.23] 

Physical, 
Don't Know 
Emotional 

NA 0.03                            
[-0.02, 0.07] 

No Physical, 
Don’t Know 
Emotional 

NA 0.13                            
[-0.006, 0.28] 

Don't Know 
Physical, 
Emotional 

NA -0.02                            
[-0.11, 0.07] 

Don't Know 
Physical, No 
Emotional 

NA 0.25                                  
[0.16, 0.33] 

Notes:  This regression also controls for Census 
Region and Employer, Standard Errors are clustered 
by employer and state. Statistically Significant at 
the 5% level, Statistically Significant at the 1% 
level   (N=34359, 14 employers) 
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Table 34. Results of the Analysis of the Association between Heath-related 
Employer Support and Future Medical Expenditures, Controlling for Pain 
(N=1584, N=1469 in 2nd part) 

Variable 

Percentage 
Point Difference 

in the 
Probability of 
Having Any 
Expenditure                        

[95% CI] 

Change in 
Expected 

Expenditures 
Conditional on 
Having > Zero                        

[95% CI] 

Unconditional 
Change in Expected 

Expenditures                       
[95% CI] 

Pain 0.06 $2,535 $2,618 
[0.04, 0.09] [$233, $4,837] [$460, $4,777] 

Health-related Employer Support (Both is reference)  

Neither -0.003 -$1,474 -$1,378 
[-0.06, 0.05] [-$6,012, $3,064] [-$5,582, $2,825] 

No Physical Support  -0.07 -$2,862 -$2,857 
[-0.19, 0.05] [-$8,485, $2,761] [-$7,911, $2,197] 

No Emotional 
Support 

0.03 -$3,153 -$2,855 
[-0.02, 0.07] [-$6,312, $5] [-$5,814, $104] 

Does not learn new 
things 

-0.01 -$381 -$382 
[-0.05, 0.03] [-$3,694, $2,931] [-$3,451, $2,686] 

Does not have fun 0.004 -$888 -$809 
[-0.03, 0.04] [-$3,982, $2,206] [-$3,683, $2,064] 

Does not have 
enough resources 

-0.02 -$1,795 -$1,737 
[-0.07, 0.03] [-$5,210, $1,620] [-$4,883, $1,410] 

Job Insecurity 0.03 -$710 -$553 
[-0.01, 0.07] [-$4,579, $3,160] [-$4,185, $3,079] 

Unsatisfied 0.02 -$1,264 -$1,103 
[-0.04, 0.08] [-$5,844, $3,316] [-$5,390, $3,184] 

Does not get to use 
strengths 

-0.03 $3,981 $3,529 
[-0.07, 0.01] [-$759, $8,721] [-$821, $7,879] 

Not trusting and 
open environment 

-0.02 $1,266 $1,076 
[-0.06, 0.02] [-$2,151, $4,682] [-$2,061, $4,212] 

Typical Hours 
Worked  

-0.00004 $20 $18 
[-0.001, 0.001] [-$107, $147] [-$100, $136] 

Charlson Index 
Score ≥1 

0.08 $13,073 $13,034 
[0.06, 0.10] [$8,213, $17,932] [$8,291, $17,777] 

Asthma 
-0.001 -$3,968 -$3,682 

[-0.04, 0.04] [-$6,468, -$1,468] [-$6,000, -$1,363] 

Depression 
0.05 $5,991 $5,852 

[0.02, 0.08] [$1,286, $10,696] [$1,392, $10,311] 

High Blood Pressure 0.04 -$186 -$11 
[0.01, 0.07] [-$2,970, $2,599] [-$2,627, $2,604] 

High Cholesterol 0.04 -$144 $17 
[0.01, 0.07] [-$2,936, $2,648] [-$2,602, $2,636] 

Smoking Status -0.04 -$1,845 -$1,844 
[-0.09, 0.01] [-$4,933, $1,244] [-$4,674, $985] 

Male -0.09 -$2,972 -$3,126 
[-0.12, -0.06] [-$5,241, -$703] [-$5,231, -$1,020] 

Age (years) 0.0005 $117 $110 

243



[-0.001, 0.002] [-$9, $242] [-$7, $227] 

BMI   
0.001 $54 $54 

[-0.001, 0.004] [-$142, $249] [-$127, $235] 
Emotional Health 
Index  10 point scale 

0.002 -$346 -$312 
[-0.004, 0.01] [-$956, $265] [-$878, $254] 

Health Status 10pt 
scale  

0.001 $19 $21 
[-0.01, 0.01] [-$794, $833] [-$734, $776] 

Health Insurance Type (PPO is reference) 

HMO - gatekeeper 
-0.02 -$424 -$451 

[-0.06, 0.03] [-$3,377, $2,530] [-$3,185, $2,284] 
HMO - POS or Open 
Access 

-0.01 $883 $781 
[-0.06, 0.04] [-$2,767, $4,533] [-$2,608, $4,170] 

Indemnity/HAS 
-0.04 $7,686 $6,843 

[-0.13, 0.05] [-$4,002, $19,375] [-$3,831, $17,517] 
Income (Up to $2,999 is reference)  

$3,000 to $3,999 
-0.03 $426 $295 

[-0.08, 0.02] [-$3,720, $4,571] [-$3,550, $4,141] 

$4,000 to $4,999 
-0.03 -$1,174 -$1,204 

[-0.08, 0.01] [-$5,100, $2,752] [-$4,852, $2,445] 

$5,000 to $7,499 
-0.03 $1,985 $1,742 

[-0.07, 0.02] [-$2,288, $6,258] [-$2,238, $5,722] 

$7,500 to $9,999 
-0.01 -$1,823 -$1,738 

[-0.06, 0.04] [-$5,836, $2,191] [-$5,484, $2,008] 

$10,000 and over 
-0.02 $663 $530 

[-0.08, 0.03] [-$3,745, $5,070] [-$3,582, $4,642] 

Spouse/Partner 
0.01 $1,525 $1,438 

[-0.03, 0.04] [-$1,407, $4,456] [-$1,284, $4,161] 
Number of Children 
under 18 

0.01 -$914 -$820 
[-0.01, 0.02] [-$2,148, $320] [-$1,965, $325] 

Note: This regression also controlled for the number of hospital beds per 1,000 pop; 
Active Medical Specialty Physicians (excluding GIM, Pediatrics & Psychiatry) per 10,000 
pop; Active Family, General, General Internal Medicine, and Pediatric physicians per 
10,000 pop; Active Psychiatry Specialty Physicians per 10,000 pop; and Census Region. 
The results are for a two-part model of future medical expenditures. The first part of the 
model uses a logit regression with the dependent variable equal to one if there were any 
expenditure. The second part of the model is a GLM (Gamma and log-link). The third 
column presents the results of the combined model.  Average Marginal Effects are 
reported in columns. Confidence Intervals were estimated using a first-order Taylor series 
expansion. Statistically Significant at the 5% level, Statistically Significant at the 
1% level  
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Table 35. Sensitivity Analyses of the Two-Part Model Estimates of the 
Association between Health-Related Employer Support and Future Medical 
Expenditures, Controlling for Pain 

    Original (A)  (B)  

Pain in 
the last 
12 
months 

Risk 
Difference 

0.06                           
[0.04, 0.09]    

0.05                       
[0.03, 0.08] 

0.06                           
[0.04, 0.09]    

Conditional 
Margin 

$2,535                     
[$233, $4,837] 

$3,514                                 
[-$1,241, $8,269] 

$2,549                     
[$246, $4,851] 

Unconditional 
Margin  

$2,618                     
[$460, $4,777] 

$3,448                        
[-$992, $7,888] 

$2,625                     
[$467, $4,783] 

Neither 

Risk 
Difference 

-0.003                       
[-0.06, 0.05] 

-0.002                       
[-0.06, 0.06] 

-0.01                           
[-0.06, 0.05]    

Conditional 
Margin 

-$1,474                     
[-$6,012, $3,064] 

-$4,035                       
[-$11,482, $3,413] 

-$1,187                     
[-$5,771, $3,397] 

Unconditional 
Margin  

$1,378                      
[-$5,582, $2,825] 

-$3,764                                 
[-$10,704, $3,175] 

-$1,121                     
[-$5,364, $3,122] 

No 
Physical 
Support  

Risk 
Difference 

-0.07                       
[-0.19, 0.05] 

-0.07                       
[-0.18, 0.04] 

-0.07                           
[-0.19, 0.05]    

Conditional 
Margin 

-$2,862                     
[-$8,485, $2,761] 

-$5,034                       
[-$15,085, $5,017] 

-$2,793                     
[-$8,421, $2,834] 

Unconditional 
Margin  

-$2,857                      
[-$7,911, $2,197] 

-$4,844                                 
[-$14,087, $4,400] 

-$2,796                     
[-$7,854, $2,263] 

No 
Emotional 
Support 

Risk 
Difference 

0.03                         
[-0.02, 0.07] 

0.01                                 
[-0.05, 0.06] 

0.02                           
[-0.02, 0.07]    

Conditional 
Margin 

-$3,153                         
[-$6,312, $5] 

-$6,401                       
[-$13,027, $225] 

-$2,944                     
[-$6,098, $210] 

Unconditional 
Margin  

-$2,855                        
[-$5,814, $104] 

-$5,954                                 
[-$12,134, $226] 

-$2,669                     
[-$5,621, $284] 

Note:  Risk Difference = Percentage Point Change in the Probability of Having Any 
Expenditure; Conditional Margin = Change in Expected Expenditures Conditional on 
Having > Zero; Unconditional Margin = Unconditional Change in Expected Expenditures. 
The results are for a two-part model of future medical expenditures. The first part of the 
model uses a logit regression with the dependent variable equal to one if there were any 
expenditures. The second part of the model is a GLM (Gamma and log-link). Confidence 
Intervals were estimated using a first-order Taylor series expansion. Statistically 
Significant at the 1% level.  Statistically Significant at the 5% level.  
(A) Controlling for previous medical expenditures (N=1371 1st part, N=1289 2nd part, 1 
employer) 
(B) Not controlling for "open and trusting environment" (N=1584 1st part, N=1469 2nd 
part, 1 employer) 
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Table 35. Sensitivity Analyses of the Two-Part Model 
Estimates of the Association between Health-Related 
Employer Support and Future Medical Expenditures 
Controlling for Pain (cont'd) 
    Original (C)  

Pain in the 
last 12 
months 

Risk 
Difference 

0.06                           
[0.04, 0.09]    

0.08                             
[0.06, 0.10] 

Conditional 
Margin 

$2,535                     
[$233, $4,837] 

$1,182                   
[$652, $1,713] 

Unconditional 
Margin  

$2,618                     
[$460, $4,777] 

$1,013                            
[$654, $1,372] 

Neither 

Risk 
Difference 

-0.003                       
[-0.06, 0.05] 

-0.001                            
[-0.05, 0.05] 

Conditional 
Margin 

-$1,474                     
[-$6,012, $3,064] 

$97                            
[-$906, $1,101] 

Unconditional 
Margin  

$1,378                      
[-$5,582, $2,825] 

$61                           
[-$605, $728] 

No Physical 
Support  

Risk 
Difference 

-0.07                       
[-0.19, 0.05] 

-0.03                           
[-0.15, 0.09] 

Conditional 
Margin 

-$2,862                     
[-$8,485, $2,761] 

$193                            
[-$1,746, $2,133] 

Unconditional 
Margin  

-$2,857                      
[-$7,911, $2,197] 

$27                           
[-$1,233, $1,286] 

No 
Emotional 
Support 

Risk 
Difference 

0.03                         
[-0.02, 0.07] 

-0.003                             
[-0.06, 0.05] 

Conditional 
Margin 

-$3,153                         
[-$6,312, $5] 

$47                             
[-$1,179, $1,274] 

Unconditional 
Margin  

-$2,855                        
[-$5,814, $104] 

$22                           
[-$775, $818] 

Note: The results are for a two-part model of future medical 
expenditures. The first part of the model uses a logit regression with 
the dependent variable equal to one if there were any expenditures. 
The second part of the model is a GLM (Gamma and log-link). 
Average Marginal Effects are reported in columns. Confidence 
Intervals were estimated using a first-order Taylor series expansion. 
Statistically Significant at the 5% level, Statistically 
Significant at the 1% level  
(C) Expanded Sample with less strict eligibility requirements 
(N=9767 1st part, N=6176 2nd part, 2 employers) 
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Table 35. Sensitivity Analyses of the Two-Part Model Estimates of the 
Association between Health-Related Employer Support and Future Medical 
Expenditures Controlling for Pain (cont'd) 

    Original (D) (E)  
Pain in 
the last 
12 
months 
  
  

Risk 
Difference 

0.06                           
[0.04, 0.09] 

0.11                      
[0.06, 0.16] 

0.03                           
[0.005, 0.05] 

Conditional 
Margin 

$2,535                     
[$233, $4,837] 

$1,645                                 
[-$1,100, $4,391] 

$4,311                     
[$1,324, $7,297] 

Unconditional 
Margin  

$2,618                     
[$460, $4,777] 

$1,812                        
[-$607, $4,231] 

$4,339                     
[$1,428, $7,249] 

Neither 
  
  

Risk 
Difference 

-0.003                       
[-0.06, 0.05] 

0.03                       
[-0.08, 0.14] 

-0.01                           
[-0.07, 0.05] 

Conditional 
Margin 

-$1,474                     
[-$6,012, $3,064] 

-$900                      
[-$6,274, $4,473] 

-$2,661                     
[-$8,119, $2,796] 

Unconditional 
Margin  

$1,378                      
[-$5,582, $2,825] 

-$703                                
[-$5,422, $4,015] 

-$2,627                     
[-$7,898, $2,645] 

No 
Physical 
Support  
  
  

Risk 
Difference 

-0.07                       
[-0.19, 0.05] 

-0.09                       
[-0.30, 0.12] 

-0.06                           
[-0.21, 0.10] 

Conditional 
Margin 

-$2,862                     
[-$8,485, $2,761] 

-$4,179                       
[-$8,783, $426] 

-$2,146                     
[-$10,858, $6,565] 

Unconditional 
Margin  

-$2,857                      
[-$7,911, $2,197] 

-$3,768                                
[-$7,621, $86] 

-$2,325                     
[-$10,555, $5,904] 

No 
Emotional 
Support 
  
  

Risk 
Difference 

0.03                         
[-0.02, 0.07] 

0.07                                 
[-0.01, 0.16] 

0.01                           
[-0.03, 0.04] 

Conditional 
Margin 

-$3,153                         
[-$6,312, $5] 

-$1,678                       
[-$6,175, $2,820] 

-$4,090                     
[-$7,894, -$286] 

Unconditional 
Margin  

-$2,855                        
[-$5,814, $104] 

-$1,266                                 
[-$5,291, $2,759] 

-$3,950                     
[-$7,649, $250] 

Note: The results are for a two-part model of future medical expenditures. The first part 
of the model uses a logit regression with the dependent variable equal to one if there 
were any expenditures. The second part of the model is a GLM (Gamma and log-link). 
Average Marginal Effects are reported in columns. Confidence Intervals were estimated 
using a first-order Taylor series expansion. Statistically Significant at the 5% level, 
Statistically Significant at the 1% level  
(D) Men only (N=655 1st part, N=570 2nd part) 
(E) Women Only (N=927 1st part, N=899 2nd part) 
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Table 36. Expectations for Analysis of Sick Days with Bootstrapped 95% 
Confidence Intervals 

 Estimate Bias Standard 
Error 

Bias-corrected 
adjusted 95% 

Confidence 
Interval 

Effect of Pain on Sick Days when Neither 
Type of Support is Present - Effect of 
Pain on Sick Days with Both Types of 
Support are Present 

-0.02 0.00 0.06 [-0.14, 0.09] 

Effect of Pain on Sick Days when No 
Physical Support is Present - Effect of 
Pain on Sick Days with Both Types of 
Support are Present 

-0.12 0.00 0.14 [-0.47, 0.11] 

Effect of Pain on Sick Days when No 
Emotional Support is Present - Effect of 
Pain on Sick Days with Both Types of 
Support are Present 

-0.01 0.00 0.06 [-0.13, 0.11] 

Effect of Pain on Sick Days with Both 
Types of Support are Present 0.21 0.00 0.02 [0.16, 0.26] 

Effect of Pain on Sick Days when Neither 
Type of Support is Present 0.19 0.00 0.05 [0.08, 0.30] 

Effect of Pain on Sick Days when No 
Physical  Support is Present 0.09 0.00 0.14 [-0.26, 0.32] 

Effect of Pain on Sick Days when No 
Emotional  Support is Present 0.20 0.00 0.06 [0.09, 0.31] 

E[SickDays|Pain=1, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

0.58 0.00 0.02 [0.54, 0.62] 

E[SickDays|Pain=0, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

0.37 0.00 0.01 [0.34, 0.40] 

E[SickDays|Pain=1, NoSupport=1, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

0.55 0.00 0.04 [0.48, 0.65] 

E[SickDays|Pain=0, NoSupport=1, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

0.36 0.00 0.03 [0.30, 0.44] 

E[Sick Days|Pain=1, NoSupport=0, 
NoPhysicalSupport=1, 
NoEmotionalSupport=0, X]  

0.49 0.00 0.09 [0.33, 0.68] 

E[SickDays|Pain=0, NoSupport=0, 
NoPhysicalSupport=1, 
NoEmotionalSupport=0, X]  

0.40 0.00 0.10 [0.25, 0.67] 

E[SickDays|Pain=1, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=1, X]  

0.63 0.00 0.04 [0.55, 0.71] 

E[SickDays|Pain=0, NoSupport=0, 
NoPhysicalSupport=0, NoEmotional 
Support=1, X]  

0.43 0.00 0.04 [0.36, 0.51] 
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Table 37. Expectations for Analysis of Future Medical Expenditures with 
Bootstrapped 95% Confidence Intervals 

 

Estimate Bias Standard 
Error 

Bias-corrected 
adjusted 95% 

Confidence Interval 
Effect of Pain on Future Medical 
Expenditures when Neither Type of 
Support is Present - Effect of Pain 
on Future Medical Expenditures 
with Both Types of Support are 
Present 

$1,459 -$779 $3,187 [-$3548, $10059] 

Effect of Pain on Future Medical 
Expenditures when No Physical 
Support is Present - Effect of Pain 
on Future Medical Expenditures 
with Both Types of Support are 
Present 

$39 -$483 $3,370 [-$5935, $6186] 

Effect of Pain on Future Medical 
Expenditures when No Emotional 
Support is Present - Effect of Pain 
on Future Medical Expenditures 
with Both Types of Support are 
Present 

$1,162 -$345 $1,817 [-$1,739, $5,796] 

Effect of Pain on Future Medical 
Expenditures with Both Types of 
Support are Present 

$2,328 $271 $1,162 [$106, $4,548] 

Effect of Pain on Future Medical 
Expenditures when Neither Type of 
Support is Present 

$3,787 -$508 $3,085 [-$1,187, $11,229] 

Effect of Pain on Future Medical 
Expenditures when No Physical  
Support is Present 

$2,367 -$212 $3,214 [-$3,138, $9,584] 

Effect of Pain on Future Medical 
Expenditures when No Emotional  
Support is Present 

$3,490 -$74 $1,590 [$918, $7,316] 

E[FutureMedicalExpenditures | 
Pain=1, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

$9,416 -$388 $1,734 [$4,845, $11,564] 

E[FutureMedicalExpenditures | 
Pain=0, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

$7,088 -$659 $1,397 [$5,106, $10,471] 

E[FutureMedicalExpenditures | 
Pain=1, NoSupport=1, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

$9,152 -$512 $2,945 [$4,691, $16,620] 

E[FutureMedicalExpenditures | 
Pain=0, NoSupport=1, 
NoPhysicalSupport=0, 
NoEmotionalSupport=0, X]  

$5,365 -$4 $2,021 [$2,337, $10,705] 
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E[FutureMedicalExpenditures | 
Pain=1, NoSupport=0, 
NoPhysicalSupport=1, 
NoEmotionalSupport=0, X]  

$7,405 -$391 $2,537 [$3,612, $15,653] 

E[FutureMedicalExpenditures | 
Pain=0, NoSupport=0, 
NoPhysicalSupport=1, 
NoEmotionalSupport=0, X]  

$5,037 -$178 $2,468 [$1,601, $12,636] 

E[FutureMedicalExpenditures | 
Pain=1, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=1, X]  

$7,102 -$137 $1,760 [$3,437, $10,334] 

E[FutureMedicalExpenditures | 
Pain=0, NoSupport=0, 
NoPhysicalSupport=0, 
NoEmotionalSupport=1, X]  

$3,612 -$62 $968 [$1,745, $5,695] 
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Appendix 1. Employer with Dependents (EWD) Sample 

 

Figure 1. Sample Flowchart for Employer with Dependents Sample 
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Table 2. Descriptive Statistics for the Employer with Dependents Sample 

 
Employees Dependents 

Dependent Variables 

Mean or 
Percent   

(Standard 
Deviation) 

Mean or 
Percent   

(Standard 
Deviation) 

Number of days missed for health 
reasons in the past 28 

0.60 (3.57) 0.87 (6.92) 

Own Productivity Rating  8.43 (1.22) 8.73  (1.17) 
Rating of Usual Worker 
Productivity  

7.51  (1.40) 7.60  (1.50) 

Own-Usual 0.92  (1.42) 1.12  (1.50) 
Recurring Pain in the last 12 
months 42.03% 39.49% 

Predictors   
Health-related Employer 
Support[1]   

Both Physical & Emotional 63.68% 64.24% 
Neither Physical or Emotional 17.37% 22.23% 
Physical Only 16.52% 10.08% 
Emotional Only 2.43% 3045.00% 

Unsatisfied with job 18.26% 14.58% 
Do not use strengths every day  22.54% 16.12% 
Supervisor does not create a 
trusting and open environment 16.21% 23.52% 

Tenure on the Job 13.13 (10.09) 8.24  (8.03) 
Number of Children under 18 0.81 (1.13) 0.98 (1.07) 
Provides informal care 17.06% 13.08% 
Married/Partner 66.91% 97.62% 
Current Smoker 8.09% 7.35% 
Exercise in past week   

0 times 22.19% 22.19% 
1 or 2 times 28.86% 28.86% 
3 or more time 48.96% 48.96% 

AMI (ever told) 0.53% 1.04% 
Asthma (ever told) 9.14% 8.27% 
Cancer (ever told) 3.71% 3.89% 
Depression (ever told) 12.57% 9.31% 
Diabetes (ever told) 5.60% 5.59% 
High Blood Pressure (ever told) 21.99% 20.70% 
High Cholesterol (ever told) 22.63% 21.91% 

Age  
43.86  

(10.36) 
45.69  

(10.05) 
BMI  28.54 (6.79) 27.46  (5.69) 
Emotional Health Index  7.56 (2.72) 8.17  (2.35) 
Health Ladder  7.59 (4.29) 8.14  (5.39) 
Can count on family/friends if in 
trouble 96.27% 97.33% 
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Male 35.71% 54.87% 
Highest level of completed 
education   

Less than high school 
diploma 16.26% 6.90% 

High school degree or 
diploma 11.13% 15.55% 

Technical/vocational school 6.67% 5.97% 
Some college 24.59% 24.10% 
College graduate 29.39% 31.82% 
Post graduate work or degree 10.48% 13.75% 

Notes: This table gives the descriptive statistics for the analyses 
using productivity at work and pain as outcomes for the sensitivity 
from one employer that had dependents take surveys.                                                   
[1] Totals do not sum to 100 because some individual reported 
values for only 1 question. 13.28% reported an answer for 
physical but not emotional, 5.61% did the reverse, and 12.88% 
did not report either answer. 
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Appendix 2. Expanded Medical Expenditures Sample 

 

Figure 1. Sample Flowchart for Expanded Medical Expenditures Sample 
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Table 2. Descriptive Statistics for Expanded Medical Expenditures Sample 

Characteristic Mean (SD) or 
Percent3 

Dependent Variable  

Aggregate Medical Expenditures $ $2,769 
($14,921) 

Predictors  
Health-related Employer Support4  

Physical & Emotional 66.36% 
Neither Physical nor Emotional 4.56% 
Emotional Only 0.97% 
Physical Only 5.90% 

Unsatisfied with job 15.99% 
Do not use strengths every day  21.37% 
Supervisor does not create a trusting and 
open environment 16.89% 

Men 36.77% 
Pain 42.01% 
Age (years) 44.40 (10.53) 
Current Smoker 9.20% 
BMI 28.53 (6.74) 
Charlson Comorbidity Index Score 0.22 (0.78) 
Asthma (ever told) 10.00% 
Depression (ever told) 13.62% 
High Blood Pressure (ever told) 23.02% 
High Cholesterol (ever told) 23.63% 
Emotional Health Index  7.75 (2.65) 
Health Ladder  7.75 (3.96) 
Monthly Household Income  

$0 to $1,999 7.22% 
$2,000 to $2,999 9.95% 
$3,000 to $3,999 9.74% 
$4,000 to $4,999 9.79% 
$5,000 to $7,499 16.79% 
$7,500 to $9,999 10.31% 
$10,000 and over 14.12% 

Spouse or Partner 66.90% 
Number of Children under 18 in household 0.78 (1.50) 
Health Insurance Type  

PPO 92.99% 
HMO-Gate Keeper 3.78% 
HMO-Open Access or POS 6.3% 

3 Totals may not sum to 100% because of missing data. 
4 Totals do not sum to 100 because some individual reported values for only 1 question.  
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Indemnity 0.71% 
Census Region  

Midwest 41.47% 
Northeast 13.20% 
South 38.34% 
West 6.99% 

Health System – state level  
Hospital Beds per 1,000 population 2.96 (0.68) 
Active Family, General, General 
Internal Medicine, and Pediatric 
physicians per 10,000 population 

5.14 (1.83) 

Active Medical & Surgical Specialty 
Physicians per 10,000 population 
(excluding GIM, Pediatrics, & 
Psychiatry) 

13.97 (2.85) 

Active Psychiatry Physicians per 10,000 
population 1.12 (0.05) 
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Appendix 3. Regression Estimates for Sick Days Model 

Table 1. Regression Results of the Two-Part Model of the Association between 
Heath-related Employer Support and Sick Days, Controlling for Pain 

Variable 

Dependent Variable = 
Any Sick Days 

Dependent Variable = 
Number of Sick Days 

given at least one 

  
Coefficient                                         

[95% Confidence 
Interval] 

Coefficient                                         
[95% Confidence 

Interval] 

Pain 
0.37 0.16 

[0.31, 0.42] [0.12,0.19] 
Health-related Employer Support 
(Both is reference)     

Neither 0.03 -0.02 
[-0.07, 0.14] [-0.10,0.06] 

No Physical Support  -0.02 0.12 
[-0.25, 0.21] [-0.10,0.34] 

No Emotional Support 0.07 0.03 
[-0.06, 0.20] [-0.10,0.15] 

Unsatisfied 
0.07 0.01 

[-0.02, 0.16] [-0.06,0.07] 

Does not get to use strengths 
0.10 -0.01 

[0.03, 0.18] [-0.06,0.04] 

Not trusting and open environment 
0.02 0.09 

[-0.06, 0.10] [0.04,0.14] 

Tenure on the Job (years) -0.01 -0.003 
[-0.01, 0.00] [-0.005,-0.001] 

Number of Children under 18 0.02 -0.01 
[-0.01, 0.04] [-0.02,0.004] 

Provides informal care 0.10 0.02 
[0.02, 0.17] [-0.02,0.06] 

Spouse/Partner -0.12 0.02 
[-0.18, -0.06] [-0.01,0.06] 

Exercise in past week (0 times is 
reference)     

1 or 2 times -0.07 -0.12 
[-0.15, 0.00] [-0.17,-0.08] 

3 or more times -0.22 -0.11 
[-0.30, -0.15] [-0.15,-0.07] 

Current Smoker 0.21 -0.07 
[0.12, 0.30] [-0.12,-0.02] 

AMI  0.21 0.14 
[-0.09, 0.50] [0.02,0.27] 

Asthma 0.15 0.003 
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[0.06, 0.24] [-0.04,0.05] 

Cancer 0.38 0.31 
[0.24, 0.51] [0.25,0.37] 

Depression  0.54 0.09 
[0.46, 0.62] [0.05,0.13] 

Diabetes 0.25 -0.002 
[0.13, 0.37] [-0.06,0.06] 

High Blood Pressure  0.05 0.13 
[-0.03, 0.12] [0.10,0.17] 

High Cholesterol -0.06 -0.03 
[-0.13, 0.01] [-0.07,0.01] 

Age  (years) -0.001 0.01 
[-0.005, 0.002] [0.01,0.01] 

BMI  0.01 -0.0005 
[0.01, 0.02] [-0.003,0.002] 

Emotional Health Index (out of 
100) 

-0.001 0.001 
[-0.02, 0.01] [-0.01,0.01] 

Health Ladder (0 to 10) 
-0.02 -0.02 

[-0.03, -0.01] [-0.03,-0.01] 
Highest level of completed 
education (Less than high school 
diploma is reference)     

High school degree or diploma 0.23 0.11 
[0.07, 0.40] [0.02,0.20] 

Technical/vocational school 0.03 0.07 
[-0.15, 0.22] [-0.04,0.17] 

Some college 0.21 0.10 
[0.06, 0.36] [0.01,0.18] 

College graduate 0.06 0.03 
[-0.09, 0.20] [-0.06,0.11] 

Post graduate work or degree -0.12 -0.07 
[-0.29, 0.04] [-0.16,0.02] 

Occupation category (Professional 
worker is reference)     

Manager, executive, or official -0.24 -0.02 
[-0.33, -0.16] [-0.07,0.04] 

Sales worker -0.01 -0.01 
[-0.21, 0.19] [-0.17,0.16] 

Clerical or office worker 0.13 -0.01 
[0.05, 0.22] [-0.06,0.03] 

Manufacturing or production 
worker 

-0.19 0.24 
[-0.34, -0.05] [0.15,0.33] 

Business owner 0.32 0.17 
[0.03, 0.61] [-0.05,0.38] 
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Service worker 0.12 0.13 
[-0.05, 0.29] [0.03,0.23] 

Construction or mining worker 0.16 0.40 
[-0.31, 0.63] [0.02,0.79] 

Transportation worker -0.09 0.23 
[-0.52, 0.34] [-0.15,0.60] 

Installation or repair worker 0.29 0.30 
[-0.01, 0.58] [0.16,0.45] 

Farming, fishing, or forestry 
worker 

0.28 0.03 
[-0.20, 0.77] [-0.24,0.30] 

Other Occupation 0.04 0.06 
[-0.07, 0.15] [-0.002,0.12] 

Constant -1.04 0.41 
[-1.31, -0.76] [0.26,0.57] 

Notes:  This regression also controls for Census Region and Employer. The results are for a 
two-part model of sick days. The first part of the model uses a logit regression with the 
dependent variable equal to one if any sick days were reported. The second part of the 
model is a GLM (Poisson and log-link). Statistically Significant at the 5% level, 
Statistically Significant at the 1% level  
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Appendix 4. Regression Estimates of the Future Medical Expenditures 
Model 
Table 1. Regression Results of the Analysis of the Association 
between Heath-related Employer Support and Future Medical 
Expenditures, Controlling for Pain  

Variable 

Dependent 
Variable = Any 
Expenditures 

Dependent 
Variable = Level 
of Expenditures 

given > $0 

  
Coefficient                                         

[95% Confidence 
Interval] 

Coefficient                                         
[95% Confidence 

Interval] 

Pain 1.18 0.30 
[0.65, 1.71] [0.03, 0.57] 

Health-related 
Employer Support (Both 
is reference) 

    

Neither -0.06 -0.17 
[-1.01, 0.90] [-0.75, 0.40] 

No Physical Support  -0.91 -0.37 
[-2.15, 0.33] [-1.24, 0.49] 

No Emotional Support 0.53 -0.42 
[-0.47, 1.53] [-0.90, 0.06] 

Does not learn new 
things 

-0.13 -0.04 
[-0.76, 0.51] [-0.44, 0.35] 

Does not have fun 0.07 -0.10 
[-0.53, 0.67] [-0.48, 0.27] 

Does not have enough 
resources 

-0.35 -0.22 
[-1.10, 0.41] [-0.69, 0.24] 

Job Insecurity 0.60 -0.09 
[-0.28, 1.48] [-0.56, 0.39] 

Unsatisfied 0.40 -0.16 
[-0.85, 1.65] [-0.75, 0.44] 

Does not get to use 
strengths 

-0.50 0.40 
[-1.10, 0.11] [-0.01, 0.82] 

Not trusting and open 
environment 

-0.37 0.14 
[-0.98, 0.24] [-0.22, 0.50] 

Typical Hours Worked  -0.001 0.002 
[-0.02, 0.02] [-0.01, 0.02] 

Charlson Index Score ≥ 
1 

2.85 1.29 
[1.38, 4.33] [0.98, 1.60] 

Asthma -0.02 -0.53 
[-0.77, 0.72] [-0.89, -0.17] 

Depression 1.08 0.59 
[0.11, 2.05] [0.22, 0.96] 

High Blood Pressure 0.89 -0.02 
[0.11, 1.67] [-0.34, 0.30] 

High Cholesterol 
0.81 -0.02 

[0.08, 1.54] [-0.34, 0.31] 
Smoking Status -0.60 -0.23 
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[-1.21, 0.001] [-0.65, 0.19] 

Male -1.56 -0.36 
[-2.04, -1.08] [-0.64, -0.08] 

Age (years) 0.01 0.01 
[-0.01, 0.03] [0.00, 0.03] 

BMI   0.02 0.01 
[-0.02, 0.06] [-0.02, 0.03] 

Emotional Health Index  
10 point scale 

0.04 -0.04 
[-0.08, 0.15] [-0.11, 0.03] 

Health Status 10pt 
scale  

0.01 0.002 
[-0.16, 0.18] [-0.09, 0.10] 

Health Insurance Type 
(PPO is reference)     

HMO - gatekeeper -0.26 -0.05 
[-1.04, 0.52] [-0.42, 0.32] 

HMO - POS or Open 
Access 

-0.16 0.10 
[-1.01, 0.69] [-0.30, 0.50] 

Indemnity/HAS 
-0.63 0.65 

[-1.83, 0.57] [-0.09, 1.39] 
Income (Up to $2,999 
is reference)      

$3,000 to $3,999 -0.50 0.05 
[-1.47, 0.47] [-0.43, 0.53] 

$4,000 to $4,999 -0.61 -0.15 
[-1.49, 0.27] [-0.65, 0.35] 

$5,000 to $7,499 -0.49 0.21 
[-1.34, 0.36] [-0.24, 0.67] 

$7,500 to $9,999 -0.22 -0.24 
[-1.21, 0.76] [-0.78, 0.30] 

$10,000 and over 
-0.44 0.08 

[-1.50, 0.62] [-0.42, 0.57] 

Spouse/Partner 0.11 0.18 
[-0.46, 0.68] [-0.16, 0.51] 

Number of Children 
under 18 

0.13 -0.11 
[-0.09, 0.34] [-0.24, 0.03] 

Note: This regression also controlled for the number of hospital 
beds per 1,000 pop; Active Medical Specialty Physicians (excluding 
GIM, Pediatrics & Psychiatry) per 10,000 pop; Active Family, 
General, General Internal Medicine, and Pediatric physicians per 
10,000 pop; Active Psychiatry Specialty Physicians per 10,000 pop; 
and Census Region. The results are for a two-part model of future 
medical expenditures. The first part of the model uses a logit 
regression with the dependent variable equal to one if there were 
any expenditure. The second part of the model is a GLM (Gamma 
and log-link).  Statistically Significant at the 5% level, 
Statistically Significant at the 1% level  
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