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BACKGROUND: More than half of adults in the United States do not achieve the minimum recommended 
level of physical activity to achieve health benefits. While pedometers offer promise in encouraging more 
activity, their adoption is limited and the optimal way to motivate individuals or teams is unknown. More than 
two-thirds of adults in the United States possess a smartphone and carry it with them often. Insights from 
behavioral economics may offer new strategies to leverage smartphones to impact population health through the 
use of financial incentives. The objective of this study was to use a connected health approach with smartphones 
tracking step counts to compare the effectiveness of individual versus team-based financial incentives for 
physical activity. 
METHODS: 304 adult employees from a large corporation in Philadelphia formed 76 four-member teams 
randomized to control or one of 3 intervention arms: individual incentives, team incentives, or combined 
incentives (based on individual and team performance) - with reward eligibility based on achieving at least 7000 
steps per day, a level endorsed by the American College of Sports Medicine as meeting federal guidelines for 
the minimum level of physical activity to achieve health benefits. Financial incentives were offered in the form 
of a $50 drawing held every other day and had an expected economic value of $1.40 per day. The intervention 
period lasted 13 weeks and participants were followed for an additional 13 weeks. Step counts were tracked by 
smartphone accelerometers using an application that ran passively in the background. The primary outcome 
measure was the proportion of participant-days that the goal was achieved during the intervention. The intent-
to-treat analysis used generalized linear and mixed-models to adjust for the repeated measures of participant 
step counts and clustering by team. All hypothesis tests were two-sided. To maintain the type I error rate while 
testing 6 pairwise comparisons, we used a Bonferroni correction to define an alpha of 0.0083 as our threshold 
for statistical significance. We estimated that a sample of at least 280 participants would ensure 80% power to 
detect a 20% difference between arms. 
RESULTS: Participants in the study sample had a mean body mass index of 29.2 (standard deviation [SD]: 
6.4), mean age of 40.5 (SD 10.4), and were 77.3% female. Compared to control during the intervention period, 
the proportion achieving the 7000 step goal was significantly greater for the combined incentive (0.35 vs. 0.18, 
Difference: 0.17, 95% confidence interval [CI]: 0.07 - 0.28, P <0.001) but not for the individual incentive (0.25 
vs 0.18, Difference: 0.08, 95% CI: -0.02 - 0.18, P=0.13) or the team incentive (0.17 vs 0.18, Difference: -0.003, 
95% CI: -0.11 - 0.10, P=.96). The combined incentive was significantly greater than the team incentive (0.35 vs. 
0.17, Difference: 0.18, 95% CI: 0.08 - 0.28, P < 0.001) but not the individual incentive (0.35 vs. 0.25, 
Difference: 0.10, 95% CI: -0.001 - 0.19, P = 0.05). Only the combined incentive had greater daily steps than 
control (Difference: 1446, 95% CI: 448 - 2444, P = 0.005). There were no significant differences between arms 
during the follow-up period. 
CONCLUSIONS: Compared to control, a combination of individual and team incentives nearly doubled the 
proportion of days that individuals achieved physical activity goals. Incentives based on the performance of the 
individual alone or the entire team were not effective. 
  



COST-EFFECTIVENESS OF HERPES ZOSTER (SHINGLES) VACCINE FOR PEOPLE AGED 50 
YEARS 
Phuc H. Le; Michael B. Rothberg. Cleveland Clinic, Cleveland, OH. (Tracking ID #2192780) 
 
BACKGROUND: Herpes zoster (HZ) affects approximately 30% of the general population over their lifetime. 
Both the incidence and severity of HZ increase with age. The zoster vaccine can prevent HZ and postherpetic 
neuralgia (PHN), and is licensed for use among people aged ≥ 50 years. However, the Advisory Committee on 
Immunization Practices recommends the vaccine for people aged ≥ 60 years only. To inform the decision 
making process, this study aimed to analyze the cost-effectiveness of HZ vaccine versus no vaccine for 
immunocompetent adults aged 50 years. 
METHODS: We employed a previously published Markov decision model and updated the inputs relevant for 
people aged 50-59 years. The entire cohort entered the model in the ‘Healthy' state at age 50; then moved 
between health states with transition probabilities for a life-long time horizon. The model considered cases of 
HZ, PHN, and other complications of HZ including ophthalmic and otic complications, hospitalization and 
death. Compared to the unvaccinated group, the vaccinated group had reduced disease incidence and 
complications proportional to vaccine efficacy. Model inputs were derived primarily from US-based studies to 
reflect the epidemiology, utilities, and quality-adjusted life years (QALYs) of a general US population. Vaccine 
efficacy was based on the Zostavax Efficacy and Safety Trial, and duration of efficacy on the Long-Term 
Persistence Substudy, which reported 11 years of follow up from the Shingles Prevention Study. Costs were 
drawn from the medical literature. They included both direct medical costs and indirect costs due to lost 
productivity, expressed in 2014 US dollars ($) adjusted for inflation. Outcomes included costs and effectiveness 
(the number of HZ cases, PHN cases, and QALYs) for each strategy. Results were presented as incremental 
cost-effectiveness ratio (ICER) per QALY saved. The study was conducted from the societal perspective, with 
both costs and QALYs discounted at 3% per year. In addition to deterministic sensitivity analysis, probabilistic 
sensitivity analysis was also conducted, in which all variables were varied simultaneously; 10,000 Monte Carlo 
iterations were performed. 
RESULTS: In the base case, for every 1,000 persons vaccinated, 25 HZ cases and one PHN case would be 
prevented, equivalent to 0.4 QALYs saved at a cost of $134,000 ($318,071/QALY saved). Because HZ 
incidences were higher in women, the ICER was half as much for women as for men. In deterministic 
sensitivity analysis, only changes in vaccine cost resulted in an ICER of <$100,000/QALY (at $82/dose) 
(Figure 1). In probabilistic sensitivity analysis, the mean ICER was $422,112/QALY (95% CI $17,814 - 
$1,438,991/ QALY). At a willingness-to-pay threshold of $100,000/QALY, the vaccine was cost-effective in 
11% of iterations. 
CONCLUSIONS: Although HZ vaccine is efficacious in protecting people aged 50 - 59 years, it does not 
appear to represent good value for this group. 
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BACKGROUND: Decision aids for colorectal cancer (CRC) screening have been shown to improve CRC 
screening-related decision making and test completion in highly-insured, English-speaking populations. 
However, the effects of such decision aids in diverse, vulnerable patient populations remain unclear, and they 
have not been tested in Latino patient populations in a clinic setting. We are currently conducting a pragmatic, 
randomized controlled trial of a two-component intervention that includes a CRC screening decision aid 
delivered before a provider visit and patient navigation delivered after the visit in safety net clinics. The full 
trial will eventually assess screening test completion as the distal outcome; this analysis examines the effect of 
the decision aid component of the intervention on intermediate decision-making outcomes. 
METHODS: We enrolled primary care patients ages 50-75 at average CRC risk who were not current with 
recommended screening from two clinic sites that serve racially and ethnically diverse, low-income 
communities in North Carolina and New Mexico. After a baseline survey, participants were randomized to an 
intervention group who viewed a 14-minute CRC screening decision aid video (in Spanish or English) before 
their provider visit, or a control group who viewed a food safety video. Immediately after their provider visit, 
participants completed an oral follow-up survey administered by a bilingual research assistant. Decision making 
outcomes included screening-related knowledge (on 6 item scale), discussions with the provider, test 
preferences, and test ordering. We also assessed intention to complete screening (on a 5-point Likert scale, 
dichotomized as "low intention" and "high intention" for analysis). We used Mantel-Haenszel row mean score 
tests to compare outcomes across study arms, controlling for baseline value where possible. 
RESULTS: Participants (n=171) had mean age of 58 years and were 61% female, 57% Latino, 22% non-Latino 
White, and 18% African American. Most (69%) had a household income of less than $20,000; 48% had limited 
health-literacy, 39% were uninsured, and 43% were Spanish-speaking. On the follow-up survey, intervention 
participants answered an average of 4.5 of the 6 knowledge questions correctly (vs. 2.4 at baseline), while 
control participants answered an average of 2.5 questions correctly (vs. 2.5 at baseline), difference in 
differences 2.1; (95% CI 1.8, 2.5), p<0.001. Compared with controls, intervention participants  were more likely 
to report having a screening discussion with their provider (71% vs. 42%, p<0.001); indicate having "enough 
information to decide" (96% vs 69%, p<0.001); indicate a specific testing preference (89% vs 61%, p<0.001), 
report high intention to complete screening (95% vs 86%, p=0.04), and have a screening test ordered (55% vs. 
33%; p=0.003). Similar effects were observed for these outcomes when restricting the analysis to the Latino 
subsample. 
CONCLUSIONS: In a low-income, racially and ethnically diverse patient population, a decision aid offered in 
a participant's preferred language increases screening-related knowledge, clinical discussions, intent to compete 
screening, and test ordering, and is effective in both Latino and non-Latino patients. 
  



THE 5 PHENOTYPES OF HIGH COST PATIENT 
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BACKGROUND: In order to design cost reduction strategies, it is important to understand the resource 
utilization patterns of those patients who drive the majority of healthcare costs. High cost patients may use 
resources in diverse ways. We used cluster analysis to identify profiles of utilization among the high cost 
population. 
METHODS: We utilized a retrospective observational design. Using the Quality Resource and Use Report 
distributed by the Centers for Medicare and Medicaid Services, we identified all Medicare patients who were 
hospitalized exclusively at Cleveland Clinic Health System (CCHS) hospitals and received ≥90% of their 
primary care services at a CCHS facility in 2012. We defined high-cost patients as the 10% of the population 
with the highest sum of direct and indirect costs at a CCHS facility, based on CCHS internal cost accounting 
data. Total admissions, inpatient days, ICU days, inpatient surgeries, ED visits, and outpatient visits were 
obtained from the electronic medical record. We used the Agency for Healthcare Research and Quality Clinical 
Conditions Software to group ICD-9 diagnosis and procedures codes. Based on data review and clinical 
judgment, we used the k-medoids, a clustering algorithm that robustly organizes a heterogeneous dataset into a 
pre-determined number of distinct groups, to create five clusters. For each cluster, odds ratios of 24 high cost 
conditions were calculated in comparison to the high-cost population mean prevalence. Statistical significance 
was calculated by logistic regression. 
RESULTS: Our high-cost sample included 1486 patients; 55% were male, and median age was 68 (IQR 15). 
The "ambulatory" cluster contained patients with few admissions or ED visits (Table). They were most likely to 
have cancer and chemotherapy. "Surgical" patients generally had one expensive surgical admission. They had 
the highest odds of osteoarthritis and procedure/device complications; 61% of these patients with osteoarthritis 
received arthroplasty. "Critically Ill" patients required intensive care; they had the highest inpatient as well as 
overall costs. They had higher odds of heart failure and cardiac arrhythmia and arrest. The "Frequent Care" 
cluster had frequent admissions, ED visits, and outpatient visits. Psychiatric disorders and COPD/asthma were 
most characteristic. "Mixed Utilization" patients had a mixture of admissions, ED visits, primary care visits, and 
specialist visits. They were not characterized by specific diagnoses, but complications of medical care and 
procedures were less common in this cluster. 
CONCLUSIONS: Using cluster analysis, we identified subgroups of high cost patients exhibiting distinct 
utilization patterns. Efforts to reduce cost may benefit from a targeted approach that addresses the diversity of 
high cost utilization.  
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BACKGROUND: Use of clinical performance measures based on practice guidelines increasingly plays an integral role in the provision of medical care. However, it 
is unclear how healthcare institutions and clinicians respond to evolving practice guidelines which necessitate changing measures of performance. Changes in 
practice guidelines may be especially challenging to resource- limited healthcare institutions which lack infrastructure, in terms of personnel and technology, needed 
for quality measurement. The recent 2013 American College of Cardiology/American Heart Association (ACC/AHA) cholesterol treatment guideline changed current 
standards for both clinical practice and performance measurement, moving away from a numeric low-density-lipoprotein (LDL) target towards a risk-calculation 
approach. Within California's public hospital systems, these new guidelines came in the middle of an ongoing statewide focused quality improvement (QI) effort 
aimed at reaching the existing LDL target. This offers a unique opportunity to examine how healthcare leaders, QI professionals, and clinicians at these safety net 
systems respond to changing guidelines. 
METHODS: Through the Public Healthcare system Evidence Network and Innovation eXchange (PHoENIX) initiative we performed six focus group interviews with 
representatives of California's 21 public hospital systems to explore reactions to the recent, 2013 ACC/AHA cholesterol treatment guideline and understand the 
impact on performance reporting and QI. Purposive sampling was used to recruit frontline staff, managers, administrators, and clinicians working on data 
management and reporting from these organizations' membership for the focus groups. The interview process and subsequent qualitative analysis was informed by 
grounded theory without specified a priori hypotheses. 
RESULTS: The new cholesterol guidelines were seen as controversial and inconsistent by some participants but generally accepted as evidence-based. We 
identified three common reactions to the guideline: lost momentum for current cholesterol QI efforts; confusion leading to disparate views and clinician behaviors with 
regards to cholesterol management and performance measurement; and calls for more flexibility with latitude for institutions to set their own quality goals. Reported 
challenges to implementing the new guideline included: inadequate data infrastructure to move from LDL targets to medication prescription as a performance 
measure, lack of organizational infrastructure for disseminating and implementing new guidelines, and limited funding and staffing for simultaneously implementing a 
new performance measure and undertake quality improvement efforts based on the new guideline. 
CONCLUSIONS: The combination of cholesterol performance reporting requirements and changing guidelines led to quality improvement inertia and increased 
practice variations in healthcare safety-net settings. Implementing a new performance measure in response to changing guideline can be a resource-intensive 
process that could limit a system's capacity to undertake quality improvement efforts for better patient care. A new approach that shifts focus away from reporting 
quality measures to participation in quality improvement efforts to optimize management of cholesterol may be warranted. 
 
Exhibit 1. Attitudes and reactions to the 2013 AHA/ACC cholesterol guidelines in the California healthcare safety net 

Exhibit 1. Attitudes and reactions to the 2013 AHA/ACC cholesterol guidelines in the California healthcare safety net 
Reaction Representative quote(s) 

  

Guidelines recommendations seen as 
controversial and inconsistent by some 
participants but generally accepted as 

authoritative 

"Well, these are the "guidelines." Following the guidelines is less resource intensive than not following them, the latest guidelines, right? 
So we were in favor of, well, we're going to move our system forward with whatever we can." 

"The risk factor calculator guidelines and what percentage you start putting patients on moderate to high-dose statins is debatable... 
Britain guidelines are different than American guidelines and blah, blah….ACC guideline and the risk calculator starts at 40 years old. So 

anyone between 19 and 39 you get a nice little message from the calculator that says, "By the way, it's invalid but thanks for trying." 

Current performance measurements and QI 
goals now seen as invalid and 

unenforceable 

"When the guidelines came out last year, the medical director of our patient care and medical home called me and said ‘what am I 
supposed to do with this?' Was being held to this particular metric for DSRIP and this new evidence came out, and I can tell you up front 

our physicians really care about the evidence and we're probably not going to get much support for the LDL metric." 

Sense of confusion and lack of direction for 
cholesterol management and performance 

measurement 

"So I think when the guidelines aren't very clear, then you have the physicians practicing all over the map. So I think that's part of the 
problem with the new lipid guidelines." 

"Even in the same clinic, we have clinicians that don't agree about how they want to do this now." 
"So as far as the number goes, it's pseudo proxy kind of but I feel like we need guidance as far as, okay, look, if we're going to go with 

statins, yes or no, then we need to go ahead and say something so that people could evaluate. "Okay, what does this mean to us? What's 
our risk? Is it doable or not?" This is doable, this is buildable. This is not buildable" 

"So I think it just made it, without commenting on the guidelines, it just made it a challenge…having a moving standard in terms of 
focusing every body's attention on the same goal… I think that's really where we are - is probably not having clarity of focus I think that we 

would like to have because of the change." 

Performance measuring and QI based on 
the new guidelines for cholesterol 
management will be challenging 

"We talked about - and we actually measure percent reduction, it's that one way of looking at it, that's much more complicated to do. Then 
looking at statin usage and looking at high intensity versus moderate intensity dosaging to see whether or not that's a good measure for 
this particular new guideline or not. If that is the case, how do we actually get that data because do you look at prescribing data? Did the 

patient actually pick up the medication? I mean that gets really complicated I think." 

calls for more flexible performance 
measures and institutional partnerships to 

produce their own standards and 
performance metrics 

"One thing I would like to see in the future is maybe a little bit more flexibility in terms of how the metrics are defined so that the metric can 
accommodate changes in guidelines over time…" 

"What I'm trying to say, even as an institution or an organization or neighboring facilities, let's at least, for our geographical, with 200 miles 
of each other, what are we going to do with our neighbors or something like that? What are going to report or something to try to develop 

some unity? 
" 

 
  



THE EFFECT OF POINT-OF-CARE PRICE INFORMATION ON OUTPATIENT PHYSICIAN 
ORDERING BEHAVIOR 
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Boston, MA; 2Boston Children's Hospital, Boston, MA; 3Harvard Medical School, Boston, MA; 4Harvard 
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BACKGROUND: Physicians are critical targets for price transparency initiatives because they lack knowledge 
of the price of the health care they provide and have the expertise needed to distinguish when medical spending 
is necessary versus wasteful. Prior studies find that short-term provision of price information to trainees in 
hospital settings lowers ordering rates, but little is known about how longer-term exposure to price information 
affects primary care and specialist physicians in outpatient practice. We study the effect of providing two 
different forms of price information to physicians for four types of commonly-ordered outpatient procedures: 
advanced imaging (e.g., CTs, MRIs), cardiac testing (e.g., ECHOs, stress tests), endoscopy (e.g., colon, nasal), 
and other specialty procedures (e.g., electromyography, sleep studies). 
METHODS: In January 2014, we block randomized 1,388 primary care and specialist physicians practicing in 
36 locations within a large multi-specialty group in Massachusetts. Arm 1 (control) was given the median 
amount paid to the group for commonly-ordered procedures via a written memo once at the beginning of the 
year. Arms 2 and 3 (intervention arms) then received price information through the electronic health record 
system throughout 2014. For each procedure, Arm 2 was given a single median price while Arm 3 was provided 
a pair of median prices corresponding to whether the procedure was performed "inside" or "outside" the 
organization. We obtained patient encounter and ordering data for pre-intervention and intervention years 2013-
2014 from the multi-specialty group. We calculated the odds of an order being placed per health care encounter 
across all procedures and for each of the four procedure types using logistic regression. We assessed the 
intervention effect using an interaction term between intervention arm and study year, clustering on physicians. 
RESULTS: Across all procedures, changes in Arm 2 (single median price) and Arm 3 (paired "inside" and 
"outside" median prices) were not significantly different from Arm 1 (control). However, arm effect varied by 
procedure type. For physicians in Arm 2, the adjusted odds of ordering were significantly lower for advanced 
imaging and other specialty procedures (AOR 0.98 [0.96, 0.99], 0.94 [0.92, 0.96], respectively); they were 
significantly higher for cardiac testing (AOR 1.24 [1.19, 1.28]), but there was no significant change for 
endoscopy. For physicians in Arm 3, the adjusted odds of ordering were significantly lower for endoscopy and 
other specialty procedures (AOR 0.75 [0.72, 0.78], 0.97 [0.95, 0.99], respectively), but significantly higher for 
advanced imaging and cardiac testing (AOR 1.02 [1.01, 1.04], 1.04 [1.01, 1.08], respectively). 
CONCLUSIONS: Price information can have a mixed effect on primary care and specialist physicians in 
outpatient practice. It could have a lowering effect, but also a heightening one suggesting that revealed prices 
could be higher or lower than physicians expect depending on the type of procedure being ordered. Response to 
single median price information appears different from that to a pair of "inside" and "outside" prices. When 
changes were significant, the magnitude of the effect tended to be small but could still translate into substantial 
differences in spending across thousands of commonly-ordered outpatient procedures. 
 


