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Background.



What Are Excess Deaths?.

Excess deaths are typically defined as the 
difference between the observed number of 

deaths in a specific time period and expected 
number of deaths in the same time period.

Image from: https://www.washingtonpost.com/investigations/2020/05/02/excess-deaths-during-covid-19/



What Are the Different Types of Excess Deaths?.

Adapted from tweet from: https://twitter.com/andrewnoymer/status/1241620288825167874?lang=en

1. Directly assigned deaths

2. Excess deaths not assigned to Covid-19

○ “Misclassified” deaths

○ Indirect deaths



Directly Assigned Deaths.

456,900 directly assigned deaths 
(as of February 5, 2021)

Image from: https://coronavirus.jhu.edu/map.html



“Misclassified” Deaths.

Chart (top) from: https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm

Figures (bottom) from: https://www.politico.com/news/2020/09/16/dementia-deaths-coronavirus-nursing-homes-416530



Indirect Deaths.

Infographic and Table (top) from: https://www.cdc.gov/mmwr/volumes/69/wr/mm6923e1.htm | Graph (bottom) from: 

https://lernercenter.syr.edu/2020/11/17/ds-30/ (data source: CDC’s Outpatient Influenza-like Illness Surveillance Network)



How Many Excess Deaths Have Occured?.

Graph from: Weinberger DM, Chen J, Cohen T, et al. Estimation of Excess Deaths Associated With the COVID-19 Pandemic in the 

United States, March to May 2020. JAMA Intern Med. Published online July 01, 2020. doi:10.1001/jamainternmed.2020.3391

% of Excess Deaths Not Assigned to Covid-19: 22% (05/30/2020) 

% of Excess Deaths Not Assigned to Covid-19: 31% (11/21/2020) 



How Many Excess Deaths Have Occured?.

Graph from: Woolf SH, Chapman DA, Sabo RT, Weinberger DM, Hill L, Taylor DDH. Excess Deaths From COVID-19 and Other 

Causes, March-July 2020. JAMA. 2020;324(15):1562–1564. doi:10.1001/jama.2020.19545 (highlighted dates are reopening dates)

% of Excess Deaths Not Assigned to Covid-19: 33% (08/01/2020) 



What Is Known About Inequities in Excess Deaths?.

Graph from: https://covidtracking.com/race (crude direct Covid-19 death rates)



What Is Known About Inequities in Excess Deaths?.

Graph from: https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolving

covid19bylocalareasanddeprivation/deathsoccurringbetween1marchand31may2020



Gaps in the Literature and Our Approach.

● The primary limitation of prior work is that the use of 

aggregated national and state-level data has made it difficult for 

researchers to examine inequities in excess deaths.

● Our approach is to use county-level data and area-level 

measures as a proxy for sociodemographic and health factors.



Research Question and Hypothesis.



Research Question.

1. What are the total number of excess deaths associated with the 

Covid-19 pandemic to-date?

2. How do excess deaths not directly assigned to Covid-19 differ 

by sociodemographic and health factors?



Research Question.

● Our hypothesis is that Covid-19 mortality and inequities in 

Covid-19 mortality are underestimated by direct death tallies.

● Why?

a. Disparities in testing and higher rate of comorbid conditions 

may lead to less accurate cause of death assignment

b. Structural factors in health care may lead to more indirect 

deaths (insurance, access to care, location of care, past 

experiences at health care facility)

c. Disproportionate social and economic consequences of the 

Covid-19 pandemic (stress, food insecurity, evictions, loss 

of employment, social isolation/loneliness)



Methods.



Methods.

● We take advantage of spatial variation in Covid-19 mortality 

across US counties to estimate its relationship with all-cause 

mortality across all counties. 

● We anticipate that counties with higher mortality from Covid-19 

will also have experienced greater increases in mortality from 

other causes of death because the impact of the pandemic is 

not registered in Covid-19 deaths alone. 

● We use the relationship between Covid-19 mortality and 

changing mortality from all causes of death to estimate excess 

mortality not directly assigned to Covid-19 as a cause of death.

● We then examine how the extent of excess mortality not 

assigned to Covid-19 varies across subsets of counties.



Methods.

● The value of β1 represents the extent to which past levels of all-

cause mortality in a county are replicated in 2020.

● Combinations of α and β1 indicate how mortality changes not 

associated with Covid-19 vary with all-cause mortality in 2013-18. 

● The value of β2 indicates the extent to which mortality from Covid-

19 affects all-cause mortality in 2020. 



Methods.

● NCHS provisional county-level data on all-cause mortality and 

direct Covid-19 deaths from February 1 to October 17, 2020 

reported before December 15, 2020; dataset limited to counties 

with more than 20 Covid-19 deaths

● Constructed a historical comparison period using CDC Wonder 

data from February to October 2013 through 2018

● Used county-level sociodemographic and health factors from 

the Robert Wood Johnson Foundation County Health Rankings

● Used U.S. Census population estimates for 2013-2018, 2020; 

weighted our models using the 2020 county population

● To identify factors associated with having a higher percentage 

of excess deaths not assigned to Covid-19, we produced fully 

stratified models using population weighted quartiles.



Findings.



Findings.

n=787 counties
(counties with more than 20 direct Covid-19 deaths as of October 17, 2020)



Findings.



Findings.

● Given the observed range of 2013-18 death rates, the combination of α and 

β1 implies that crude all-cause mortality rose on average across counties 

between 2013-18 and 2020. The value of β2 suggests that, for every 100 

deaths assigned to Covid-19, the number of all-cause deaths rose by 144. 

● In sensitivity analyses, we repeated these analyses using negative binomial 

regression models and indirectly age-standardized death rates.



Findings.

199,124 
Directly Assigned 

Covid-19 Deaths 

88,142
Excess Deaths Not

Assigned to Covid-19

[95% CI, 59,709 

to 116,576]

287,266
Total Excess 

Deaths 

[95% CI, 258,833 

to 315,700] 

For every 100 deaths assigned to Covid-19, 

the number of all-cause deaths rose by 144 

(95% CI, 130 to 159). 31% [95% CI, 24% to 

38%] of all excess deaths were not directly 

assigned to Covid-19 on death certificates.

+ =



Findings.

Fully Stratified Analysis:

● We examined how county-level 

characteristics modified the β2 

coefficient (relationship between the 

rate of direct Covid-19 deaths and the 

rate of excess deaths from all causes).

● We compared counties in the upper 

and lower quartiles for various 

sociodemographic and health factors.

● We found that there were a larger 

percentage of excess deaths not 

assigned to Covid-19 in counties that 

were more rural, had lower median 

household incomes, less education, 

more comorbidities, and located in the 

South.



Findings.

Decomposition Analysis:

● We calculated mean 

directly assigned Covid-

19 death rates and 

predicted excess death 

rates not assigned to 

Covid-19 using the β2 

coefficient.

● Counties with more non-

Hispanic Black 

residents, who are 

already at high risk of 

Covid-19 death based 

on direct counts, also 

reported a substantial 

burden of excess deaths 

not assigned to Covid-

19.  



Next Steps.

Article: https://www.statnews.com/2021/01/25/undercounting-covid-19-deaths-greatest-in-pro-trump-areas-analysis-shows/



Next Steps.



Limitations, Conclusions and Next Steps.



Limitations.

● Provisional all-cause and direct Covid-19 data for 2020

● Some counties that are currently reporting lower all-cause 

mortality in 2020 than in the historical period likely have 

incomplete data. 

● Another challenge was that the majority of counties in the study 

had fewer than 50 directly assigned covid-19 deaths. 

● The sociodemographic and health factors examined in this 

analysis were based on data from 2010 through 2018.

● The counties included in this dataset (n=787) may not be 

generalizable to the entire United States.



Conclusions.

● Direct Covid-19 death counts in 2020 substantially 

underestimated total excess mortality attributable to Covid-19. 

● Inequities in Covid-19 mortality also increased when excess 

deaths not assigned to Covid-19 were considered. 

● Our results highlight the significant role of social determinants 

of health in Covid-19 mortality and the importance of 

considering health equity in the policy response to the 

pandemic.



Next Steps with the MarketScan Database.



MarketScan.

● In February 2021, we entered an agreement with IBM Watson 

for a limited edition dataset for Covid-19 research 

(MarketScan). 

● The data provide information on medical claims from hospitals 

and practices across the US, including records related to billing 

for procedures, diagnostic codes, pharmacy orders, etc. 



MarketScan.

● The contract with IBM Watson includes 5 data components to 

be shared with Boston University

● Respiratory subset (9 million patients, 338 GB, 42 files)

● Circulatory subset (10 million patients, 403 GB, 42 files)

● Metabolic subset (11 million patients, 400 GB, 42 files)

● Infections subset (4 million patients, 124 GB, 42 files)

● 10% Random Sample subset (5 million patients, 1.5 TB, 42 files)

● We are one of four teams nationally with access to the limited 

edition dataset 



MarketScan.

● The Inpatient Admissions Table contains records that summarize information about a hospital admission. IBM Watson Health constructs this 

table after identifying all of the service records associated with an admission (e.g., the hospital claims, physician claims, surgeon claims, and 

claims from independent labs). Similar information (such as payments for professional services) is then summed across the claims. The 

admission record includes the principal procedure and diagnosis, Major Diagnostic Category, and Diagnosis-Related Group. It also includes 

all diagnoses and procedures (up to 14 each) found on the service records.

● The Inpatient Services Table contains the individual claims that are summed to create the inpatient admission records. An admission 

identifier on both the Inpatient Admissions and the Inpatient Services Tables identifies the claims that make up each admission record.

● The Outpatient Services Table comprises services that were rendered in a doctor’s office, hospital outpatient facility, or other outpatient 

facility.

● The Facility Header Table contains the header records from facility claims for inpatient and outpatient services, including full diagnosis 

information.

● The Outpatient Pharmaceutical Claims Table contains outpatient prescription drug data from multiple sources, including mail-order data. 

Each record includes National Drug Code (NDC), therapeutic class, ingredient cost, dispensing fee, copayment, deductible, total gross 

payment, and other data elements.

● The RED BOOK™ Supplement Table contains RED BOOK variables that enhance prescription drug analyses. These variables are linked to 

the Outpatient Pharmaceutical Claims Table by NDC. The RED BOOK licensed content may only be used as a referential look-up tool, and 

not for an automated claims processing system. The prices contained in RED BOOK are based on data reported by manufacturers. IBM has 

not performed any independent analysis of the actual prices paid by wholesalers and providers in the marketplace. Thus, actual prices paid 

by wholesalers and providers may well vary from the prices contained in this table and all prices are subject to change without notice. 

Further, IBM does not warrant the accuracy of the database contents or the pricing information.

● The Annual Enrollment Summary Table provides a single record per year for each enrollee, showing enrollment start and end dates and, for 

some demographic variables, the most prevalent demographic and plan information; for other variables, monthly values are included.

● The Enrollment Detail Table provides a single record per month of enrollment for each enrollee, with detailed demographic information.



MarketScan.
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Questions?.

This research is in-progress and I would be grateful for 
your feedback

acstokes@bu.edu

Link to US Excess Deaths Pre-Print: 
https://www.medrxiv.org/content/10.1101/2020.08.31.20184036v4



Technical Appendix.










