
 

 

eAppendix 
Identification of Control Cohort  

 

Using claims data, unenrolled members were identified by the logic below: 

• A review of pharmacy claims was used to identify any members who filled a diabetes-

related prescription. 

• A review of medical claims was used to further identify any members who received 

medical care coded with a diabetes-related diagnosis code per below: 

o For claims coded with ICD9 codes, the following codes/wildcards were used: 

§ 250* 

§ 2714* 

§ 3620* 

§ V5867 

§ 36641 

§ 3572* 

o For claims coded with ICD10 codes, the following codes/wildcards were used: 

§ E10*  

§ E11* 

§ E13* 

§ O241* 

§  O243* 

§ O248* 

§ O249* 

§ Z794* 

  



 

 

eAppendix Figure. Time block representing an enrolled subject and matched, unenrolled 

counterpart 
 

2016-2017 Time Block 
 

 

 

 

 

 

 

 
 
 
 

 
 
  

1Date that the matched member enrolled in DCR program. 
2 Index date for the matched, unenrolled counterpart (where 24 months of continuous data were available in this 
time block).  
 

12 contiguous months 12 contiguous months 

Pre-Intervention Post-Intervention 8/2/20161 

12 contiguous months 12 contiguous months 

Post-Intervention Pre-Intervention 9/1/20172 



 

 

Adjusted Outcome Models 
 
Statistical Methods 

 

In the adjusted analysis, we employed outcome models in the matched sample (i.e., adjusted for 

the propensity score) to allow for further adjustment of possible residual confounding by total 

pre-enrollment costs and region, and possibly age and Elixhauser Index (Austin, 2017; Nguyen, 

2017). As determined by the standardized mean difference, there were imbalances in the 

matched sample for both total pre-enrollment costs and region. To allow the model to be more 

flexible, we included total pre-enrollment cost as a continuous variable centered on its mean with 

quadratic splines, while we included continuous terms for age and Elixhauser Index and 

categorical terms for region (Northeast vs. elsewhere). Binary outcomes were modeled using a 

log-binomial regression to obtain risk ratios, count outcomes were modeled using zero-inflated 

negative binomial regression or negative binomial regression to obtain rate ratios, and costs were 

modeled using gamma regression with both log and identity links to obtain both cost ratios and 

differences. In a few instances, the models for the risk ratios did not converge and log-Poisson 

models, which provide consistent but not fully efficient estimates of the risk ratio, were used 

(Spiegelman and Hertzmark, 2005). For binary outcomes, odds ratios based on logistic 

regression models were also reported. 

 
For the receipt of medical care outcomes and hospital admission, we checked for collinearity 

between the predictors enrollment status, total pre-enrollment cost, age, Elixhauser Index, and 

region and no evidence of collinearity was found (i.e., the variance inflation factor was < 2 for 

each variable). We also confirmed through visual inspection that there was a log-linear 

relationship between each of the medical care outcomes and total pre-enrollment costs.  

 

For the outcome number of hospital days outcome, there was overdispersion; that is, the variance 

was much larger than the mean (mean = 1.42, variance = 45.36), due in part, to the large number 

of observations with a hospital length stay of zero days (2893/3318, 87%). We fit this model 

using a zero-inflated negative binomial regression and compared this model to a log-poison 

model using the Vuong z-statistic (p < 0.001), indicating that the zero-inflated negative binomial 



 

 

model is a better fit. For the zero-inflated model, we obtained standard errors using a bootstrap 

(using 200 bootstrap resamples) to compute corresponding confidence intervals  

 

For the outcome number of hospital admits, there was also overdispersion; that is, the variance 

was much larger than the mean (mean = 0.25, variance = 1.03), due in part, to the large number 

of observations with zero hospital admits (2893/3318, 87%). We attempted to fit a zero-inflated 

negative binomial regression, as well as a zero-inflated Poisson regression; however, neither 

model converged. We instead fit a negative binomial regression, which was a better fit than the 

Poisson model (Chi-square statistics = 906.9, P value < 0.001). For the negative binomial 

regression, the Pearson residuals from this model indicated a possible lack of fit (Chi-square 

statistic = 4,712.91; P value <0.001); however, the deviance did not indicate a possible lack of fit 

(Chi-square statistic = 1,277.31; P value = 0.99). 

 

For the outcome number of physician visits, there was also overdispersion; that is, the variance 

was much larger than the mean (mean = 6.76, variance = 90.43), due in part, to the large number 

of observations with zero physician visits (865/3318, 26%). We fit this model using a zero-

inflated negative binomial regression and compared this model to a log-poison model using the 

Vuong z-statistic (p < 0.001), indicating that the zero-inflated negative binomial model is a better 

fit. For the zero-inflated model, we obtained standard errors using a bootstrap (using 200 

bootstrap resamples) to compute corresponding confidence intervals.  

 

For the cost outcomes, we employed gamma regression models, which assume a constant 

coefficient of variation and that the variance is proportional to the square of the mean. We fit this 

model using both identity and log links to obtain estimated cost ratios and cost differences, 

respectively. For pharmacy costs adjusted for pre-enrollment total cost (centered on its mean), 

region, and the propensity score, an identity link with the gamma distribution fit better than the 

log link (log-link AIC= 47,138, identity link AIC= 46,278). For medical costs adjusted for pre-

enrollment total cost and region, an identity link with the gamma distribution fit better than the 

log link (log-link AIC= 51684, identity link AIC= 51454).  

 



 

 

The additional adjustment variables were correlated in the following way in this data set: pre-

enrollment total cost and Elixhauser (rho = 0.50), age and Elixhauser (rho = 0.27), age and 

propensity score (rho = 0.23), Elixhauser and propensity score (rho = 0.20), pre-enrollment total 

cost and propensity score (rho = -0.04), and pre-enrollment total cost and age (rho = 0.03). In 

some models, these correlations lead to numerical instability, so continuous variables were 

redefined to binary (e.g., split at median) or categorical variables were redefined to binary (e.g., 

1 vs. 2, 3, or 4).  

 

Results 

eAppendix Table 1 displays the estimated effects of enrollment in the program on medical care 

and service outcomes in the matched sample. eAppendix Table 2 displays the estimated effects 

of enrollment in the program on cost outcomes in the matched sample adjusted for additional 

variables as continuous covariates. eAppendix Table 3 displays the estimated effects of 

enrollment in the program on cost outcomes in the matched sample adjusted for pre-enrollment 

total cost with a spline and additional variables as continuous covariates. For example, after 

adjusting for pre-enrollment total costs (spline) and region in the matched sample, enrollees had 

an estimated 32% increase in the likelihood of receiving an HBA1C test, as compare to non-

enrollees (95% confidence interval (CI): 1.25, 1.40). After adjusting for pre-enrollment total 

costs, the propensity score, and region in the matched sample, enrollees had 20% reduction in 

medical costs (95% CI: 0.69, 0.92), which corresponds to an absolute estimated average 

reduction of $125 per member per month, as compared to non-enrollees (95% CI = -225.80, -

23.91). 
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eAppendix Table 1. Estimated effects of Diabetes Care Program on Medical Care and Service Outcomes in the Matched Sample of 

Enrollees and Non-Enrollees (n = 3,318). All comparisons are enrolled vs. non-enrolled.1 
Outcome Unadjusted Adjusted for Region 

and Pre-Enrollment 
Total Cost 
(continuous)  

Adjusted for Region 
and Pre-Enrollment 
Total Cost 
(continuous with 
quadratic spline)  

Adjusted for 
Region, Age, 
Elixhauser 
(continuous) and 
Pre-Enrollment 
Total Cost 
(continuous) 

Adjusted for 
Region, Age and 
Elixhauser 
(continuous), and 
Pre-Enrollment 
Total Cost 
(continuous with 
quadratic spline) 

Receipt of Medical Care 
(Yes vs. No) 

Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) 

A1C Test 1.31 (1.23, 1.39) 1.35 (1.27, 1.43)2 1.32 (1.25, 1.40)2 1.34 (1.26, 1.43)2 1.31 (1.24, 1.39)2 
Lipid Panel 1.09 (1.04, 1.14) 1.10 (1.05, 1.15)2 1.09 (1.05, 1.14)2 1.10 (1.05, 1.15)2 1.09 (1.05, 1.14)2 
Urine ACR Test 1.36 (1.27, 1.45) 1.40 (1.31, 1.50)2 1.38 (1.29, 1.47)2 1.40 (1.31, 1.50)2 1.38 (1.29, 1.47)2 
Service Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI) 
Hospital Admission 
(Yes vs. No) 

0.54 (0.45, 0.65) 0.63 (0.52, 0.76)2 0.62 (0.51, 0.75)2 0.64 (0.53, 0.77)2 0.64 (0.54, 0.77)2 

Physician Visit 
(Yes vs. No) 

1.18 (1.14, 1.23) 1.20 (1.15, 1.25)2 1.19 (1.15, 1.24)2 1.20 (1.15, 1.25)2 1.19 (1.14, 1.24)2 

 Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI) 
Hospital Admission 
(Yes vs. No) 

0.49 (0.40, 0.61) 0.57 (0.46, 0.71) 0.56 (0.45, 0.70) 0.57 (0.45, 0.71) 0.56 (0.45, 0.71) 

Physician Visit 
(Yes vs. No) 

1.92 (1.64, 2.25) 2.03 (1.73, 2.38) 2.01 (1.71, 2.37) 2.01 (1.71, 2.37) 2.00 (1.70, 2.36) 

 Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CI) 
Hospital Stay Length3 
(Days per 12 months) 

0.54 (0.37, 0.80) 0.65 (0.45, 0.94)4 0.66 (0.43, 1.01) 0.68 (0.47, 0.98)4,5 0.66 (0.47, 0.92) 

Hospital Admission6 
(Admits per 12 months) 

0.35 (0.27, 0.44) 0.47 (0.37, 0.59) 0.46 (0.37, 0.58) 0.47 (0.38, 0.58) 0.47 (0.37, 0.58) 

Physician Visits7 
(per 12 months) 

1.30 (1.16, 1.45) 1.43 (1.30, 1.57)4 1.39 (1.26, 1.53) 1.59 (1.44, 1.74) 1.38 (1.25, 1.52) 



 

 

 

1 Effect estimates are displayed as risk ratios or odds ratios for binary outcomes and rate ratios for count outcomes with corresponding 

95% confidence intervals (CI). 
2 These log-Binomial models did not converge and log-Poisson models, which provide consistent but not fully efficient estimates of 

the risk ratio, were used. 
3  Due to the large number of patients with no hospital admissions (and zero days for length of hospital stay), this model was fit using a 

zero-inflated negative binomial regression and corresponding 95% confidence intervals (CI) were obtained using a bootstrap 

resampling procedure.  
4  Due to model convergence issues, region was included as a binary variable (Northeast vs. elsewhere). 
5  For the bootstrap standard error for the confidence intervals of the rate ratios for the outcome hospital stay length adjusted for pre-

enrollment total costs (continuous), age, and Elixhauser index, the bootstrap standard error is based on those at least 200 samples for 

which the model converged.  
6 Due to the large number of patients with no hospital admissions, this model was fit using a negative binomial generalized linear 

model and corresponding 95% confidence intervals (CI) were obtained using a model-based standard error. 
7  Due to the large number of patients with no physician visits, this model was fit using a zero-inflated negative binomial regression 

and corresponding 95% confidence intervals (CI) were obtained using a bootstrap resampling procedure. The model adjusted for pre-

enrollment total costs (continuous), region, age, and Elixhauser index did not converge with the zero-inflated model, so a negative 

binomial regression was employed instead. 



 

 

eAppendix Table 2. Estimated effects of Diabetes Care Program on Cost Outcomes in the Matched Sample of Enrollees and non-

Enrollees (n = 3,318). All comparisons are enrolled vs. non-enrolled. Additional variables adjusted for as continuous covariates.1 

 

Outcome Unadjusted Adjusted for Propensity 
Score 

Adjusted for Propensity 
Score, Region, and Pre-
Enrollment Total Cost 
(continuous)  

Adjusted for Propensity 
Score, Region, Age, 
Elixhauser (continuous), 
and Pre-Enrollment Total 
Cost (continuous) 

Cost (per member 
per month) 

Cost Ratio (95% CI) Cost Ratio (95% CI) Cost Ratio (95% CI) Cost Ratio (95% CI) 

Pharmacy 0.87 (0.76, 1.00) 0.88 (0.76, 1.01) 1.37 (1.22, 1.53) 1.35 (1.21, 1.51) 

Medical 0.58 (0.51, 0.67) 0.58 (0.51, 0.67) 0.80 (0.69, 0.92) 0.78 (0.68, 0.89) 

 Cost Difference (95% CI) Cost Difference (95% CI) Cost Difference (95% CI) Cost Difference (95% CI) 

Pharmacy -86.86 (-176.10, 2.39) -77.50 (-167.77, 12.77) 75.03 (52.66, 97.40)2 72.67 (50.80, 94.54)3 

Medical -650.50 (-827.24, -473.77) -653.40 (-830.35, -476.44) -124.90 (-225.80, -23.91)2 -138.00 (-232.20, -43.80)4 
1 Effect estimates are displayed as cost ratios and cost differences with corresponding 95% confidence intervals (CI). 
2 The model adjusted for propensity score, pre-enrollment total costs (continuous), and region did not converge for the Gamma 

regression with an identity link, so this model excludes the propensity score. 
3 The model adjusted for propensity score, pre-enrollment total costs (continuous), region, age and Elixhauser status did not converge 

for the Gamma regression with an identity link, so this model excludes the propensity score. 
4 The model adjusted for propensity score, pre-enrollment total costs (continuous), region, age, and Elixhauser status did not converge 

for the Gamma regression with an identity link, so this model excludes the propensity score and has binary terms for age (≤ 55.5 

years vs. 55.5 years) and region (Northeast vs. elsewhere).



 

 

eAppendix Table 3. Estimated effects of Diabetes Care Program on Cost Outcomes in the 

Matched Sample of Enrollees and non-Enrollees (n = 3,318). All comparisons are enrolled vs. 

non-enrolled. Pre-enrollment cost included with a quadratic spline and additional variables 

adjusted for as continuous covariates. 

 

Outcome Adjusted for Propensity 

Score, Region, and Pre-

Enrollment Total Cost 

(continuous with 

quadratic spline)  

Adjusted for Propensity 

Score, Region, Age and 
Elixhauser (continuous), 

and Pre-Enrollment Total 

Cost (continuous with 

quadratic spline) 

Cost (per member per 

month) 

Cost Ratio (95% CI) Cost Ratio (95% CI) 

     Pharmacy 1.43 (1.27, 1.62) 1.43 (1.26, 1.61) 

     Medical 0.79 (0.67, 0.91) 0.77 (0.66, 0.89) 

 Average Cost Difference 

(95% CI) 

Average Cost Difference 

(95% CI) 

     Pharmacy 67.41 (44.97, 89.85)2 67.31 (45.15, 89.46)3 

     Medical -129.10 (-230.77, -27.34)4 -137.70 (-231.91, -43.53)5 
 

1 Effect estimates are displayed as cost ratios and cost differences with corresponding 95% 

confidence intervals (CI). 
2 The model adjusted for propensity score, pre-enrollment total costs (spline) and region did not 

converge for the Gamma regression with an identity link, so this model excluded the propensity 

score and included a binary term for region (Northeast vs. elsewhere). 
3 The model adjusted for propensity score, pre-enrollment total costs (spline), region, age, and 

Elixhauser status did not converge for the Gamma regression with an identity link, so this model 

excluded the propensity score and Elixhauser status, included a binary term for region (Northeast 

vs. elsewhere)  and included a binary term for age (≤ 55.5 years vs. 55.5 years). 



 

 

4 The model adjusted for propensity score, pre-enrollment total costs (spline), and region did not 

converge for the Gamma regression with an identity link, so this model excluded the propensity 

score, included a quadratic term for pre-enrollment total costs (instead of the spline), and 

included a binary term for region (1 vs. 2, 3 or 4). 
5 The model adjusted for propensity score, pre-enrollment total costs (spline), region, age, and 
Elixhauser status did not converge for the Gamma regression with an identity link, so a quadratic 
term is included for pre-enrollment total costs (instead of the spline), and included a binary term 
for region (Northeast vs. elsewhere) and a binary term for age (≤ 55.5 years vs. 55.5 years) 


