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Abstract 
Objective: To examine the quality of articles that claim cost savings resulting from 

chronic disease interventions. The interventions are limited to behavioral interventions, including 

worksite wellness programs, weight and disease management programs, and community based 

programs. Methods: Published articles were identified from a database search. Included articles 

were published between January 1990 and December 2016, described a positive return on 

investment of behavioral interventions for chronic disease. A single reviewer, following specific 

criteria, assessed research quality using the Quality of Health Economic Studies (QHES) 

instrument. Results: Of 1990 retrieved articles, 19 met study inclusion criteria. No study we 

reviewed has sufficient quality to be considered evidentiary. Conclusions: Economic evaluations 

yield positive ROI on chronic disease behavioral interventions have limited methodological 

quality and their results should be interpreted with caution.
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Dedication 

“For once you have tasted flight, you will forever walk the earth with your eyes turned skyward, 

for there you have been, and there you will always long to return.” 

Attributed to Leonardo da Vinci 
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1. Introduction  
Chronic diseases are responsible for a sizeable and growing burden of largely preventable 

morbidity and mortality. Results from the 2010 National Health Interview Survey reveal that over 

half of adults in the USA have at least one chronic condition and 26% have two or more 

conditions (Schiller et al., 2012). In 2014, seven of the top ten leading causes of death in the USA 

were chronic conditions. Since 2011, death due to chronic disease has steadily increased both in 

total and in the percentage of all deaths (CDC, 2015).  

The provision of care for patients with chronic disease is costly. The Agency for 

Healthcare Research and Quality reports that care for people with chronic conditions accounts for 

over 70% of total healthcare spending. Among Medicare fee-for-service beneficiaries, patients 

with two or more chronic conditions account for 93% of Medicare spending (Gerteis et al., 2014). 

Loss of productivity causes additional costs for people remaining in the workforce, for those who 

prematurely leave due to disabilities caused by chronic diseases, and for insurers and employers 

who subsidize these costs (CMMS, 2012). 

As a result of the high disease burden and costs, chronic disease management and 

wellness programs have grown into a $6 billion industry per year (Mattke et al., 2013). 

Employers spend roughly $600 per employee on wellness programs per year (NBGH, 2016) with 

83% of US large firms (200 or more employees) and 46% of small firms (less than 200 

employees) offering some type of wellness program (RAND, 2016). Insurers have also invested 

heavily in chronic disease management programs (Mattke et al., 2015).  

The theoretical underpinning behind chronic disease management and employee wellness 

programs is well documented (Weingarten et al., 2002; Carnethon et al., 2009). The goal is to 

address the risk factors that cause chronic diseases via prevention and tailored interventions. The 
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empirical literature also shows that many of these programs show effectiveness and cost 

effectiveness (Pelletier, 2009; Barlow et al., 2002), meaning the cost per quality adjusted life year 

(QALY) gained, or related measure, is within accepted bounds of what third parties may be 

willing to pay (Neumann et al., 2014). Yet, most private payers (and increasingly government 

payers) are looking for more than cost effectiveness. Their goal is to reduce health care costs 

(Mattke et al., 2015). As a result, there is a high demand for programs that can make the case of 

cost savings. Yet, this is a tall order given that the nature of these programs is to reduce risk 

factors for conditions that sometimes do not materialize for years or even decades into the future. 

This makes the chances of showing a positive return on investment (ROI) unlikely. However, 

there is an increasing number of studies claiming to show positive ROI, with some estimating 

returns as high as $5.82 for each dollar spent (Baicker et al., 2010).  

Given the nature of chronic disease prevention, we find these claims suspect. Therefore, 

the nature of this review is to explore whether or not the quality of these studies is sufficient such 

that the claims of cost savings may be considered credible. 
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2. Method 

This systematic review was conducted following the Preferred Reporting Items for 

Systematic Review and Meta-Analyses (PRISMA) statement. 

2.1 Eligibility Criteria 

Eligible studies included all published articles that show a positive return on investment 

of behavioral interventions for chronic disease, including worksite wellness programs, weight 

management programs, community based programs, and disease management programs.  

2.2 Information Sources & Search Strategy 

A comprehensive systematic search of the literature was performed. Three databases— 

PubMed, Embase, and Google Scholar—were searched to identify relevant studies published 

from 1990 through December 2016. In addition, a manual search of citations from selected 

systematic reviews was undertaken. Medical subject headings (MeSH) terms were used. Only 

English language articles are included.  

Table 1 shows the exact search strategy employed in PubMed, Embase and Google 

Scholar search.  

 

Table 1: Pubmed, Embase, and Google Scholar Search Strategy 
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PubMed Search Strategy 

Long 

Search 
#1 And #2 And #3 

#1 Chronic 

Disease 

“Chronic Disease” [Mesh] OR “Chronic Illness” [tiab] OR “Heart 

Disease”[Mesh] OR “Cardiac Diseases”[Mesh] OR “Stroke” [Mesh] 

OR “cancer”[tiab] OR ” Neoplasms” [Mesh] OR “type 2 diabetes” 

[tiab] OR “Diabetes Mellitus, Type 2” [Mesh] OR “obesity” [Mesh] 

OR “arthritis” [Mesh] 

#2 

Intervention 

“health promotion”[Mesh] OR “Promotional Items”[tw] OR 

“Wellness Programs”[tw] OR “Health Campaigns”[tw] OR 

‘‘prevention’’[tw] OR “health” [tw] OR “wellbeing” [tw]  OR 

‘‘weight management”[tw] OR ‘‘disease management’’[tw] OR 

“behavioral” [tw] OR “counseling” [tw] OR “education” [tw], OR 

“self management” [tw] 

#3 

Economic 

filters 

“net cost”[tw] OR “cost saving”[Mesh] OR “Costs and Cost 

Analyses”[tw] OR “Cost Comparison”[tw] OR “Cost”[Mesh] OR 

“Return on Investment”[tw] OR “Investment”[Mesh] 

Embase and Google Scholar Search Strategy 

Long 

Search 

#1 And # 2 And # 3 

#1 Chronic 

Disease 

(“Chronic Disease” OR “Heart Disease” OR “Cardiac Diseases” OR 

“Stroke” OR “cancer” OR “Neoplasms” OR “type 2 diabetes” OR 

“Diabetes” OR “obesity” OR “arthritis”) 

#2 

Intervention 

(“health promotion” OR “Wellness Programs” OR “Health 

Campaigns” OR ‘‘prevention’’ OR “health” OR “wellbeing” OR 
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2.3 Study Selection 

From the initial yield, each article’s title and abstract were reviewed for relevance, 

defined as containing at least one behavioral intervention, targeting at least one chronic disease, 

and a claim of cost savings or positive ROI. The reference list of each article was scanned to 

identify any citations that were not initially captured. Final decision of inclusion was made after 

review of the entire manuscript. Literature review, systematic review, and editorials were 

excluded. 

2.4 Data Collection Process 

Data extraction was performed independently by one reviewer. Information was extracted 

for each including the affiliation of authors, program provider, study design, duration, the number 

of participants and control in these studies, participant eligibility, the type of the intervention, the 

‘‘weight management’’ OR ‘‘disease management’’ OR 

“behavioral” OR “counseling” OR “education”, OR “self 

management” ) 

#3 

Economic 

filters 

(“net cost” OR “cost saving” OR “Costs and Cost Analyses” OR 

“Cost Comparison” OR “Cost” OR “Return on Investment” OR 

“Investment” 

* Long search performed on January 23, 2017, yielded Pubmed (525), Embase (255), and 

Google Scholar (1210) studies. 
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duration of the intervention, outcome measure, cost of the program, benefit of the program, ROI, 

and the ROI calculation method.  

We developed a data extraction sheet (based on the PRISMA template), pilot-tested it on 

three randomly-selected included studies. The initial result was checked with mentor to ensure 

accuracy. Then extracted the above information from included studies.   

2.5 Methodological Quality Assessment 

The methodological quality of studies was assessed using the Quality of Health 

Economic Studies (QHES) instrument (Ofman et al., 2003). It consists of 16 criteria in the form 

of “yes or no” questions that were selected by a panel of 8 experts in health economics (Ofman et 

al., 2003). Each question has a weighted point value ranging from 1-9, which are used to generate 

a summary score from 0-100 (Ofman et al., 2003). QHES scores below 50 are considered to be of 

poor quality (Ofman et al., 2003; Spiegel et al., 2004).  

We applied the QHES questionnaire to assess the methodological rigor of all identified 

studies. Results from the studies falling below the cutoff line are considered poor quality. 

However, studies that exceed the threshold may still contain biases and/or other shortcomings that 

undermine the credibility of the conclusions. Therefore, we conducted in-depth methodological 

reviews on studies exceeding the threshold to identify potential biases and other concerns. For 

these studies, we focus mainly on three key aspects of the study: 1) Does it include a clinical 

endpoint as a mediating factor between the intervention and cost savings, 2) does the design 
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adequately control for potential biases, and 3) does the study incorporate sensitivity analyses 

around key variables. 

 

3. Result 

 
Figure 1: Flow Diagram of Study Selection. 
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The search process identified a total of 927 articles after excluding duplications, 

including 525 from PubMed, 255 from EMBASE database, 1210 from Google Scholar and 6 

from the reference of articles. 19 articles fulfilled our inclusion criteria. Fig. 1 shows the flow 

diagram for the study selection from the three databases. 

Table 2 summarizes the key features of the studies. Three types of chronic disease 

intervention programs were identified based on their principal emphasis and target population: (1) 

Community Chronic Disease Intervention Programs (n = 6); (2) Worksite Wellness Programs (n 

= 9); and (3) Clinic Chronic Disease Management Programs (n = 4). The majority of the studies 

used non-randomized designs, including ten case control studies, five pre-post studies, and three 

model simulation studies. Compared to randomized designs, these studies are more prone to 

selection bias and omitted variable bias (Sterne et al., 2016). Only one study used a randomized 

design (Table 2). 

3.1 Results of quality QHES scoring among 19 studies 

For all studies combined, the questions of the Quality of Health Economic Studies 

(QHES) instrument that were most frequently addressed in the studies related to the specification 

of clear, measurable objectives (Q1) (19 of 19), study perspective (Q2) (12 of 19), pre-

specification of subgroups for subgroup analyses (Q4) (11 of 19), and the inclusion of appropriate 

reliable and valid economic outcomes (Q10) (14 of 19) (Fig. 2). By comparison, the areas of the 

QHES questions that were not well addressed related to use the best study methodology possible 
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(Q3) (6 of 19), the handling of uncertainty (Q5) (5 of 19), whether the duration of the study 

allowed for all important or relevant outcomes to be captured (Q8) (2 of 19), discussion of 

potential biases (Q14) (9 of 19), and other methodological items such as the inclusion of 

appropriate reliable and valid health outcomes (Q11) (6 of 19), data abstraction methods (Q7) (6 

of 19) appropriate economic modeling (Q6, Q12, Q13) (1 of 19, 4 of 19, 5 of 19), justified 

conclusions based on study results (Q15) (9 of 19), and disclosure of the study funding source 

(Q16) (5 of 19). 

 
Figure 2: Percentage of Studies Included in The Review Addressing Each Question 

of The QHES Instrument (N=19). 

Component scores for each study are shown in Table 4, with summary scores included in 

Figure 3. The figure shows that only 3 of the 19 studies had a score above the 50% cutoff for 
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what is considered a high quality study. These are Ozminkowski et al. (1999), Brennan et al. 

(2012), and Maeng et al. (2013) with respective ROIs of $4.56-4.73, $3, and $1.52. However, 

confidence intervals reveal that Maeng’s estimate is not statistically significant, therefore, the 

authors cannot reject the null hypothesis of no ROI. This leaves only two studies that may 

provide convincing evidence of a potential ROI. 

 
Figure 3: QHES Instrument Score Summary for All Studies (N=19). 

3.2 Detailed Analysis of Studies That Passed QHES Cutoff 

Ozminkowski’s (1999) case-control study examined the net medical expenditures of 

22,838 self-selected participants and 11,644 non-participants. The study did not include any 

evidence of improvements in clinical endpoints or variables that would act as indicators for the 

cost savings. The study confounded by the classical issue of self-selection and non-comparable 

comparison groups. Characteristics for intervention and control group participants differed at 



 

  

 

11 

baseline for several key indicators, including coverage type, job type, salary, the department they 

were working, and gender.  

Pre- and post-period logistic and ordinary least-squares regressions were carried out to 

assess the difference in medical expenditure, and examine the odds ratio for different variables 

between active and control group over the time horizon. However, there is a predicted direction 

of bias due to the selection of participants into the study. Non-participant in the study are more 

likely to be hourly wage earners, earn less income, and be on a single health coverage (as 

opposed to family coverage); all of which affect health-seeking behavior as a result of less job 

security, less money, more stress, and more expensive health insurance. Also, no confidence 

interval was found in the ROI evaluation. 

Brennan’s (2012) case-control study consisted 5,123 self-selected participants and 24,124 

matched non-employees control group based on sex, age, Ingenix pharmacy risk group score, 

preferred pharmacy, and medication possession ratio. However, the authors did not describe how 

the matching was done. Key characteristics like pharmacy risk group score, age, and median 

household income were significant different in baseline between intervention and control group, 

which made the study vulnerable to selection bias and confounding.  

A six-month time horizon was used in this study. The authors did not quantify ROI as 

part of their study. The ROI was only speculated in the discussion section using models from 

other studies that look at the present value of future cost savings from improved medication 
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adherence. It makes the positive ROI claim dubious in this study. Despite the limitations in the 

economic analysis, the authors claimed in the abstract that the study showed a positive ROI as a 

main finding of the study.  

 The study also did not report a valuation method for the cost offset. The authors did not 

describe how adherence was defined. Segment linear regression was performed to estimate the 

change in adherence, however, the authors did not explain their segmentation methods. Also, no 

confidence interval or probability distribution was found out throughout the study. 
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Table 2: Summary of Key Characteristics of Studies Included in The Review 

 
   Sample Size  

Intervention 
Program Cost 

Intervention 
Program Benefits ROI 

Authors Type Study 
Design Intervention Control 

Time 
Horizon 
(Years) 

Cost ($) Unit Benefit ($) Unit Perspective ROI 
($) 

Ackerman et al., 
2006 Community M 3234 0 3 NA - 2,136 PP Private Payer 1 

Berg et al., 2002 Community PP 127 0 1 49,429 T 214,486 T NA 4.34 
Ramalho de 
Oliveira et al., 
2010 

Community PP 9068 0 10 2,258,302 T 2,913,850 T Health service 
provider 1.29 

Snyder et al., 
2003 Community PP 422 0 3 415,533 T 1,402,071 T Program 

Purchaser 3.37 

Fries and 
McShane, 1998 Community CC 2586 89652 0.5 50 PPP6 484 PPP6 NA 6 

Su et al., 2016 Community M 2371 0 3 NA - NA - NA 1.07 

Berg et al., 2004 Clinic CC 533 236 1 619,902 T 1,430,281 T Employer 2.31 
Spence et al., 
2014 Clinic CC 1480 1477 1 1,713,468 T 11,640,296 T Health plan 

provider 5.79 

Newton et al., 
2006 Clinic M NA NA 1 NA - 2,224,029 T NA 4.67 

Moore et al., 2013 Clinic CC 2250 2250 1 478 PPPY 977 PPPY NA 2 

Davis et al., 2009 Worksite PP 300 0 4 750,000 T NA - Employer 2.43 
Ozminkowski et 
al., 1999 Worksite CC 22838 11644 1.5 1,879,522 T 8,888,730 T Employer 4.56-

4.73 
Brennan et al., 
2012 Worksite CC 5123 24124 0.5 200,000 T 830,000 T Health care 

provider 3 

Maeng et al., 
2013 Worksite CC 4895 12077 5 NA - 70 PPPQ Employer 1.52 
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Milani and Lavie, 
2009 Worksite RCT 185 154 1 NA - 983 PPPY NA 6 

Caloyeras, et 
al.,2014 Worksite CC 22204 22204 7 NA - 360 PPPY Employer 1.46 

Serxner, et al., 
2012 Worksite CC 65401 64828 3 12,207,000 T 29,940,000 T Employer 2.45 

Johannigman, et 
al., 2010 Worksite PP 216 0 1 10,000 T 1,110 PPPY Employer 2.21 

Henke et al., 2011 Worksite CC 31823 31823 7 300 PPPY 565 PPPY Employer 1.88-
3.92 

ROI = return on investment; RCT = randomized control trial; CC = case control; PP = pre-post; M = modeling study; PP = Per person; PPPQ = Per 
person per quarter; PPPY = Per person per year; T = total program cost over the evaluation period. B/C = benefit / cost; (B-C)/C = (benefit-
cost)/cost 

 
Table 3: Summary of QHES score and breakdown of Studies Included in The Review 

   Studies* 
# Questions Points 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 Was the study objective presented in a clear, 
specific, and measurable manner? 7 * * * * * * * * * * * * * * * * * * * 

2 
Were the perspective of the analysis (societal, 
third-party payer, etc.) and reasons for its 
selection stated? 

4 * * * * * *  *    * * * * * *   

3 
Were variable estimates used in the analysis from 
the best available source (i.e., randomized control 
trial - best, expert opinion - worst)? 

8  *   *    *  * * *       

4 
If estimates came from a subgroup analysis, were 
the groups prespecified at the beginning of the 
study? 

1  * *  * *  *  * *   *   * * * 

5 Was uncertainty handled by (1) statistical analysis 9   * * * *             * 
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to address random events, (2) sensitivity analysis 
to cover a range of assumptions? 

6 Was incremental analysis performed between 
alternatives for resources and costs? 6              *      

7 
Was the methodology for data abstraction 
(including the value of health states and other 
benefits) stated? 

5      *  *    *  *  * *   

8 

Did the analytic horizon allow time for all 
relevant and important outcomes? Were benefits 
and costs that went beyond 1 year discounted (3% 
to 5%) and justification given for the discount 
rate? 

7 *  *                 

9 
Was the measurement of costs appropriate and 
the methodology for the estimation of quantities 
and unit costs clearly described? 

8   *           *      

10 

Were the primary outcome measure(s) for the 
economic evaluation clearly stated and did they 
include the major short-term was justification 
given for the measures/scales used? 

6 *  *  * * * *  * * * *  * * * *  

11 

Were the health outcomes measures/scales valid 
and reliable? If previously tested valid and 
reliable measures were not available, was 
justification given for the measures/scales used? 

7     *   *  *    * *    * 

12 

Were the economic model (including structure), 
study methods and analysis, and the components 
of the numerator and denominator displayed in a 
clear, transparent manner? 

8  * *  * *              

13 
Were the choice of economic model, main 
assumptions, and limitations of the study stated 
and justified? 

7  * * * * *              

14 Did the author(s) explicitly discuss direction and 
magnitude of potential biases? 6  * *   * * *    * *    * *  

15 Were the conclusions/recommendations of the 8 * *   * *  *  * * *  *      
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study justified and based on the study results? 

16 Was there a statement disclosing the source of 
funding for the study? 3   *  *     *    *   *   

 Total Points 100 32 41 66 27 56 61 19 44 7 32 30 36 23 49 24 22 32 20 24 
*Study number was assigned to studies according to the alphabetical order of their article titles.  
1 - Davis et al., 2009; 2 - Berg et al., 2004; 3 - Ozminkowski et al., 1999; 4 - Ackerman et al., 2006; 5 - Brennan et al., 2012; 6 - Maeng et al., 
2013; 7 - Berg et al., 2002; 8 - Spence et al., 2014; 9 - Newton and Young., 2006; 10 - Moore et al., 2007; 11 - Milani and Lavie, 2009; 12 - 
Caloyeras et al., 2014; 13 - Serxner et al., 2012; 14 - Ramalho de Oliveira et al., 2010; 15 - Johannigman et al., 2010; 16 - Snyder et al., 2003; 17 - 
Henke et al., 2011; 18 - Fries et al., 1998; 19 - Su et al., 2016
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4. Discussion 
Based on this systematic review, we do not find sufficient evidence to support the claims 

of a positive ROI for chronic disease behavioral intervention programs in community, clinic, or 

workplace setting. There are no methodologically robust studies for any single type of program. 

The majority of the studies (84%) we reviewed were considered poor quality based on QHES 

Instrument. For the three studies passed cutoff score, weak study design and other shortcomings 

also called their results into question. The studies reviewed did not adhere to current standards for 

reporting economic evaluations, and due to their vulnerability to bias, they provide a very limited 

evidence base to guide decision-makers in other settings. These findings are concerning and 

reflect the need for future economic evaluations of the ROI for chronic disease behavioral 

interventions that better address the criteria outlined in the QHES. 

Transparency in the economic analysis and cost components is another important aspect 

in economic evaluations we found lacking across studies reviewed. Unclear reporting of 

estimation of resource use and costs may make it hard to judge applicability in a different 

healthcare setting, which leads to low external validity. Lack of transparency also likely to cause 

reporting bias, which amplified by the lack of funding source and potential conflict of interest 

from the authors.  

This review had its weaknesses. Although we made an effort to be as comprehensive as 

possible in our search, articles may have been missed by the single reviewer. We did not reach 

out to the authors of studies to obtain information that may have been available but not in the 

articles themselves. Length restrictions on manuscripts may have discouraged the inclusion of 

important study details. This review’s strengths included the use of a structured, multidisciplinary 
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search and review process. This review also benefited from its consideration of both study design 

and execution. 

A persistent barrier to developing a critical mass of high-quality research is the absence 

of standardization. Even within program categories, we found a lack of consistency in program 

elements, employee eligibility criteria, outcome, and the performance metrics used to assess 

impact. The consistency problem has been identified previously, but little effort has been made to 

rectify these issues. With the demand for chronic disease behavioral intervention increase, the 

need for high-quality evaluation may generate an incentive for producing high methodological 

research. However, for now, the evidence stakeholders need to make sound choices remains a 

critical missing part of the puzzle. 

5. Conclusion 
This paper demonstrates economic evaluations yield positive ROI on chronic disease 

behavioral interventions have limited methodological quality and their results should be 

interpreted with caution. The rationale behind chronic disease behavioral interventions is the 

improvement in risk factors and its associated conditions. However, the health outcome form 

such programs usually do not materialize for years or even decades into the future. Therefore, the 

evidence coming from methodologically poor studies may force decision-makers to make 

uninformed decisions on employ such programs and expect quick returns. It is important to 

improve the methodology and reporting of economic evaluations so that decisions based on ROI 

are informed by robust evidence of improvements in chronic conditions and in a reasonable time 

horizon. Future economic evaluations of chronic disease behavioral intervention should adhere to 

standard guidelines on economic evaluations. 
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Appendix A. Background 

a. Chronic disease burden 

Chronic diseases have emerged as a major challenge to health systems around the globe 

in the past decade. Over two-third of global deaths in 2010 can trace back to one of four chronic 

diseases: chorionic respiratory diseases, cardiovascular disease, cancer, and diabetes (Bauer et al., 

2014). Global burden of disease is continually showing the shift from communicable disease to 

non-communicable disease since indicated the emergence of the problem and identified key risk 

factors that liable for the trends, including tobacco smoking, alcohol use, high blood pressure, 

high BMI, and unhealthy diets. 

Risk factors, social and environmental factors, along with increased life expectancy are 

the three major components responsible for chronic disease epidemiology in the USA (NCHS, 

2013). The Health system is burdened by the increasing number and rates of chronic disease that 

demands allocate a significant proportion of budget and resources to tackle the issue.  

In the USA, key modifiable behavior risk factors including tobacco smoking, alcohol 

consumption, unhealthy diets, and physical inactivity primarily responsible for the burden of 

chronic disease (Woolf & Aron, 2013). Tobacco smoking is the most avoidable cause of chronic 

disease in the USA according to the Surgeon General’s reports since 1964. The CDC (2009) 

estimate smoking or secondhand smoke exposure accounts for more than 440,000 premature 

death annually. Although tobacco control program can significantly reduce tobacco use epidemic 

and tobacco-related disease, smoking rates remained unimproved from 2003 to 2007 with more 

than 1/5 of American still smoke (CDC, 2009). Research shows that despite 70% of smokers in 
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the USA have the intention to quit smoke, yet most of the attempts are unaided and unsuccessful 

(Fiore et al., 2000).  

Alcohol consumption is the third lifestyle-related cause of death, chronic disease and 

social problems in the USA. Although current Dietary Guidelines for Americans specifically 

outlines the recommended alcoholic beverage consumption amount per day and specified 

population should avoid drinking the alcoholic beverage, the survey shows about 30% of adult 

alcoholic beverage consumer report over drinking up to 4 times more than recommended amount 

in the past 30 days (Blazer & Wu, 2009). Despite the National Minimum Legal Drinking Act that 

enforce a minimum legal drinking age of 21 nationwide, about 45% of high school students report 

consuming alcohol in the past 30days, among which 60% reported binge drinking over 5 times 

more than recommended amount in the past 30 days (Naimi et al., 2007; Miller et al., 2007). 

Intervention for preventing heavy episodic drinking are often overlooked and associated with the 

stigma of addiction.  

The risk of many chronic diseases, like cardiovascular disease and diabetes, can be 

reduced by the assistance of a balanced diet. Dietary Guidelines for Americans suggested 5 or 

more servings of fruits and vegetables per day per adults maintain a healthy diet. However, less 

than 1/4 of adults consume the recommended amount of fruits and vegetables per day (CDC, 

2009). Another major dietary issue lies in saturated fat consumption, as more than 60% of 

children and teenage eat more than recommended saturated fat in their diet in the USA (CDC, 

2009). Thus, increase their risk of diabetes, hyperlipidemia, high blood pressure, and eventually 

chronic illness. 

Lastly, physical inactivity greatly increases the potential exposure to overweight, type 2 

diabetes, cardiovascular disease, and metabolic syndrome (CDC, 2009). CDC Physical Activity 
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Guidelines for Americans recommends a minimum of 150 minutes of moderate-intensity aerobic 

activity each week, including running, brisk walking, play sports, and swimming. Regular 

physical activity can a low-cost measure a person can take to stay healthy. However, more than 

60% of adults and 25% of teenager failed to meet the minimum recommendations according to a 

2007 national survey. Also, a reduction in the participation rate in high school physical education 

classes and a spike of student spend more than 3 hours per day on computer or television has 

added to the problem of physical inactivity (CDC, 2009).  

In the USA, the distribution of the burden of chronic disease follows a certain 

demographic and geographical pattern. Factors such as education level, incomes, races or ethnic 

backgrounds, geographical locations can cause disadvantages and vulnerability when affected by 

chronic diseases (Braveman et al., 2011). For example, studies reveal that Southeastern states 

have highest death rate caused by stroke, and low education or low-income population have the 

highest obesity rates (CDC, 2013). Although many important determining factors of health, like 

poverty or education, are not directly addressed by the health sector, the consequences of those 

social and economic factors can be mitigated by target interventions through reaching the 

population suffers the most from burden of disease (Mokdad et al., 2004). 

Life expectancy at birth in the USA sees a steady increase since 1993 at 76.5 years for 

males, and 81.3 for the female in 2014 (WHO, 2014). Increased longevity directly links to the 

increased prevalence of many age-related chronic diseases, along with disability, and end-of-life 

issues. The great challenge on macroeconomic burden as well as healthcare resource allocation 

came with an aging society lead by Baby Boom generation (Knickman & Snell, 2002).  

Despite the substantial improvement in some chronic conditions including smoking and 

uncontrolled hypertension. Many preventable chronic diseases with effective intervention 
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methods still dominant top-ranked risk factors and preventable causes of death in the USA (Bauer 

et al., 2014).   

b. Chronic disease management program 

Research suggests that risk factors for chronic disease can be adequately addressed by 

modifying health behaviors (Long et all, 2010). Early detection and better management within the 

health-care system can improve outcomes, slow disease progression, mitigate complications, and 

avert adverse outcomes. For people at high risk for chronic conditions, community-deployed and 

evidence-based disease management programs can help to improve the quality of life, reduce the 

number of health-care visits needed to maintain good health, and ultimately reduce health cost 

(Bauer et al., 2014). 

The chronic disease management programs are active prevention and control 

interventions focused on the needs of certain participants or community with or at high risk of 

chronic disease. Chronic disease management program usually includes multidisciplinary 

collaboration including healthcare professionals, patient education, and patient self-management 

to improve health outcome and QALYs while reducing healthcare burden and cost (Bodenheimer 

et al., 2002). Interventions employed by chronic disease management program usually aim to 

assist patient’s behavioral change in achieving desired health outcome. Chronic disease 

management can deploy in different patient groups with different chronic conditions and various 

health care setting. 

Community, workplace and clinic based management programs can effectively address 

high burden chronic diseases including obesity, hypertension, and diabetes (Bauer et al., 2014). 

These management programs create an environment that supports and ensures that participants 
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have what is needed to manage chronic conditions outside clinical setting. Through interventions 

like risk assessment, physical activities, nutrition consulting, and health education to reduce risk 

factors, and ultimately prevent chronic diseases. 

Economic evaluations of chronic disease management programs are a standard method 

undertaken to assess benefits, either potential or realized, for a given cost of program 

implementation. Cost-effectiveness analysis, a significant economic evaluation tool in the health 

sector, has been widely deployed to aid policy-makers for the decision-making process. The 

literature on the cost-effectiveness of chronic disease management program is extensive. 

Although many chronic disease management program shows a good value (defined as costing 

less than $100,000 per Quality Adjusted Life Year), only two intervention - childhood 

immunizations and aspirin low dosage counseling for adults are widely regarded as cost-saving 

(Neumann & Cohen, 2009). Furthermore, cost-effectiveness does not necessarily translate to cost-

saving. Cost-effectiveness analysis focuses on reducing risk factor that leads to increasing 

QALYs, while cost saving study focuses on the reduction of direct health cost and indirect health 

benefit. While a program is cost effective, costs to reduce risk factors, screening costs, and the 

cost of treatment when diseases are found may not be cost saving against the investment and 

maintenance cost for chronic disease management program. 

c. Wellness program 

Firms have become increasingly interested in preventing chronic illness and reducing 

associated costs over the last decade (Goetzel & Ozminkowski, 2008). The workplace is a unique 

environment where the employee spends a considerable amount of time. According to Gallup 

Consulting report (Gallup, 2016), an average adult employee working 34.4 hours a week with a 
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full-time adult employee working an average of 47 hours per week in the USA. Potential cost-

saving and financial benefits for employers, employees as well as healthcare providers are the 

primary driver of this growing interest, which eventually prompts a whole industry around 

worksite healthcare cost reduction (Mattke et al., 2013).  

The workplace wellness program is a chronic disease management program aim to 

promote healthy behavior and improve health outcomes in a workplace setting (Goetzel & 

Ozminkowski, 2008). Wellness program often employed health education, activities, weight 

management programs, health consoling, or nutrition advising to achieve behavioral change. 

Similar to the three level of disease prevention, wellness program interventions can be 

categorized into the primary, secondary and tertiary intervention based on their primary goal. 

Primary prevention aims to prevent chronic disease before it occurs. Primary intervention, such as 

exercise or healthy diet, helps encourage relatively healthy employees to maintain their healthy 

status and reduce the potential risk of chronic disease. Secondary prevention aims to reduce the 

impact of chronic disease at its early stage. Secondary intervention, such as tobacco use 

management or health risk assessment, eliminate risk factor and behavior to reduce the possibility 

that chronic disease that may occur. Tertiary prevention aims to soften the impact of existing 

chronic disease. Tertiary intervention, such as self-management, helps slow the progression of 

chronic disease, or to reduce symptoms by increasing medical adherence.  

Firms often subsidize the cost for wellness program or provide a cash incentive for 

completion in the hope that such program will save money in the long term by improving 

employee health, productivity, and overall working spirit (Mattke et al., 2013). The Kaiser Family 

Foundation 2016 annual survey on employer-sponsored health plans shows a steady increase of 

interests in workplace chronic diseases management programs (also known as wellness program) 
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by employers since 2013 (Kaiser, 2016). The report shows that 83% of all organizations with 200 

or more employees offer at least one wellness program to their employees, among which 32% 

have incentives in place to encourage employees to participate in or complete wellness program. 

The report also shows an increase in health risk assessment program provided in organizations 

with 200 or more employees, with a record high 59% implementation rate among large 

organizations surveyed in survey history. Similar trends can be seen in small organizations with 

less than 200 employees as well, a record high 46% of small organizations offered at least one 

wellness program (Kaiser, 2016). Compare to 2013 Kaiser survey, almost all indicators show a 

positive increase in program adoption in 2016 Kaiser survey, suggest an increasing adoption of 

workplace wellness program. It is also worth noting that average annual total premium for single 

employee and employer increased 2.2% from 2015, compare to the national average of 4% 

increase from 2015 before tax credit and 1.5% after (Kaiser, 2013 & Kaiser, 2016).  

However, low participation in workplace wellness program may significantly limit the 

potential benefits and offset savings. The previous study on workplace wellness program 

participation indicates an average of 33% participation rate among 23 included wellness 

programs, with lowest at 10% and highest at 64% (Robroek et al., 2009). Robroek et al. (2009) 

suggest married employees show higher interest in participating workplace wellness program, and 

women show a higher participation rate in wellness program than men. Other studies identified 

full-time employees, secured contract employees, older in age, and small company employees 

display relatively high participation rate in workplace wellness program (Person et al., 2010). 

Most organization prefer wellness programs over other approaches such as on-site health 

clinics, narrow network, or private exchanges. The reason for such preference is due to over 71 

percent of all firms considered wellness program saves money per 2013 Kaiser survey (Kaiser, 
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2013). Firms believe in wellness program as a cost-saving chronic disease intervention is largely 

because of the heavily promoted concept of Return on Investment (ROI). Prior studies published 

in peered review journal suggested a high ROI from $3.27 to $5.82 across implemented wellness 

programs (Baicker et al., 2010). Similar high ROI can be found in disease management program 

as RAND Cooperation survey in 2013, which suggested an overall ROI of $3.80. These results 

have been overwhelmingly adopted by gray literature such as promotional reports, news release, 

and policy brief regarding chronic disease management program to market their own products 

and programs. 

d. Gray Literature 

The term Gray literature is officially defined in 1997 as “produced at all levels of 

governmental, academics, business and industry in print and electronic formats, but which is not 

controlled by commercial publishers" at the Third International Conference on Grey Literature 

(Auger, 1998). Gray literature often not formally peer-reviewed and often can be found on the 

internet with open access. An example of gray literature includes articles from policy brief, 

government publications, promotion material, news article, unpublished data, research reports, 

and student thesis. 

Gray literature often used by organizations to store and share information for quicker and 

wider distribution compared to the peer-reviewed journal and book publishing (Hopewell et al., 

2007). An example of gray literature includes government publications like early findings for 

sponsored study; briefings for a status update or troubleshooting; white papers for policy 

evaluation and advocacy; and many other forms and reasons. Organizations can share it with 

relevant parties without delays, complications, and restrictions of academic publishing. In most 
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cases, these literatures are openly accessible without a charge, and with little to none incentive or 

reasons to publish in academic journals or books.  

Gray literature is often considered as a less reliable, significant, and recognized format 

than articles in a peer-reviewed journal by the academic community (Hopewell et al., 2007). The 

quality and validity of gray literature varies by the creator, and highly dependent on the 

organizational reputation. The reason for such inconsistency is mainly caused by lack of an 

extensive and rigorous methodology and bibliographic control (Lawrence et al., 2014). Gray 

literature often lack basic information like name of the authors, affiliations, and publish dates. 

Also, lack of a professional layout and formats and non-conventional distribution make searching, 

citing and organizing gray literature complicate compared to peer-reviewed journal and books 

(Auger, 1998). Furthermore, gray literature often has a low print count and lack of a permanent 

Uniform Resource Locator (URL) or Digital Object Identifier (DOI), make it hard to access and 

hard to cite (Lawrence et al., 2014).  

Gray literature starts to gain recognition in some academic fields as a good recourse to 

reduce public bias in research. Social science researchers show that unpublished studies often 

provide smaller experimental effects than published articles (Glass, 1981). A Recent review in 

health research also suggested that published trials provided a higher overall treatment effect than 

gray literature trails (Hopewell et al., 2007). 

Gray literature that is promoting wellness program usually produced by parties who have 

interests in chronic disease management program, such as program provider, health insurance 

company, and government. Most gray literature cites cost saving results from published journals 

as tools to claim their program can yield similar cost-saving results. Most ROI number adapted by 

the gray literature advertising chronic disease management program can chase back to one of the 
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cooperation in-house evaluation such as Citibank, PepsiCo, or Johnson & Johnson Company 

(Lerner et al., 2013). Almost none of the gray literature conduct either an experimental or quasi-

experimental research design to examine their claim of positive ROI. 

Rigorous study design and financial impact evaluation can eliminate potential bias and 

error in economic evaluation. However, quality of economic evaluations of such programs varies. 

Some of the studies are conducted by firms providing such service and thus cast doubts on their 

credibility (Lerner et al., 2013). Furthermore, most of the studies consider mainly the short-term 

effects of the intervention like weight loss, which will not be sustained in many cases. Lerner et 

al. (2013) addressed in their most recent review of methodology quality in wellness program 

study, that low methodological quality of economic evaluations hinders the credibility of 

estimation about cost saving. This finding echoes with Warner et al. (1988) on study design and 

methodological quality inconsistencies of economic evaluation (Warner et al., 1988). Recent 

evidence from Dongen et al. (2011) further identified that study design affects the accuracy of 

reported financial outcomes, concluding that randomized control trials (RCTs) were more likely 

to render a negative financial return. 
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Appendix B. CHEERS Checklist 

Studies were also scored against a modified version of Consolidated Health Economic 

Evaluation Reporting Standards (CHEERS), a guideline of methodological and essential elements 

to improve robustness of economic evaluations (Husereau et al., 2013). We modified original 

CHEERS checklist to include indicators that are most relevant for our research question (Table 

4). The CHEERS checklist was mainly used to check the consistency of scoring each article due 

to the limitation of only one reviewer was employed during the process. 

We employed the following scoring algorithm to provide a methodology quality score for 

each study. 21 indicators in modified CHEERS checklist were given equal weight. Each study 

was assessed against all 21 indicators. If the methodology of this study passes the criteria, the 

value of this indicator for this study will be given a 1, otherwise 0. If the study uses a biased 

design then the result was discounted no matter the score. The total methodology score of each 

individual study was calculated following the equation below: 

MSa = !"#$%&,(()*    / 21 × 100 

Where: 

MSa is the methodological score of study a according to CHEERS checklist, 

Scorea, i is the score of study a on indicator i (can only take the value of 0 or 1), 

and 21 is the total number of indicators. 

Table 4: Modified Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) Checklist 

Baseline 1 Describe characteristics of the base case population and subgroups 
analysed, including why they were chosen. 

Setting and location  2 State relevant aspects of the system(s) in which the decision(s) 
need(s) to be made. 
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Study perspective 3 Describe the perspective of the study and relate this to the costs 
being evaluated. 

Comparators / 
alternatives 

4 Describe the interventions or strategies being compared and state 
why they were chosen. 

Time horizon 5 State the time horizon(s) over which costs and consequences are 
being evaluated and say why appropriate. 

Discount rate 6 Report the choice of discount rate(s) used for costs and outcomes 
and say why appropriate. 

Choice of outcomes 7 Describe what outcomes were used as the measure(s) of benefit in 
the evaluation and their relevance for the type of analysis 
performed. 

Choice of Economic 
Evaluation 

8 Was the choice of form of economic evaluation stated and justified 
in relation to the questions 
addressed? 

Effectiveness 9 Describe fully the design features of the single effectiveness study 
and why the single study was a sufficient source of clinical 
effectiveness data. 

Confidence intervals 11 Descrine the details of statistical test(s) and confidence intervals 
given for ROI. 

Price date 12 Report the dates of the estimated resource quantities and unit costs. 
Describe methods for adjusting estimated unit costs to the year of 
reported costs if necessary.  

Explain Choice of model 13 Describe and give reasons for the specific type of decision-
analytical model used. Providing a figure to show model structure is 
strongly recommended. 

Assumptions 14 Describe all structural or other assumptions underpinning the 
decision-analytical model. 

Analytical methods 15 Describe all analytical methods supporting the evaluation. This 
could include methods for dealing with skewed, missing, or 
censored data; extrapolation methods; methods for pooling data; 
approaches to validate or make adjustments (such as half cycle 
corrections) to a model; and methods for handling population 
heterogeneity and uncertainty. 

Costs and outcomes 16 For each intervention, report mean values for the main categories of 
estimated costs and outcomes of interest, as well as mean 
differences between the comparator groups. If applicable, report 
incremental cost-effectiveness ratios. 

Characterizing 
uncertainty 

17 
(a) 

Single study-based economic evaluation: Describe the effects of 
sampling uncertainty for the estimated incremental cost and 
incremental effectiveness parameters, together with the impact of 
methodological assumptions. 

17 
(b) 

Model-based economic evaluation: Describe the effects on the 
results of uncertainty for all input parameters, and uncertainty 
related to the structure of the model and assumptions. 
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Characterizing 
heterogeneity 

18 If applicable, report differences in costs, outcomes, or cost-
effectiveness that can be explained by variations between subgroups 
of patients with different baseline characteristics or other observed 
variability in effects that are not reducible by more information. 

Limitation 19 Discuss limitations and the generalizability of the findings and how 
the findings fit with current knowledge. 

Source of funding 20 Describe how the study was funded and the role of the funder in the 
identification, design, conduct, and reporting of the analysis. 
Describe other non-monetary sources of support. 

Conflicts of interest 21 Describe any potential for conflict of interest of study contributors 
in accordance with journal policy.  

 

Rating the studies with the modified CHEERS checklist produced scores ranging from 13 

to 72 with a mean of 34.5 (SD=14.6). Approximately 90% of the studies rated had scores less 

than 50 (n= 17), while only 10% had scores above or equal to 50 (n = 2) (Table 5).  

Table 5: Modified Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) Checklist 

Score Number of 
Studies 

% 

0-24 4 21 
25-49 12 63 
50-74 3 16 
75-100 0 0 
Total 19 100 
Average score: 34.5; standard deviation: 14.6 

 

Table 6 presents information regarding how frequently each CHEERS criterion was met 

by the 19 studies.  

Table 6: Frequency of Each Criterion Met by ROI Studies in Chronic Disease 
Intervention Program (N= 19) 

 
Item # Indicators  Frequency  % Studies 

1 Baseline 11 58 
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2 Setting and location  15 79 

3 Study perspective 13 68 

4 Comparators / alternatives 3 16 

5 Time horizon 19 100 

6 Discount rate 2 11 

7 Choice of outcomes 19 100 

8 Choice of economic evaluation 0 0 

9 Effectiveness 9 47 

10 Confidence intervals 1 5 

11 Price date 0 0 

12 Explain Choice of model 5 26 

13 Assumptions 0 0 

14 Analytical methods 4 21 

15 Study parameters 1 5 

16 Incremental cost and outcomes 1 5 

17 Characterizing uncertainty 5 26 

18 Characterizing heterogeneity 5 26 

19 Limitation 9 47 

20 Source of funding 5 26 

21 Conflicts of interest 5 26 
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 Linear regression was performed between CHEERS checklist score and QHES 

instrument score (Fig. 4). The results show a strong linear correlation (r2 = 0.756, p<0.0001), 

which suggests relative strong consistent over the two evaluation methods on methodology.  

 

Figure 4: Linear Regression Plot of QHES Instrument Score and CHEERS 
Checklist Score. 

 

a. Analysis of Each Criterion 

a.1 Baseline & Setting and location 

Lack of baseline lead to selection bias caused by imbalance between active and control 

groups. However, only half of the studies (58%) described characteristics of the base case 

population and subgroups analyzed, including why they were chosen. Although most of the 

studies (79%) described the study setting and location for study groups, selection bias and 

performance bias remains a threat since difference in setting and location may introduce 

systematic differences between groups in the intervention that was provided.  
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a.2 Study perspective 

Most of the studies (68%) clearly stated their study perspective. Among these, seven 

reported the use of employer perspective, two reported health care perspective, one reported 

hospital perspective, one reported program purchaser perspective, and on reported private payer 

perspective. Lack of a clear study perspective cast doubt on the credibility of the study because 

cost-saving may vary with the perspective and an intervention which is cost-saving from one 

viewpoint and may not be from another.  

a.3 Comparators / alternatives 

Only three studies (16%) described any interventions or strategies (include status quo) 

being compared and stated why they were chosen. This is important for case-control and RCTs to 

control unintended exposure to interventions in the control group.  

a.4 Discount rate & Price date 

Only two studies (11%) reported discount rates used for costs and outcomes. Consider ten 

studies had time horizon that longer than 1 year, lack of discount rate raise concern over external 

validity and credibility of the economic evaluation. Furthermore, none of the study stated price 

date or adjusted cost to the year of report.  

a.5 Choice of outcomes & Time horizon 

All of the studies describe what outcomes were used as the measure of benefit in the 

evaluation. The commonly used outcome measures in studies were health care cost, hospitalize 

rate, absentness, and length of hospital stay. All study stated time horizon of cost and benefits, 

which is another fundamental aspect in study design and economic evaluation. 
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a.6 Choice of economic evaluation 

None of the studies describe their choice of economic evaluation. This raises concern 

over reporting bias, that unfavorable findings might be unreported.  

a.7 Measurement of effectiveness 

Less than half (47%) of the study describe why the single study was a sufficient source 

for program effectiveness. This indicator is important for external validity as it explains why the 

results of the study can be generalized to other situations and to other people.  

a.8 Confidence Interval 

Only one study (5%) provides confidence intervals for ROI. However, in that study, the 

95% confidence interval for ROI and outcome includes the null value, which means that there is 

no statistically meaningful difference between intervention and control groups (Maeng et al., 

2013). Therefore, the lack of confidence intervals in studies cause concern over reporting bias, 

and the credibility of the positive ROI figure. 

a.9 Assumptions & Analytical methods 

None of the model-based studies described or explain any assumptions underpinning the 

decision-analytical model. Reporting analytic methods can help to assess the appropriateness of 

the methods and the corresponding results in economic evaluations (Husereau et al., 2013).  

a.10 Incremental cost and outcomes 

One study (5%) included an analysis of the full costs and benefits of intervention. 

Although most studies provided incremental outcomes, we found that many programs lack 

comprehensive program cost.  
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a.11 Characterizing uncertainty 

Effects of uncertainties in parameters arising out of methodological assumptions, 

sampling variation or structure of analyses should be described in economic evaluations 

(Husereau et al., 2013). However, only five studies (26%) performed sensitivity analysis: four 

used one-way sensitivity analysis and one used two-way sensitivity analysis. All of studies in this 

review were single study-based economic evaluations and among these only four studies (21%) 

reported the regression methods and other statistical tests used in their analysis. Reporting of 

statistical analysis in those four studies was very limited.  

a.12 Limitation 

Less than half of the study (47%) discuss limitations and the generalizability of the 

findings. Four studies mentioned limitation in study design and protentional selection bias. One 

study acknowledged the low external validity and requested the result to be interpreted with 

caution (Maeng et al., 2013). 

a.13 Funding & Conflict of interest 

Funding and conflict of interest is critical to bias results that in favorite of sponsor or 

organization (Young, 2009). Five studies (26%) describe how the study was funded, and five 

studies (26%) described any potential for conflict of interest, or declare no conflict of interest. 

Out of all nineteen studies, eight studies were conducted by authors that affiliated with the 

program providers, two of which declared no conflicts of interest with no explanation. 
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Appendix C. Characteristics Summary of the Studies 

1. A Comprehensive Worksite Wellness Program in Austin, Texas: 
Partnership Between Steps to a Healthier Austin and Capital Metropolitan 
Transportation Authority (Davis et al., 2009) 

In this article, the authors examined the Capital Metro wellness program that carried out 

by Health & Lifestyles Corporate Wellness, Inc and CDC Steps to a Healthier Austin program. 

The program provides health information, one-on-one consulting, education, on-site fitness, 

healthier food options, workshops, smoking cessation, and cash incentives to all employees that 

willing to participate. Most of the services are free of charge; healthier food options and on-site 

fitness offered at a discount price. The pre-post study examined the annual health care cost for 

300 participants over the four years’ implementation period. The total cost of the four-year 

program was $750,000, and savings from absenteeism avoidance was $450,000. However, the 

authors did not show the amount of health care saving in this study. The authors calculated ROI 

as follow: health care and absenteeism savings divided by the cost of the program during the four 

years. The total ROI from 2004 to 2007 is $2.43 according to the authors. 

2. A Matched-Cohort Study of Health Services Utilization and Financial 
Outcomes for a Heart Failure Disease-Management Program in Elderly 
Patients (Berg et al., 2004) 

In this article, the authors examined the McKesson Health Solutions clinic chronic 

disease intervention program that targets Medicare + Choice recipients residing in Ohio, 

Kentucky, and Indiana. The program provides risk stratification, education sessions, 24-hour 

telephone nurse counseling, action plans, individualized risk assessment, and medication 

compliance reminders. All the services are free of charge to the patients. The case-control study 
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examined the annual medical and pharmacy cost different between 533 self-selected participants 

and 236 matched non-participants. Total program cost for the one-year implementation was 

$619,902, and savings from the program was calculated at $1,430,281. The total ROI for the one-

year implementation is $2.31. The authors did not show the ROI calculation formula. 

3. A Return on Investment Evaluation of the Citibank, N.A., Health 
Management Program (Ozminkowski et al., 1999) 

In this article, the authors examined the Citibank N.A. wellness program that provided by 

Healthrac, Inc. The program provides education, health risk assessment and telephone counseling 

to self-selected participants completed a health risk appraisal survey. All the services are free of 

charge to the participant, with cash incentive provided to encourage program participation rate. 

The case-control study examined the net medical expenditures of 22,838 self-selected participants 

(54.3% participation rate) and 11,644 non-participants. Total program benefit and cost for the 3-

year timeline was $8,888,730 and $1,879,522 at 0% discount rate; $8,653,535 and $1,864,657 at 

4% discount rate; $8,439,372 and $1,850,893 at 8% discount rate. The total ROI for the 3-year 

implementation is $4.73, $4.64, and $4.56 at 0%, 4%, and 8% discount rate. ROI was calculated 

as follow: benefits from the program divided by the cost of the program. 

4. An evaluation of cost sharing to finance a diet and physical activity 
intervention to prevent diabetes  (Ackerman et al., 2006) 

In the article, the authors examined the ROI of cost sharing economic model for diet and 

physical activity intervention to prevent diabetes. The program, originally carried out by The 

Diabetes Prevention Program (DPP) Research Group was used to build a Markov simulation 

model to estimate the cost, QALYs, and cost per QALY gained. The DPP interventions include 

diet adjustment, and moderate intensity physical activities, group education session and one-on-
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one case management to participants; placebo group received one time 30-min standard lifestyle 

recommendations. The economic model did not explain the number of intervention participants or 

placebo group, nor explore the baseline characteristic of each group. The author defined the direct 

medical cost of the hospital, emergency room, urgent care, and outpatient services, prescription 

medications cost, and the cost for telephone calls to healthcare providers. The model yielded a 

$2,136 per person saving in direct medical cost vs. placebo intervention group. The authors did 

not disclose the program cost. The authors suggested that in single private healthcare payer 

situation results in a 0.58 ROI. However, the author also discussed the situation that in the real 

world, 1.00 ROI in three years could be achieved by letting Medicare co-pay 10% of the 

intervention costs for participants. No ROI calculation method was included in this study. 

5. An Integrated Pharmacy-Based Program Improved Medication 
Prescription and Adherence Rates in Diabetes Patients (Brennan et al., 
2012) 

In this article, the authors examined the wellness program implanted to CVS retail 

pharmacies by CVS Caremark. The program provides health education, individual evaluation, 

adherence enforcement, and first-fill counseling to CVS employees and covered dependents. The 

case-control study consisted 5,123 self-selected participants and 24,124 matched non-employees 

control group based on sex, age, Ingenix pharmacy risk group score, preferred pharmacy, and 

medication possession ratio. Health care cost was examined as the outcome. The total labor and 

support costs of delivering the program were $200,000 with $830,000 total benefit ($630,000 in 

adherence increase and $200,000 in pharmacy costs reduction) in health care cost avoidance for 

the study population. The ROI for the 6-month implementation period was calculated at 

approximately $3.00. 
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6. Can Health Insurance Improve Employee Health Outcome and Reduce 
Cost? (Maeng et al., 2013) 

In this article, the authors examined the Geisinger Health System's employee health and 

wellness program provided by Geisinger Health Plan. The program’s intervention includes health 

risk assessment, subsidized medications, self-management training, nutrition and physical 

activity, medication management, and acute exacerbation management. The company offers $200 

enrollment incentive payment to each participant, additional $200 was offered to a participant for 

achieving 6-month and 1-year goal. In this case-control study, the authors examined the total 

medical cost of care, defined as the sum of all payments made by GHP to all providers plus 

member out-of-pocket expenses, between 4,895 self-selected participants and 12,077 matched 

non-participants and non-employees. The difference in total medical cost between intervention 

and control group for the five years are -$70 per-member-per-quarter (1,634 and 1,703 

respectively). No implementation or program cost was disclosed in this article. The author did 

perform sensitivity analysis on ROI, but, four out of five years were not significant at 5% level, 

and the total all five-year ROI was not significant at 5% level as well. 

7. Diabetes Disease Management in a Community-Based Setting (Berg et 
al., 2002) 

In this article, the authors examined the McKesson Health Solutions’ community chronic 

disease intervention program for HMO and PPO health plan member. The program provides 

individualized monitoring, education, and counseling services to improve patient’s self-

management practices. In the pre-post study, change in medical service utilization rate, including 

inpatient visits, ER visits, MD visits, and facility visits, were examined for the 127 self-selected 

participants. The total cost for the one-year implementation was reported at $49,429, with total 
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savings of $214,486 from utilization changes. The authors reported ROI at $4.34 with no 

information of ROI calculation. 

8. Evaluation of an Outpatient Pharmacy Clinical Services Program on 
Adherence and Clinical Outcomes Among Patients with Diabetes and/or 
Coronary Artery Disease (Spence et al., 2014) 

In this article, the authors examined the clinic chronic disease intervention program 

carried out by Kaiser Permanente Southern California for patients in KPSC Diabetes and/or CAD 

registry. The interventions include a face-to-face B-SMART consult, which consisted identify 

nonadherence, personalized solutions, motivated, adherence tool, and triaged the patient. The 

outcomes of the study included rates of disease-related non-elective inpatient admissions and ED 

visits. The case-controlled study consisted 1,480 participants in the intervention group and 1,477 

matched participants in the usual care group. The cost of program training and implementation 

was reported at $1,713,465 for the one year intervention period. The total cost saving through 

reduced hospitalizations and ED visits was reported at $11,640,296 for the one year period, with 

majority saving came from reduced hospitalizations. The ROI was calculated as (total cost saving 

– total cost of the program) / (total cost of the program), yield a result of $5.79 saving per dollar 

spending. 

9. Financial Implications of Glycemic Control: Results of An Inpatient 
Diabetes Management Program (Newton et al., 2006) 

In this article, the authors examined the Pitt County Memorial Hospital’s clinic choric 

disease management program provided by American Healthways, Inc and Pitt County Memorial 

Hospital. The program, targeting nurse, and physicians in the hospital involve education, 

guidelines, patient screening, individual patient consults, and daily interaction to achieve the 
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behavioral change of diabetes patients. Lengths-of-stay of diabetes patients was evaluated as the 

outcome. The economic model evaluation study did not disclose sample size, baseline 

characteristic of participants, or study design. The LOS aversion result averaged 5.11 days per 

patient, and transfer to $2,224,029 savings for the year. Program implementation cost was not 

disclosed, but the authors mentioned that cost was calculated based on salaries and product 

services from American Healthways. The ROI was estimated at $4.67 with no detail calculation 

shown. 

10. Impact of a Patient-Centered Pharmacy Program and Intervention in 
a High-Risk Group (Moore et al., 2013) 

In this article, the authors examined the clinic chronic disease management program 

carried out by a major pharmacy benefit plan to their national patient with at least 14 pharmacy 

claims in a 120-day period. The intervention, medication therapy management (MTM) program 

comprised risk assessment, telephone counseling, care plan, and follow-up telephone call. The 

case-control study consisted 2,250 self-selected participants (out of 8,723 eligible) and 2,250 

matched non-participants from those eligible but decline participation. The study examined health 

care cost (total plan-paid medical and pharmacy costs), health care utilization (inpatient visits, 

physician visits, ER visits, and days supply), and condition-specific MPR (hypertension MPR, 

dyslipidemia MPR, diabetes MPR, depression MPR, and asthma MPR). ROI evaluation only 

considered the health care savings, which is $977 per patient per year. The cost of the program 

was reported at $478 per patient per year. The ROI was reported at $2.0, no detail evaluation was 

reported. 
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11. Impact of Worksite Wellness Intervention on Cardiac Risk Factors and 
One-Year Health Care Costs (Milani and Lavie, 2009) 

In this article, the authors examined a wellness program at a single employer in New Orleans 

area with two geographically disparate work locations carried out by Ochsner Health System to 

employees and covered dependents. The intervention including onsite health education, group 

smoking cessation, stress management, lipid clinic, hypertension and diabetes management, drug 

and alcohol addiction treatment, and fitness centers. The randomized control trial consisted 308 

eligible employees, randomized by family units into the active intervention group (n = 185) and 

usual care group (n = 154). Total medical claim cost was examined as the outcome. Program cost 

was not provided in the article, the total medical cost difference between intervention and control 

are $983 per subject per year ($1,539 for the intervention group and $ 2,522 for control group 

respectively). The ROI was reported at $6.00 with no detail calculation and explanation.  

12. Managing Manifest Diseases, But Not Health Risks, Saved PepsiCo 
Money Over Seven Years (Caloyeras et al., 2014) 

In this article, the authors examined PepsiCo’s wellness program provided by American 

Specialty Health, Inc to PepsiCo employees and their dependents. The program includes health 

risk assessment, on-site wellness event, lifestyle management, disease management, complex care 

management, 24/7 telephone counseling, individual counseling, and maternity management. The 

case-control study consisted 22,204 self-selected participants and 22,204 matched eligible non-

participants. The study assessed health care cost as the outcome. Program cost, including vendors 

per participant per year fees, and the health risk assessment fee per completed survey, was not 

disclosed by authors. The saving in health care cost over the 7-years implementation period was 

reported at $360 per person per year. The ROI was reported to be $1.46. 
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13. Medical Cost Savings for Participants and Nonparticipants in Health 
Risk Assessments, Lifestyle Management, Disease Management, 
Depression Management, and Nurseline in a Large Financial Services 
Corporation (Serxner et al., 2012) 

In this article, the authors examined a wellness program in a large financial services 

corporation to employees and Consolidated Omnibus Budget Reconciliation Act (COBRA) 

participants. The authors did not disclose the information of provider. The program includes 

health risk assessment, lifestyle management, and specific disease management. The case-control 

study consisted total 65,401 self-selected participants and 64,828 non-participants over the three-

year implementation period. Gross medical cost savings was measured as the outcome. The total 

three-year HPM program fees were reported at $12,207,000, and three-year total gross medical 

cost savings was reported at $29,944,000. The three-year total ROI was reported at $2.45 (0.59 

for the first year, 3.33 for the second year, and 2.59 for the third year). The ROI was calculated as 

follow: gross medical cost savings/HPM program fees. 

14. Medication Therapy Management: 10 Years of Experience in a Large 
Integrated Health Care System (Ramalho de Oliveira et al., 2010) 

In this article, the authors examined a community chronic disease intervention by 

Fairview Pharmacy Service to Medicaid beneficiaries and their covered sponsors and private-pay 

patients. The program interventions are highly personalized ranging from drug utilization 

reviews, face-to-face pharmaceutical care services, health risk assessment, and chronic disease 

specific medical therapy. The pre-post study consisted total 9,068 participants from retrospective 

data over the ten-year timeline. The economic outcome was focused on total health care cost, 

including medical services avoided from the office visit, emergency room visits, urgent care 

visits, long-term care stays, and hospitalizations, avoidance of lost work time was also included. 
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Total program cost estimated at $2,258,302, with a total saving estimated at $2,913,850. The ROI 

was reported at $1.29 with no detail formula disclosed. 

15. Medication therapy management and condition care services in a 
community-based employer setting (Johannigman et al., 2010) 

In this article, the authors examined a community chronic disease intervention by 

Blanchard Valley Health System to local company employees in the community setting. The 

interventions consist health risk assessment, education, personal counseling, risk factor screening, 

and condition care program. The pre-post study consisted 216 self-selected participants. The 

study only reported startup cost for wellness and condition care program, at less than $10,000. No 

information on program management cost or total cost was disclosed. The total cost saving, 

including medication-related changes, lipid level change, HbA level change, weight loss, was 

estimated at $1,011 per patient per year over the one year period. The return on investment was 

reported at $2.21 with no formula or calculation included. 

16. Quality Improvement and Cost Reduction Realized by a Purchaser 
Through Diabetes Disease Management (Snyder et al., 2003) 

In this article, the authors examined the Clark County community disease intervention 

program carried out by Teachers Health Trust targeting active and retired educators. The 

programs included disease management, telephone counseling, group section, and health 

education. The pre-post study consisted 422 self-selected participants over the three-year period. 

The individual medical cost was evaluated as the outcome. The study reported a gross saving of 

$1,402,071, with total program cost at $415,533. The return of ROI was reported at $3.37. No 

detail on program cost or ROI calculation was reported. 
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17. Recent Experience in Health Promotion at Johnson & Johnson: 
Lower Health Spending, Strong Return on Investment (Henke et al., 2011) 

In this article, the authors examined the Johnson & Johnson Family of Companies’ 

wellness program carried out by Johnson & Johnson Health and Wellness to US employees. The 

program consisted health assessment, physical activity, exercise expenditure reimbursement, 

seasonal fitness challenges, nutrition choices, weight watch program, online weight management, 

lifestyle management, computerized coaching and education programs, and chronic disease 

management. The medical and drug cost was evaluated as the outcome from 2002-08 health care 

cost data. The case-control study consisted 31,823 participants identified through a health 

assessment. The matched control group comprised 31,823 employees from a compression 

company. Program savings were calculated by the estimated average adjusted annual costs per 

employee minus expected costs from comparison company. The program cost was estimated at 

$144 per person per year, a more conservative cost estimate of $300 per person per year was also 

employed for economic evaluation. Adjusted savings of $565 according to 2009 dollars was 

reported, which yield an ROI of $3.92 based on $144 PPPY cost, and $1.88 based on $565 PPPY 

cost. 

18. Reducing Need and Demand for Medical Services in High-risk 
Persons (Fries and McShane, 1998) 

In this article, the author examined the community disease intervention program carried 

out by Healthrac, Inc targeting behavioral change in high-risk population. The intervention 

program includes routine health evaluation, report, and education based on individual health risk 

problems. Two intervention groups were examined in this case control study; one consisted all 

high-risk population identified by health assessment questionnaire (n = 2,586), the other consisted 
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comparison employees and seniors (n = 89,652). Both groups received same standard 

intervention; the program repeats every six months for standard program and three months for the 

high-risk population. The cost per participant is about $30 per year for the standard program and 

about $100 per year for the high-risk program. Total cost saving for the high-risk program was 

$484 per person per 6 months; standard program was $103 per person per 6 months. The ROI was 

reported at $6.00 for the high-risk group and $4:00 for standard groups without detail explaining. 

19. Return on Investment for Digital Behavioral Counseling in Patients 
with Prediabetes and Cardiovascular Disease (Su et al., 2016) 

In this article, the author examined the Prevent community disease management program 

carried out by Omada Health. The intervention mainly involved a digital behavioral counseling 

program. The economic model study examined 2,371 people enrolled in Prevent between 2012 

and 2014. Markov-based microsimulation model was used to predict annual medical 

expenditures. The article reported break-even point at third year for both the population with 

prediabetes and the population with cardiovascular disease risk factors. The ROI was calculated 

as follow: (total return at or before current year) / total investment at or before current year). The 

authors reported ROI of 0.48 for year 1, 0.75 for year 2, and 1.07 for year 3. No detail on cost 

was disclosed. 
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Appendix D. Quantitative Methodology Analysis Based on 

Program Target Group 

a. Community Chronic Disease Intervention Program 

Six community disease management programs were examined in this review. One was a 

case-control studies with comparison group (Fries and McShane, 1998), three were pre-post 

studies (Berg et al., 2002; Ramalho de Oliveira et al., 2010; Snyder et al., 2003), and two were 

model based with no economic data collected as part of the intervention (Ackerman et al., 2006; 

Su et al., 2016). 

Intervention participants in most studies were self-selected, which may introduce bias 

into the study sample. This bias is related to differences in the characteristics of participants who 

agree to participate in programs and those who decline. Only one study includes a non-

randomized comparison group (Fries and McShane, 1998). However, the comparison group was 

not matched in characteristics to reduce the effects of selection bias. 

Across the six studies, three studies examine medical service utilization avoided and 

associated cost reduction as outcome (Ackerman et al., 2006; Berg et al., 2002; Ramalho de 

Oliveira et al., 2010); three studies look in to medical care cost as outcome (Snyder et al., 2003; 

Fries and McShane, 1998; Su et al., 2016). All six studies did not report specific breakdown for 

the cost of the interventions. 

The benefits of intervention program are well explained in most of the articles. Three 

studies consider savings in medical care cost as benefits, and all three studies measure the benefit 

based on pre-post difference (Snyder et al., 2003; Fries and McShane, 1998; Su et al., 2016); 
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however, Fries and McShane (1998) study has a non-matched comparison group. Three studies 

consider benefit as service utilization avoidance, including inpatient visits, ER visits, MD visits, 

facility visits reduction, and hospitalization (Ackerman et al., 2006; Berg et al., 2002; Ramalho de 

Oliveira et al., 2010). However, each of the three studies include different services with little to 

no standardized measurement of benefits. 

Four of the six articles calculated ROI using the benefit (gross savings) divided by the 

cost; two articles do not disclose their ROI calculation method. The ROIs for the three diabetic 

studies average $2.90 in savings per dollar spent on the program for the implementation period 

($1�$3.37 and $4.34, respectively). Three diabetic studies have different outcome variables and 

time horizons. Ackerman et al., (2006) examined life time direct medical cost as outcome and 

expected 1.00 ROI at the end of three-year period; Berg et al., (2002) examined medical service 

utilization reduction as outcome and calculated 4.34 ROI at the end of one-year timeline; and 

Snyder et al., (2003) examined medical cost as outcome and calculated 3.37 ROI for the 3-year 

implementation. 

One cardiovascular studies reported $1.07 return per dollar spent at year 3. Two general 

health risk studies reported average $3.65 in savings per spent ($1.29 and $6 respectively). None 

of these six studies reported confidence interval on their ROI estimation analysis. 

b. Clinic Chronic Disease Intervention Program 

Four clinic chronic disease intervention programs were examined. Three were case-

control studies with comparison group (Berg et al., 2004; Spence et al., 2014; Moore et al., 2013), 

and one was economic model analysis study (Newton et al., 2006). 
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Three case-control studies have self-selected participants in the intervention group with 

matched non-participants in comparison group. However, the economic model study did not 

enclose study design, sample size, and participant catachrestic. saving was generated using 

(Newton et al., 2006). 

Each of four studies have different outcome metrics: medical and pharmacy costs (Berg 

et al., 2004); hospitalization and ED visits rate (Spence et al., 2014); length of hospital stay 

(Newton et al., 2006); and plan-paid health cost (Moore et al., 2013). The inconsistency in 

program outcome metric echoes the problem in standardized measures of outcomes. Three out of 

four studies lack specific breakdown of the cost of the interventions. Spence et al. (2014) studies 

provide information on salary and additional drug cost. Newton et al. (2016) studies do not 

mentioned cost at all. 

Newton et al. (2016) does not disclose their ROI calculation method in their study; two 

articles calculated ROI using the benefit (gross savings) divided by the cost; one articles 

calculated ROI using benefit subtract cost (net saving) than divided by the cost. The ROIs for the 

clinic chronic disease intervention program average at $3.69 in savings per dollar spent on the 

program based on their highest estimate. Two studies (Berg et al., 2004; Moore et al., 2013) 

shown saving in health care cost in intervention group compared to control group, but neglected 

to mention that the saving is none significant at 5% level in economic evaluation.  

d. Workplace Wellness Program 

Nine workplace wellness programs were examined in this review. Six were case-control 

studies with the comparison group (Ozminkowski et al., 1999; Brennan et al., 2012; Maeng et al., 

2013; Caloyeras et al., 2014; Serxner et al., 2012; Henke et al., 2011), two were pre-post studies 
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(Davis et al., 2009; Johannigman et al., 2010), and one was RCTs randomized at worksite level 

(Milani and Lavie, 2009). However, in the RCTs study, the intervention provider also performed 

the outcome assessment.  

All programs offered at least one behavioral intervention to the employee. Two studies 

provide financial incentive for participating and completing wellness program (Davis et al., 2009; 

Maeng et al., 2013). Also, one program provided participants with specific medications at no cost 

(Milani and Lavie, 2009). 

As we observed previously, there was little standardization in program outcome metric. 

All studies include one form of medical and pharmacy claims costs as outcome, but each define 

and measure program benefit in a different way. Two studies also include absenteeism in their 

outcome evaluation. One study includes potential cost saving from medication-related changes, 

including lipid level reduction, HbA level reduction, and weight loss into their outcome 

measurement. Three out of nine studies lack any information on program cost. None of the 

studies provided a detail breakdown of each component in the program cost.  

Four articles do not disclose their ROI calculation method; five of the nine articles 

calculated ROI using the benefit (gross savings) divided by the cost. The ROIs for the nine 

wellness programs average $3.96 in savings per dollar spent on the program based on their 

highest estimate. Range from lowest at $1.96 (Caloyeras et al., 2014) to highest at $6.00 (Milani 

and Lavie, 2009) in savings per spent. Maeng et al. (2013) performed sensitivity analysis on ROI, 

but, four out of five years were not significant at 5% level, and the total all five-year ROI was not 

significant at 5% level as well. 
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