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eAppendix 

A. Methods - Sensitivity Analyses 

As noted in the manuscript, we conducted sensitivity analyses that examine our outcomes 

within the subsample of patients who were present throughout the study period. The findings in 

this subset of patients, shown in Appendix Table 1, did not differ statistically significantly from 

the results in the entire study cohort as presented in the paper. 

eTable A1. Association between EHR use and clinical events and office visits: Sensitivity analysis among 

continuously enrolled patients  

 Event 

Predicted number of 

events per 1,000 patients 

per year 

Adjusted change in events per 1,000 

patients per year  

  No EHR EHR EHR vs. No EHR  95% CI 

Hospitalization 179.12 172.94 -6.18 -11.56 -0.79 

Non-elective Hospitalization 119.52 114.48 -5.04 (-9.24, -0.96) 

Hospitalization for an ACSC 39.60 36.60 -3.00 (-5.28, -0.72) 

ED visit 410.04 389.16 -20.88 (-29.04, -12.72) 

Office visit 6033.24 6008.88 -24.24 (-62.76, 14.28) 

 

Model:  linear regression with patient-level fixed effect, adjusted for seasonality and medical specific 

secular trend. 
Note: N of continuously enrolled patients: 105,814; this analysis includes 3,522,622 person-months with 

no EHR and 4,095,986 person-months with EHR use. 

We calculated predicted event rates for period with and without the EHR using the coefficients from the 

regression model and treating all patients as if they were in the period with and without EHR respectively. 

We multiplied monthly per-patient findings by 12 to estimate annual effects. 

EHR=electronic health record; ED=Emergency Department; ACSC=Ambulatory Care Sensitive Condition 

 

 

We also used sensitivity analyses to examine the effect of different analytic models.  Table A2 

shows the results from a linear regression model with patient-level random-effect (STATA xtreg, 

re option). In this analysis we adjusted for the patient’s age, gender, race/ethnicity, 
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neighborhood SES, baseline DxCG risk score, medical center, seasonality (calendar month) 

and secular trend. We defined a patient as having a low SES neighborhood using 2000 US 

census block-groups with 20% of residents having household incomes below the federal poverty 

level or 25% of residents 25 years old having  less than a high-school education. Since the 

DxCG scale differs by Medicare insurance status, we included an interaction between the 

patient’s risk score and Medicare status. As in the main analysis presented in the paper, we 

used a term for the month (1-72) in the study period and the quadratic form of month in order to 

adjust for secular trends and allowed for medical center specific secular trends by including 

interaction terms between the medical center and trend. We calculated predicted event rates 

using the same technique presented in the main analysis and multiplied monthly per-patient 

findings by 12 to estimate annual effects. 

 

The findings from this analytic model did not differ significantly from the fixed-effects strategy 

presented in the main paper. We chose to present the results from the within-patient fixed 

effects analysis because it eliminates the bias caused by possible omission of unmeasured 

time-stable confounders and dependency due to persistent random effects connected with 

patients, physicians, facilities and centers (detailed description of the properties of fixed effects 

analysis is available upon request).   
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eTable A2. Association between EHR use and clinical events and office visits: Sensitivity analysis using 
linear regression model with patient-level random effect 

 Event 

Predicted number of 

events per 1,000 patients 

per year 

Adjusted change in events per 1,000 

patients per year  

  No EHR EHR EHR vs. No EHR  95% CI 

Hospitalization 302.14 295.12 -7.01 (-12.05 -1.97) 

Non-elective Hospitalization 220.92 214.56 -6.36 (-10.44, -2.28) 

Hospitalization for an ACSC 87.72 82.56 -5.04 (-7.56, -2.64) 

ED visit 586.56 565.56 -21.00 (-28.32, -13.68) 

Office visit 6306.96 6310.80 3.84 (-23.04, 30.84) 

 

Model:  linear regression with patient-level random effect, adjusted for  the patient’s age, gender, 

race/ethnicity, neighborhood SES, baseline DxCG risk score, medical center, seasonality and medical 

center specific secular trend. 
Note: All 169,711 patients in the study are included in this analysis; including all 4,997,585 person-

months with no EHR and 4,648,572 person-months with EHR use. The mean DxCG score in the 

population was 0.655, (SD 0.912). 

We calculated predicted event rates for period with and without the EHR using the coefficients from the 

regression model and treating all patients as if they were in the period with and without EHR respectively. 

We multiplied monthly per-patient findings by 12 to estimate annual effects.  

EHR=electronic health record; ED=Emergency Department; ACSC=Ambulatory Care Sensitive Condition 
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B. Results - Unadjusted Descriptive Data 

Figure A1 shows the descriptive unadjusted hospitalization rates among our study patient 

cohort across all medical centers during the study period (2004-2009).  Figures A4-A18 show 

the descriptive rates for each of 17 medical centers separately. These figures also show the 

linear trend in hospitalizations when no EHR is in use (blue line), the projected linear trend in 

hospitalizations from when no EHR was in use (blue dotted line), and actual linear trends post-

EHR implementation (red line).  

As expected, in these unadjusted plots there is variability in the monthly rates of 

hospitalizations, and variation across medical centers in the change associated with EHR 

implementation. Still, both overall and in a majority of the individual medical centers, there 

appears to be a shift in the slope or in the rate of hospitalizations between the pre-EHR and 

post-EHR periods. 

These descriptive data are consistent with the finding in more rigorous multivariable analysis, 

presented in Table 2 in the main paper, of an association between EHR use and a reduction in 

hospitalization rates. These unadjusted plots, however, do not show or account for the trend in 

events over the study period and the seasonality in rates. Our multivariable analyses account 

for these secular trends and also account for time-stable patient and medical-center 

characteristics. 
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Figure A1. Unadjusted monthly rate of hospitalizations during study period 2004-2009 (months 
1-72) across all medical centers (N=169,711) 

 

Note: The trend line for period with no EHR is shown in blue and the trend line for the period after which all centers 

have implemented the EHR in red. The blue dotted line represents the projected pre-EHR trend during the post-EHR 

period. Months during the EHR implementation period are shown in gray, and are not incorporated into any trend line. 
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Figure A4-A18. Unadjusted monthly rate of hospitalizations during study period 2004-2009 (months 1-72) for each medical center (1-
17) 

Note: Plots show the unadjusted trend line for period with no EHR in blue and the period after EHR implementation in red. Medical centers are shown in 

alphabetical order. 

Months during the EHR implementation period are plotted in gray, and are not used in any trend line. The EHR status in our study analyses was defined at the 

facility level, and facilities generally implemented the EHR within one month. Since many medical centers have several facilities, however, some plots show 

multiple months during the implementation period. 
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C. Results – Hospitalization for specific primary diagnosis 

 
Table A3 shows the association between EHR use and the rate of hospitalizations 

specifically for a diabetes or cardiovascular primary diagnosis. As reported in the main 

paper, the EHR was not associated with statistically significant differences in 

hospitalizations specifically for diabetes exacerbations, long-term diabetes 

complications, or cardiovascular conditions; however, these events were extremely rare, 

even in our large cohort. 

 
Table A3. Association between EHR use and Hospitalization for a Diabetes-related or 

Cardiovascular primary diagnoses 

 Event 

Predicted number of 

events per 1,000 patients 

per year 

Adjusted change in events per 1,000 

patients per year  

  No EHR EHR EHR vs. No EHR  95% CI 

Hospitalization for long term 

diabetes-related complication 4.20 3.72 -0.48 (-1.08, 0.12) 

Hospitalization for short term and 

other diabetes complication* 3.48 3.48 -0.12 (-0.72, 0.48) 

Hospitalization for cardiovascular 

condition 14.76 14.16 -0.48 (-1.92, 0.84) 

Model:  linear regression with patient-level fixed effect, adjusted for seasonality and medical 

specific secular trend. 
Note: We calculated predicted event rates for period with and without the EHR using the 

coefficients from the regression model and treating all patients as if they were in the period with 

and without EHR respectively. We multiplied monthly per-patient findings by 12 to estimate 

annual effects. 

EHR=electronic health record; ED=Emergency Department; ACSC=Ambulatory Care Sensitive 

Condition 

* includes diabetes with short-term complications, uncontrolled diabetes and hyperglycemia 

 


