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Matching Algorithm to Identify Control Group 

Propensity score matching was used to identify the counterfactual control group, which 
represents the same group of intervention beneficiaries had they not had an AWV. Candidates 
for the control group included beneficiaries of the ACOs who did not receive an AWV in 2015. 
The propensity score was estimated using a mixed-effects logistic regression model and 
represents each patient’s probability of receiving an AWV conditional on age, sex, race, 
Medicare eligibility category, the number of primary care office visits in 2014, quartiles of  
hierarchical condition category (HCC) score based on diagnoses from 2014, and ACO. 
Importantly, the number of primary care office visits was included in order to account for issues 
of selection bias that may confound the association between AWVs and the outcomes of interest; 
adjusting for primary care office visits helps address the possibility that patients who receive 
more primary care services may be more engaged in their health care. Furthermore, the model 
included the unique practice identifier as a clustering variable and the caliper was set to 0.2 of 
the standard deviation of the logit of the propensity score as recommended by Austin 2011.1 
Matching was executed using a 1:1 nearest neighbor algorithm and controls were assigned the 
AWV month of the intervention beneficiary to which they matched to. This allowed us to assign 
the 11 calendar months before and after the AWV month as the pre and post AWV periods 
respectively for all beneficiaries. The calendar month that the AWV was done was excluded 
from the analysis (and therefore the cost of the AWV was not included in the analysis).  
A total of 10,660 beneficiaries entered the matching algorithm, of which 5,292 (50%) had an 
index AWV in 2015. The algorithm identified 4,874 control beneficiaries who matched to 4,874 
intervention beneficiaries. After we identified our matched comparison group, we conducted a 
series of post-matching diagnostics and found that our matching produced a comparison group 
that looked similar along the covariates of interest. In particular, we confirmed that the covariate 
distributions were not statistically different between intervention and control groups as well as 
visually examined the region of common support between the two groups (eAppendix Figure 3). 
 
  



 

 

eAppendix Figure 1. Study Population 

 

NOTES: Outliers were defined as being in the 99th percentile of the spend distribution in 
accordance with the Medicare Shared Savings Program. 
 



 

 

eAppendix Figure 2. Monthly Cost Trends of Patients Who Received an AWV vs. Controls in 
the Pre-Period 

 

SOURCE: Authors' analysis of data from Centers for Medicare and Medicaid Services Claim 
and Claim Line Feed. y-axis scale is in dollars 
  



 

 

eAppendix Figure 3. Distribution of Propensity Scores 

 

SOURCE: Authors' analysis of data from Centers for Medicare and Medicaid Services Claim 
and Claim Line Feed  
 
 

 

 

 

 

 

 

  



 

 

Statistical Models for Main Analyses 

Primary Data Source 
Using our primary data source, we evaluated whether receiving an AWV was associated with 
health care costs and utilization using difference in differences regression models. For the cost 
outcomes, mixed effects negative binomial models were used to account for clustering of patient 
outcomes within practices. A zero-inflated version of these models was used for cost categories 
that had a large percentage of 0s (hospital acute care, home health, SNF, hospital outpatient ED, 
hospital outpatient ED, other outpatient facility, and DME) since the model fit was superior. We 
estimated incidence rate ratios which represent the impact of receiving an AWV on cost 
outcomes on a percentage scale. We also supplemented the model estimates with predicted 
values of cost for each patient, and used non-parametric bootstrapping in order to obtain the 
difference in difference estimator on the dollar scale for all of the cost outcomes. We also used 
mixed effects negative binomial models for counts of ED visits and hospitalizations. The only 
additional covariate that was included in all of these models was ACO since it was the only 
covariate that remained unbalanced from the matching procedure (See Exhibit 1). 
Secondary Data Source 
Using our secondary data source, we used a cross-sectional design to evaluate whether receiving 
an AWV was associated with clinical quality measures. Because each quality measure was 
dichotomous, we used mixed-effects logistic regression model that controlled for clustering of 
patients within practices. The models also adjusted for age, sex, race, eligibility criteria, the 
number of primary care office visits in 2014, quartiles of 2014 hierarchical condition category 
(HCC) score, and ACO. 
 
Methods for Sensitivity Analyses 
  Our first sensitivity analysis evaluated whether the AWV association from the main 
analysis was systematically different among beneficiaries who were invited by phone or email to 
do an AWV by the PCP practice (defined as being outreached) and beneficiaries who were not 
invited. There could be concern that beneficiaries who were outreached by the PCP practices 
already had favorable cost trajectories which could be biasing the results. For this analysis, we 
used data about the numbers of times a PCP practice attempted to contact a patient inviting them 
for an AWV (defined as an outreach attempt). These data were collected through a cloud-based 
platform (termed the “Aledade App”), which permits the PCP practice staff to identify high 



 

 

priority beneficiaries through an AWV worklist, call or email a patient inviting them to schedule 
an AWV, and record the outcome of the conversation (i.e. “Appointment Made,” “Patient 
Refused,” “Left Message,” among others). This analysis was conducted by including a triple 
interaction term between the intervention indicator, time period indicator, and an indicator for 
whether or not the beneficiary had been outreached in 2015.  
Second, we sought to assess the extent to which the matching algorithm was influencing our 
results. Instead of using propensity score matching, we used coarsened exact matching to 
identify a control group.1 Coarsened exact matching does not estimate the probability of 
receiving the intervention, but matches units based on whether their covariate inputs match 
exactly. The comparison group identified via coarsened exact matching was used to estimate the 
association between receiving an AWV and total health care cost. Third, we repeated the main 
analysis (including the matching procedure) only among beneficiaries who were continuously 
attributed throughout the entire study period (2014-2016). Fourth, we excluded intervention 
patients who matched to controls who had an AWV in the post AWV period. Finally, we 
compared the effect of “early” (January 2015-July 2015) AWVs and “late” AWVs (August 
2015-December 2015) to explore the impact of seasonality.  
  



 

 

Results of Sensitivity Analyses 

The first sensitivity analysis included the final analytic sample of 8,917 and evaluated whether 
the AWV effect was different in beneficiaries with and without outreach attempts in 2015. 
Among the 2,407 beneficiaries who had at least one outreach attempt during 2015, 1,805 (75%) 
had an AWV and 602 did not have an AWV (25%). Among the 7,112 beneficiaries who had no 
outreach attempts during 2015, 3,271 (46%) had an AWV and 3,841 did not have an AWV 
(54%). The differential change in cost between the intervention and control group for 
beneficiaries who were outreached was -$455 whereas it was -$383 for those who were not 
outreached. In order to test whether these AWV associations were different from each other, we 
analyzed the three way interaction term which suggested that the AWV association was not 
statistically significantly different between those who were and were not outreached (p for 
interaction = 0.33). This finding provides evidence to suggest that the results reported in the 
main analysis were not being driven by beneficiaries who were identified by PCP practices to 
have favorable cost trajectories. There would have been more evident concerns of selection bias 
had the intervention effect been concentrated only among beneficiaries who had been invited to 
come in for an AWV by the PCP practices.   
 In the second sensitivity analysis, a different comparison group was identified using coarsened 
exact matching and the final sample included a total of 8,655 beneficiaries. An index AWV was 
associated with a differential reduction in total health care cost of $301 (95% CI= -$548, -$54) 
among this sample of beneficiaries. Furthermore, in the third sensitivity analysis that restricted 
the analysis only to those beneficiaries who were continuously attributed, a total of 6,543 
beneficiaries met inclusion criteria. An index AWV was associated with a differential reduction 
in total health care cost of $654 (95% CI= -$1279, -$29). In the fourth sensitivity analysis we 
excluded intervention patients who matched to a control that had an AWV in the post AWV 
period, and confirmed that the results were consistent with the primary analysis. Finally, there 
was no statistically significant evidence that the association between AWVs and cost was 
different between in early versus late months (p for interaction = 0.54). 
  



 

 

eAppendix Table. Characteristics of patients who received an AWV and controls before 
matching process 

Variable Total Population 
N=10660 
(100%) 

AWV 
N = 5292 

(50%) 

No AWV 
N = 5368 

(50%) 

Age 73.1 ± 11.1 73.7 ± 13.0 72.3 ± 11.9 

Gender    

 Male 4610 (43%) 2304 (44%) 2306 (43%) 

 Female 6049 (57%) 2988 (56%) 3061 (57%) 

Race    

 White 9355 (88%) 4590 (87%) 4765 (89%) 

 African-American  1071 (10%) 596 (11%) 475 (9%) 

 Other 234 (2%) 106 (2%) 128 (2%) 

HCC Quartile    

 Q1  1624 (15%) 791 (15%) 833 (16%) 

 Q2  2519 (24%) 1308 (25%) 1211 (23%) 

 Q3  3146 (30%) 1632 (31%) 1514 (28%) 

 Q4  3371(32%) 1561 (29%) 1810 (34%) 

Bene Eligibility Criteria    

 ESRD 37 (0.4%) 7 (0.2%) 30 (0.1%) 

 Disabled 2174 (20%) 913 (17%) 1261 (23%) 

 Aged/Dual 503 (5%) 226 (4%) 277 (5%) 

 Aged/Non-Dual 7946 (75%) 4146 (79%) 3800 (71%) 

ACO    

 Delaware 6010 (64%) 3559 (67%) 2451 (46%) 

 Primary Care 4650 (44%) 1733 (33%) 2917 (54%) 

 
SOURCE: Authors' analysis of data from Centers for Medicare and Medicaid Services (CMS) 
Claim and Claim Line Feed (CCLF). ABBREVIATIONS: AWV, Annual Wellness Visit; ESRD, 
end-stage renal disease; HCC, hierarchical condition category 
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