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Appendix A 
 
To estimate the impact of COVID-19 infection on healthcare utilization, we employed a difference-in-
differences (DiD) analytical framework implemented via Poisson regression. Poisson models were selected due 
to their suitability for count data and common use in health services research to evaluate encounter rates. The 
primary outcome was healthcare utilization, defined as the number of unique clinical encounters per patient. 
 
We compared encounter rates over two six-month observation periods: (1) a post-index period, beginning 14 
days after the COVID-19 test result (positive or negative), and (2) a baseline pre-index period, defined as the 
same calendar months one year prior. This design accounts for seasonality and enables isolation of the effect 
of COVID-19 infection from concurrent secular trends.  
To aid interpretation, adjusted rate ratios were translated into absolute differences in encounters per 1,000 
COVID-19 positive patients using observed visit volumes in the post-period. 
 
Poisson DiD Model Specification 
 
The model is of the form: 

E[Yit] = exp(β0 + β1 ⋅ postt + β2 ⋅ casei + β3 ⋅ (postt × casei) 

where: 
• Yit is the number of encounters for individual i in Wme period t  
• postt is a binary indicator for the post-index period  
• postt × casei is the interaction term capturing the DiD effect.  

This model estimates the log of the expected encounter count, and the coefficients are interpreted as log-rate 
effects. Specifically, the coefficient β3 on the interaction term captures the differential change in encounter 
rates for the exposed group after the index period, compared to the control group. Additionally, because the 
case indicator (β₂) captures all time-invariant individual characteristics, when pre-to-post differences are 
computed, the effects of these stable factors cancel out, so the DiD coefficient (β₃) is not biased by baseline 
health status or other constant individual-level confounders. 

Exponentiating the coefficients gives the multiplicative effect on the expected rate. Thus, the term: 

Rate Ratio (RR) = exp(β3) =  ("#$%/"'(	'*%(	+,	-#,%'#.$)	
("#$%/"'(	'*%(	+,	-*$($)

 

Which is interpreted as the relative change in the encounter rate for the exposed group in the post-index 
period, compared to the unexposed group, adjusting for baseline and time effects. 

Excess Visits per 1,000 Patients 
 
To translate the relative effect into an absolute burden, we estimated the number of excess encounters per 
1,000 individuals attributable to the exposure using: 
 

Excess Visits per 1,000 =   (N_case_post * (1 - 1 / RR)) * (1000 / n_case_post) 
where: 
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• RR is the rate raWo from the interacWon term 
• N_case_post is the total number of encounters observed in the exposed group post-index 
• n_case_post is the number of individuals in the exposed group post-index 

This approach provides an interpretable estimate of the number of encounters attributable to the exposure, 
scaled per 1,000 individuals, while adjusting for time trends observed in controls. 

 
Supplementary Figures and Tables 
 
Supplementary Table 1. Diagnosis code used to select the patients in the respective cohorts.  

Disease Description ICD-10 Codes ICD-9 Codes 

Anxiety Disorders Anxiety, stress-related, somatoform disorders F40–F48 
300.2, 300.01, 300.02, 300.3, 
308.x, 309.81, 300.11, 300.7, 

300.5, 300.6 
Depressive Disorders Major depressive episodes F32.x, F33.x 296.2–296.5, 311 
Drug Poisoning / Overdose Poisoning by drugs T36–T50 960–979 
Diabetes Mellitus All types of diabetes E08–E11, E13, E09 250.0–250.9 
Heart Failure Congestive/unspecified heart failure I50.x 428.0–428.9 
Hyperthyroidism Overactive thyroid E05.x 242.x 
Hypothyroidism Underactive/iatrogenic thyroid function E02–E03, E890 243–244 
Kidney Disease Acute or chronic kidney disease N17.x, N18.x 584.x, 585 
Malignant Neoplasms General cancers C00–C97 140–239 
COVID-19 Positive Confirmed or history of COVID-19 U07.%, U09.% – 
COVID-19 Negative / Screening Screening/absence/contact exposure Z03.81.%, Z11.59.%, Z20.82.% – 

 
 

 
 
Supplementary Table 2. Documentation of the socioeconomic indicators at the U.S. Census tract level in Washington, D.C., 
Maryland, and Virginia, sourced from the American Community Survey (ACS) for the year 2020. 

Domain / Variable Name Description Relevance to Healthcare Utilization 
Income Median household income                                                                 

(dollars, inflation-adjusted to data file year) 
Income levels affect affordability of care, insurance 

coverage, and medication adherence. ACS_MEDIAN_HH_INC 
Education Percentage of population with a master’s, professional school 

degree, or doctorate (ages 25 and over) 
Educational attainment is linked to health literacy, care-

seeking behavior, and chronic disease outcomes. ACS_PCT_GRADUATE_DGR 
Poverty/Food Security Percentage of households receiving food stamps/SNAP 

benefits with income below the poverty level 
Reflects food insecurity, which is linked to chronic disease 

risk and poor care management. ACS_PCT_HH_FOOD_STMP_BLW_POV 

 
 
 
Supplementary Table 3. Patient counts by condition and COVID-19 status before matching. Conditions are not mutually exclusive — 
patients may appear in more than one row if they had multiple conditions. 

 COVID-19 Negative COVID-19 Positive 
Total Patients 47,542 10,651 
Anxiety Disorders 21,876 4,414 
Malignant Neoplasms 9,646 1,447 
Depressive Disorders 14,130 2,786 
Diabetes Mellitus 16,926 4,923 
Drug Poisoning / Overdose 6,524 1,732 
Heart Failure 6,473 1,529 
Hyperthyroidism 1,412 270 
Hypothyroidism 8,127 1,534 
Kidney Disease 10,624 2,939 

Counts represent individuals in the final geocoded analytic cohort with valid census tract data from Washington, DC; Maryland (MD); or Virginia (VA), who were 
successfully linked to diagnosis records and stratified by COVID-19 test status. For each COVID-19 positive patient, only one COVID-19 negative patient was selected for 
subsequent analysis. Patients may serve as a case for more than one condition, and similarly, controls may be included across multiple disease categories. The total 
number of distinct patients included in the study across all conditions and the disease-specific patient counts are provided in Table 1. 
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Supplementary Table 4. Count of encounters for matched patients by disease, period, encounter type and insurance status.  
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Supplementary Figure 1. Geographical distribution of the socioeconomic indicators at the U.S. Census tract level in Washington, D.C., 
Maryland, and Virginia for the year 2020. Data reflect variation (high, medium, low) across tracts in median household income, 
educational attainment (percentage with graduate or professional degrees), and the percentage of households receiving food 
stamps/SNAP below the poverty level, based on the American Community Survey (ACS). 
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Supplementary Figure 2. Secular trend in matched case-control cohorts by pre-existing condition.  
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Supplementary Figure 3. Secular trend in matched case-control cohorts by pre-existing condition and encounter type.  
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Encounter categories were derived by combining structured information from encounter type and admission type fields. Inpatient includes inpatient and observation 
stays. Outpatient includes visits classified as outpatient, home health, or preadmission. Emergency encounters include only those explicitly labeled as emergency 
encounters with a corresponding emergency admission. Virtual encounters include telehealth visits and secure inbox messages. Encounters with incomplete or 
conflicting data were excluded. 
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Supplementary Figure 4. Healthcare utilization associated with positive versus negative COVID-19 test results. The difference-in-
differences parameter represents the adjusted change in encounter rates comparing post- versus pre-periods, estimated using 
Poisson regression models. Significance codes: "***" p ≤ 0.001; "**" p ≤ 0.01; "*" p ≤ 0.05; "." p ≤ 0.10. Colors indicate disease 
categories only for statistically significant estimates in bold (p ≤ 0.10). 
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Supplementary Figure 5. Healthcare utilization associated with positive versus negative COVID-19 test results. The difference-in-
differences parameter represents the adjusted change in encounter rates comparing post- versus pre-periods, estimated using 
Poisson regression models overall (A) and by study disease group (B). Bold for p ≤ 0.10. Significance codes: "***" p ≤ 0.001; "**" p ≤ 
0.01; "*" p ≤ 0.05; "." p ≤ 0.10. 
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