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A B S T R A C T   

Background: The Medicare-enrolled population is heterogeneous across race, ethnicity, age, dual eligibility, and a 
breadth of chronic health, mental and behavioral health, and disability-related conditions, which may be 
differentially impacted by the COVID-19 pandemic. 
Objective: To quantify changes in all-cause mortality prior-to and in the first year of the COVID-19 pandemic 
across Medicare’s different sociodemographic and health-condition subpopulations. 
Methods: This observational, population-based study used stratified bivariate regression to investigate Medicare 
fee-for-service subpopulation differences in pre-pandemic (i.e., 2019 versus 2016) and pandemic-related (2020 
versus 2019) changes in all-cause mortality. 
Results: All-cause mortality in the combined Medicare-Advantage (i.e., managed care) and fee-for-service ben
eficiary population improved by a relative 1% in the ten years that preceded the COVID-19 pandemic, but then 
escalated by a relative 15.9% in 2020, the pandemic’s first year. However, a closer look at Medicare’s fee-for- 
service subpopulations reveals critical differences. All-cause mortality had actually been worsening prior to 
the pandemic among most psychiatric and disability-related condition groups, all race and ethnicity groups 
except White Non-Hispanic, and Medicare-Medicaid dual-eligible (i.e., low-income) beneficiaries. Many of these 
groups then experienced all-cause mortality spikes in 2020 that were over twice that of the overall Medicare fee- 
for-service population. Of all 61 chronic health conditions studied, beneficiaries with schizophrenia were the 
most adversely affected, with all-cause mortality increasing 38.4% between 2019 and 2020. 
Conclusion: This analysis reveals subpopulation differences in all-cause mortality trends, both prior to and in 
year-one of the COVID-19 pandemic, indicating that the events of 2020 exacerbated preexisting health-related 
inequities.   

1. Introduction 

The risk of severe illness due to Coronavirus Disease 2019 (COVID- 
19), an infectious disease caused by the Sudden Acute Respiratory 
Syndrome-Coronavirus 2 (SARS-CoV-2), varies by a number of chronic 
conditions, however there is a dearth of information on its impact on 
individuals with lower-prevalence psychiatric and disability-related 
conditions [1–6]. With Medicare eligibility based on being age 65 or 

older or having a qualifying disability or end-stage renal disease, the 
Medicare-enrolled population represents a broad diversity of clinical 
and sociodemographic profiles. Given this, in addition to the known 
risks associated with advancing age [4–6], it is important to understand 
the extent to which the COVID-19 pandemic may have impacted 
Medicare’s different subpopulations. 

The concept of “excess mortality” (i.e., “number of deaths exceeding 
a given norm for the given time and place”) [7] has been used to 
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examine the impact of the large-scale health events in populations (e.g., 
the 1840 influenza outbreak [8], the 1918 influenza pandemic [9], and 
more recently, the COVID-19 pandemic [4,6,10–12]). Researchers esti
mated that the COVID-19 pandemic has been directly or indirectly 
associated with over 500,000 excess deaths from all causes in the U.S. 
during the pandemic’s first 10 months [6]. This all-cause mortality 
measure is critical to understanding the true toll of this virus on human 
life in a population as it is able to capture both direct and indirect effects 
of the COVID-19 pandemic. Additionally, it is unaffected by evolving 
disease definitions, asymptomatic cases, testing-uptake variability, and 
variable cause-of-death reporting, including health conditions exacer
bated by SARS-CoV-2 infection, and even politics [13–17]. All-cause 
mortality also encompasses deaths among persons who never con
tracted SARS-CoV-2, including the potential downstream fatal effects of 
delayed or foregone medical care resulting from early pandemic miti
gation measures [18–21], and pandemic-associated stress and exacer
bated psychiatric issues [22–29]. 

In addition to understanding all-cause mortality in the Medicare 
population, it is critical to bring to light any differences across Medi
care’s many diverse subpopulations, especially given that differences in 
mortality have been found between Medicare beneficiary subgroups 
even before the COVID-19 outbreak [30], coupled with the consistent 
finding that people of color and lower-income individuals in the general 
U.S. population have been disproportionally affected by the pandemic 
[12,31–35]. In contrast, there have been evolving and sometimes con
flicting findings on the extent to which different health conditions place 
people at greater or lesser risk of COVID-19-related adverse outcomes 
[2–6]. Our study addresses these research gaps by quantifying the 
magnitude and direction of changes in all-cause mortality in the first 
year of pandemic across Medicare’s multifarious clinical and socio
demographic subpopulations, even the less populous ones, while also 
putting these changes in the context of pre-existing trends. 

2. Methods 

2.1. Data sources and study population 

This population-based, observational study of changes in all-cause 
mortality used beneficiary-level enrollment and claims data from the 
Centers for Medicare & Medicaid Services’ Chronic Conditions Data 
Warehouse (CCW) [36]. The first study component was a broader view 
of all Medicare-enrolled individuals, including both managed care (i.e., 
Medicare Advantage) and fee-for-service (Parts A and B), conducted to 
contextualize the second fee-for-service-only study component. In this 
first component, we calculated all-cause mortality trends over a long 
pre-pandemic period (2009–2019) plus the pandemic’s first year 
(2020). The second component was a more focused comparative anal
ysis of Medicare’s fee-for-service subpopulations, as permitted by 
available data. Our aim was to identify and quantify how Medicare 
beneficiaries, across different sociodemographic characteristics and 
health diagnoses, may have been differentially affected by the COVID-19 
pandemic. The health-conditions feature necessitated limiting the sec
ond analytic component to all individuals enrolled exclusively in 
Medicare fee-for-service Parts A and B because CCW condition category 
algorithms do not include managed-care encounter data [37]. For 
comparability, we also applied this constraint to the sociodemographic 
subpopulation analyses. We analyzed all-cause mortality changes be
tween 2019 and 2020, and for context, between 2016 and 2019, with a 
shorter timespan chosen than for the first broader-view study compo
nent in order to enhance the temporal relevancy of subpopulation 
comparisons. 

2.2. Measures 

We calculated all-cause mortality as the percentage of enrolled 
beneficiaries meeting our study criteria who died from any cause in a 

Table 1 
Study Population Characteristics of Beneficiaries Enrolled in Medicare Fee-For- 
Service (FFS) Parts A and B, by Year: 2016, 2019, 2020 – United States.*   

2016 2019 2020  

N (%) N (%) N (%) 

Total FFS Parts A and B 
Enrolled Study Population 

33,981,644 
(100%) 

33,172,265 
(100%) 

32,407,844 
(100%) 

Race & Ethnicity  
American Indian/Alaskan 

Native 
190,392 
(0.56%) 

185,243 
(0.56%) 

175,876 
(0.54%) 

Asian/Pacific Islander 838,204 
(2.47%) 

896,370 
(2.7%) 

903,018 
(2.79%) 

Non-Hispanic White 27,037,631 
(79.57%) 

26,368,784 
(79.49%) 

25,784,260 
(79.56%) 

Black/African American 3,218,260 
(9.47%) 

2,900,963 
(8.75%) 

2,730,698 
(8.43%) 

Hispanic 1,994,862 
(5.87%) 

1,942,729 
(5.86%) 

1,895,342 
(5.85%) 

Other 259,131 
(0.76%) 

261,433 
(0.79%) 

260,963 
(0.81%) 

Unknown/Missing 443,164 
(1.30%) 

616,743 
(1.86%) 

657,687 
(2.03%)  

Age Group    
≤ 54 2,838,620 

(8.35%) 
2,308,289 
(6.96%) 

2,113,073 
(6.52%) 

55–64 2,760,319 
(8.12%) 

2,391,802 
(7.21%) 

2,169,361 
(6.69%) 

65–74 15,216,392 
(44.78%) 

15,471,562 
(46.64%) 

15,329,619 
(47.3%) 

75–84 8,688,628 
(25.57%) 

8,861,728 
(26.71%) 

8,763,014 
(27.04%) 

85+ 4,477,685 
(13.18%) 

4,138,884 
(12.48%) 

4,032,777 
(12.44%) 

Unknown/Missing 0 (0%) 0 (0%) 0 (0%)  

Sex    
Female 18,650,709 

(54.88%) 
18,102,031 
(54.57%) 

17,666,581 
(54.51%) 

Male 15,330,923 
(45.12%) 

15,070,234 
(45.43%) 

14,741,263 
(45.49%) 

Unknown/Missing 12 (0%) – –  

Dual Eligibility    
Full-benefit 5,224,875 

(15.38%) 
4,724,570 
(14.24%) 

4,509,095 
(13.91%) 

Partial-benefit 1,801,665 
(5.30%) 

1,534,516 
(4.63%) 

1,318,733 
(4.07%) 

Non-dual 26,955,104 
(79.32%) 

26,913,179 
(81.13%) 

26,580,016 
(82.02%)  

Region    
Rural 8,924,595 

(26.26%) 
8,663,073 
(26.12%) 

8,382,247 
(25.86%) 

Urban 25,057,049 
(73.74%) 

24,509,192 
(73.88%) 

24,025,597 
(74.14%)  

Health Condition 
Groups#    

Age-related Condition 
Categories    

Acquired Hypothyroidism 8,509,425 
(25.04%) 

8,486,083 
(25.58%) 

8,312,691 
(25.65%) 

Anemia 16,137,721 
(47.49%) 

15,531,680 
(46.82%) 

15,068,153 
(46.50%) 

Asthma 4,592,860 
(13.52%) 

4,468,200 
(13.47%) 

4,320,480 
(13.33%) 

Atrial Fibrillation 4,468,535 
(13.15%) 

4,444,036 
(13.40%) 

4,341,244 
(13.4%) 

Benign Prostatic 
Hyperplasia^ 

5,605,572 
(16.5%) 

5,743,506 
(17.31%) 

5,689,937 
(17.56%) 

Breast Cancer^* 1,698,011 
(9.10%) 

1,721,820 
(9.51%) 

1,703,824 
(9.64%) 

(continued on next page) 
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given year. Death information was sourced from the Medicare date-of- 
death field, populated from Social Security Administration (SSA) re
cords [38]. 

The comparative analyses of the second analytic component 
employed the following sociodemographic variables: age (categorically 
redefined, based on age as of January 1 of a given year); a singular, 
algorithm-enhanced CCW race and Hispanic-ethnicity variable [39,40]; 

Table 1 (continued )  

2016 2019 2020  

N (%) N (%) N (%) 

Total FFS Parts A and B 
Enrolled Study Population 

33,981,644 
(100%) 

33,172,265 
(100%) 

32,407,844 
(100%) 

Chronic Kidney Disease 9,790,513 
(28.81%) 

10,943,855 
(32.99%) 

10,964,909 
(33.83%) 

Colorectal Cancer 842,517 
(2.48%) 

782,572 
(2.36%) 

748,772 
(2.31%) 

COPD 8,068,163 
(23.74%) 

7,598,151 
(22.91%) 

7,158,133 
(22.09%) 

Diabetes 11,683,383 
(34.38%) 

11,244,429 
(33.9%) 

10,874,458 
(33.56%) 

Endometrial Cancer^ 292,108 
(0.86%) 

305,662 
(0.92%) 

302,898 
(0.93%) 

Eye Cataract 18,751,744 
(55.18%) 

18,419,440 
(55.53%) 

17,920,002 
(55.30%) 

Glaucoma 6,750,091 
(19.86%) 

6,652,286 
(20.05%) 

6,465,916 
(19.95%) 

Heart Failure 7,595,494 
(22.35%) 

7,227,956 
(21.79%) 

6,962,128 
(21.48%) 

Hip/Pelvic Fracture 1,128,864 
(3.32%) 

1,083,261 
(3.27%) 

1,053,915 
(3.25%) 

Hyperlipidemia 23,924,750 
(70.4%) 

23,747,352 
(71.59%) 

23,288,434 
(71.86%) 

Hypertension 24,728,815 
(72.77%) 

24,004,977 
(72.36%) 

23,314,612 
(71.94%) 

Ischemic Heart Disease 13,757,397 
(40.48%) 

13,151,559 
(39.65%) 

12,760,694 
(39.38%) 

Leukemias and Lymphomas 681,900 
(2.01%) 

730,093 
(2.20%) 

732,297 
(2.26%) 

Liver Disease, Cirrhosis & 
Related (Non-Hep.) 

3,057,660 
(9.00%) 

3,528,934 
(10.64%) 

3,588,910 
(11.07%) 

Lung Cancer 514,076 
(1.51%) 

515,386 
(1.55%) 

500,226 
(1.54%) 

Osteoporosis 6,105,348 
(17.97%) 

5,928,401 
(17.87%) 

5,797,718 
(17.89%) 

Peripheral Vascular Disease 6,622,026 
(19.49%) 

6,582,587 
(19.84%) 

6,429,870 
(19.84%) 

Pressure Ulcers and 
Chronic Ulcers 

2,782,231 
(8.19%) 

2,663,917 
(8.03%) 

2,607,234 
(8.05%) 

Prostate Cancer^ 1,668,595 
(4.91%) 

1,671,711 
(5.04%) 

1,651,400 
(5.1%) 

Rheumatoid Arthritis, 
Osteoarthritis 

17,427,419 
(51.28%) 

17,661,940 
(53.24%) 

17,277,074 
(53.31%) 

Stroke 4,369,601 
(12.86%) 

4,131,235 
(12.45%) 

3,987,067 
(12.30%)  

Disability-related 
Condition Categories    

Alzheimer’s 1,753,243 
(5.16%) 

1,561,211 
(4.71%) 

1,459,760 
(4.50%) 

Alzheimer’s Disease & 
Other Dementias 

4,400,422 
(12.95%) 

4,333,510 
(13.06%) 

4,217,382 
(13.01%) 

Autism Spectrum Disorders 109,252 
(0.32%) 

139,875 
(0.42%) 

147,053 
(0.45%) 

Blindness and Visual 
Impairment 

501,976 
(1.48%) 

390,816 
(1.18%) 

361,112 
(1.11%) 

Cerebral Palsy 174,033 
(0.51%) 

172,820 
(0.52%) 

168,620 
(0.52%) 

Cystic Fibrosis and Related 591,249 
(1.74%) 

722,972 
(2.18%) 

736,909 
(2.27%) 

Deafness & Hearing 
Impairment 

4,074,926 
(11.99%) 

4,536,294 
(13.67%) 

4,568,282 
(14.1%) 

Developmental Delays 114,799 
(0.34%) 

130,025 
(0.39%) 

131,989 
(0.41%) 

Epilepsy 1,316,634 
(3.87%) 

1,329,718 
(4.01%) 

1,290,538 
(3.98%) 

Intellectual Disabilities and 
Related 

561,781 
(1.65%) 

554,727 
(1.67%) 

540,786 
(1.67%) 

Learning Disabilities 106,941 
(0.31%) 

161,065 
(0.49%) 

171,314 
(0.53%) 

Mobility Impairments 1,629,088 
(4.79%) 

1,652,691 
(4.98%) 

1,614,693 
(4.98%) 

Multiple Sclerosis and 
Transverse Myelitis 

270,947 
(0.80%) 

270,786 
(0.82%) 

263,835 
(0.81%)  

Table 1 (continued )  

2016 2019 2020  

N (%) N (%) N (%) 

Total FFS Parts A and B 
Enrolled Study Population 

33,981,644 
(100%) 

33,172,265 
(100%) 

32,407,844 
(100%) 

Muscular Dystrophy 36,777 
(0.11%) 

35,805 
(0.11%) 

34,279 
(0.11%) 

Spina Bifida and Related 118,898 
(0.35%) 

121,339 
(0.37%) 

120,887 
(0.37%) 

Spinal Cord Injury 338,996 
(1.00%) 

493,226 
(1.49%) 

510,026 
(1.57%) 

Traumatic Brain Injury and 
Related 

416,176 
(1.22%) 

415,889 
(1.25%) 

399,972 
(1.23%)  

Mental & Behavioral 
Health Condition 
Categories    

ADHD and Conduct 
Disorders 

641,561 
(1.89%) 

699,483 
(2.11%) 

694,156 
(2.14%) 

Alcohol Use Disorders 1,574,802 
(4.63%) 

1,575,874 
(4.75%) 

1,522,581 
(4.70%) 

Anxiety Disorders 8,396,286 
(24.71%) 

9,241,457 
(27.86%) 

9,230,929 
(28.48%) 

Bipolar Disorder 1,913,515 
(5.63%) 

1,948,395 
(5.87%) 

1,894,114 
(5.84%) 

Major Depressive Disorder 11,406,342 
(33.57%) 

11,517,759 
(34.72%) 

11,218,727 
(34.62%) 

Opioid use disorder (OUD) 1,072,087 
(3.15%) 

1,385,319 
(4.18%) 

1,374,591 
(4.24%) 

Personality Disorders 787,064 
(2.32%) 

989,706 
(2.98%) 

983,502 
(3.03%) 

Post-Traumatic Stress 
Disorder 

665,112 
(1.96%) 

792,477 
(2.39%) 

796,938 
(2.46%) 

Psychotic Disorders (Non- 
Schizophrenic) 

1,159,917 
(3.41%) 

871,596 
(2.63%) 

792,943 
(2.45%) 

Schizophrenia 890,503 
(2.62%) 

832,516 
(2.51%) 

790,317 
(2.44%)  

Other Condition 
Categories    

Chronic Pain/Fatigue, 
Fibromyalgia 

9,549,362 
(28.1%) 

11,678,963 
(35.21%) 

11,750,977 
(36.26%) 

HIV/AIDS 151,067 
(0.44%) 

138,190 
(0.42%) 

130,541 
(0.40%) 

Migraine and Chronic 
Headache 

1,917,095 
(5.64%) 

2,331,958 
(7.03%) 

2,370,649 
(7.32%) 

Obesity 7,623,228 
(22.43%) 

9,802,605 
(29.55%) 

9,838,276 
(30.36%) 

Sickle Cell Disease 17,656(0.05%) 16,470 
(0.05%) 

15,667 
(0.05%) 

Tobacco Use Disorders 4,856,757 
(14.29%) 

5,090,674 
(15.35%) 

4,866,829 
(15.02%) 

Viral Hepatitis (General) 686,672 
(2.02%) 

686,403 
(2.07%) 

654,631 
(2.02%) 

~ Due to cell size suppression requirements, those Medicare beneficiaries with 
missing sex values in 2019 and 2020 were combined with the female sex group, 
summing to 12 total observations across the two years. 
# Condition categories are not mutually exclusive at the beneficiary level, 
therefore summing is not appropriate. 
^ Percentages for sex-specific conditions were calculated using appropriate sex- 
specific denominators. 

* Because breast cancer prevalence in males is less than 1% (47), percentages 
were calculated using the denominator for females. The percentages with breast 
cancer among combined female and male Medicare beneficiaries in this sample 
for 2016, 2019 and 2020 are respectively: 5.00%, 5.19%, 5.26%. 
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Table 2 
Relative Differences in All-Cause Mortality, by Chronic Condition, within the 
Study Population of Beneficiaries Enrolled in Medicare Fee-For-Service (FFS) 
Parts A and B: 2019 vs. 2016 and 2020 vs. 2019.  

Health Condition 
Categories* 

Group Change in all- 
cause mortality 
(2019 vs 2016) 

Change in all- 
cause mortality 
(2020 vs 2019) 

OR (95% CI) OR (95% CI) 

Total FFS Parts A and B 
Enrolled Study 
Population  

0.990 (0.989, 
0.991) 

1.159 (1.156, 
1.620) 

Acquired Hypothyroidism 
(Hypothyroid) 

Age-related 0.991 (0.990, 
0.992) 

1.172 (1.168, 
1.177) 

ADHD and Conduct 
Disorders (ADHD) 

Mental/ 
behavioral 

1.015 (1.009, 
1.020) 

1.263 (1.246, 
1.280) 

Alcohol Use Disorders 
(Alcohol) 

Mental/ 
behavioral 

1.002 (0.999, 
1.005) 

1.161 (1.152, 
1.170) 

Alzheimer’s Disease 
(Alzheimer’s) 

Disability- 
related 

1.008 (1.006, 
1.009) 

1.320 (1.313, 
1.327) 

Alzheimer’s Disease & 
Other Dementias 
(Dementia) 

Disability- 
related 

0.998 (0.997, 
0.999) 

1.241 (1.237, 
1.246) 

Anemia Age-related 0.995 (0.994, 
0.996) 

1.172 (1.169, 
1.175) 

Anxiety Disorders (Anxiety) Mental/ 
behavioral 

0.983 (0.982, 
0.984) 

1.166 (1.162, 
1.171) 

Asthma Age-related 0.975 (0.974, 
0.977) 

1.150 (1.144, 
1.156) 

Atrial Fibrillation (AF) Age-related 0.987 (0.985, 
0.988) 

1.123 (1.118, 
1.128) 

Autism Spectrum Disorders 
(Autism) 

Disability- 
related 

1.007 (0.988, 
1.026) 

1.307 (1.245, 
1.373) 

Benign Prostatic 
Hyperplasia (BPH) 

Age-related 0.992 (0.990, 
0.993) 

1.178 (1.172, 
1.183) 

Bipolar Disorder (Bipolar) Mental/ 
behavioral 

1.034 (1.031, 
1.037) 

1.295 (1.285, 
1.305) 

Blindness and Visual 
Impairment (Vision Loss) 

Disability- 
related 

0.993 (0.989, 
0.997) 

1.231 (1.215, 
1.246) 

Breast Cancer (Breast Ca) Age-related 0.981 (0.978, 
0.984) 

1.110 (1.100, 
1.120) 

Cerebral Palsy (CP) Disability- 
related 

1.013 (1.002, 
1.024) 

1.301 (1.262, 
1.341) 

Chronic Kidney Disease 
(CKD) 

Age-related 0.964 (0.964, 
0.965) 

1.164 (1.160, 
1.167) 

Chronic Obstructive 
Pulmonary Disease 
(COPD) 

Other 0.977 (0.976, 
0.979) 

1.157 (1.153, 
1.161) 

Chronic Pain/Fatigue, 
Fibromyalgia (Chronic 
Pain) 

Age-related 0.997 (0.994, 
1.001) 

1.106 (1.095, 
1.117) 

Colorectal Cancer (CR Ca) Age-related 0.994 (0.993, 
0.995) 

1.163 (1.159, 
1.167) 

Cystic Fibrosis and Related 
(CF) 

Disability- 
related 

1.033 (1.029, 
1.037) 

1.219 (1.206, 
1.232) 

Deafness & Hearing 
Impairment (Hearing 
Loss) 

Disability- 
related 

0.987 (0.986, 
0.989) 

1.187 (1.181, 
1.193) 

Developmental Delays 
(DD) 

Disability- 
related 

1.007 (0.994, 
1.020) 

1.337 (1.291, 
1.385) 

Diabetes (DM) Age-related 1.000 (0.999, 
1.001) 

1.209 (1.205, 
1.213) 

Endometrial Cancer 
(Uterine Ca) 

Age-related 0.977 (0.971, 
0.983) 

1.104 (1.084, 
1.125) 

Epilepsy Disability- 
related 

1.002 (1.000, 
1.005) 

1.221 (1.211, 
1.230) 

Eye Cataract (Cataract) Age-related 0.989 (0.988, 
0.990) 

1.171 (1.168, 
1.175) 

Glaucoma Age-related 0.995 (0.993, 
0.996) 

1.191 (1.185, 
1.196) 

Heart Failure (HF) Age-related 0.996 (0.995, 
0.997) 

1.165 (1.161, 
1.169) 

Hip/Pelvic Fracture (Hip 
Fx) 

Age-related 0.995 (0.993, 
0.997) 

1.186 (1.178, 
1.195) 

HIV/AIDS Other 1.011 (0.999, 
1.022) 

1.184 (1.144, 
1.225) 

Hyperlipidemia (Lipids) Age-related 0.993 (0.992, 
0.994) 

1.169 (1.166, 
1.172)  

Table 2 (continued ) 

Health Condition 
Categories* 

Group Change in all- 
cause mortality 
(2019 vs 2016) 

Change in all- 
cause mortality 
(2020 vs 2019) 

OR (95% CI) OR (95% CI) 

Hypertension (HTN) Age-related 0.992 (0.991, 
0.993) 

1.171 (1.168, 
1.174) 

Intellectual Disabilities and 
Related (Intell. Disab.) 

Disability- 
related 

1.019 (1.013, 
1.026) 

1.312 (1.289, 
1.336) 

Ischemic Heart Disease 
(IHD) 

Age-related 0.998 (0.997, 
0.998) 

1.173 (1.170, 
1.176) 

Learning Disabilities 
(Learning Disab.) 

Disability- 
related 

0.997 (0.988, 
1.006) 

1.285 (1.256, 
1.314) 

Leukemias and Lymphomas 
(L & L) 

Age-related 0.977 (0.973, 
0.980) 

1.088 (1.076, 
1.099) 

Liver Disease, Cirrhosis & 
Related (Non-Hepatitis) 
(Liver (Non-hepatitis)) 

Age-related 0.975 (0.973, 
0.977) 

1.120 (1.115, 
1.126) 

Lung Cancer (Lung Ca) Age-related 0.958 (0.956, 
0.961) 

1.022 (1.013, 
1.032) 

Major Depressive Disorder 
(Depression) 

Mental/ 
behavioral 

0.989 (0.988, 
0.990) 

1.187 (1.184, 
1.191) 

Migraine and Other 
Chronic Headache 
(Headache) 

Other 1.020 (1.016, 
1.023) 

1.174 (1.163, 
1.184) 

Mobility Impairments 
(Mobility Loss) 

Disability- 
related 

0.987 (0.985, 
0.989) 

1.188 (1.181, 
1.195) 

Multiple Sclerosis and 
Transverse Myelitis (MS) 

Disability- 
related 

1.002 (0.994, 
1.010) 

1.211 (1.183, 
1.239) 

Muscular Dystrophy (MD) Disability- 
related 

0.994 (0.976, 
1.012) 

1.201 (1.139, 
1.267) 

Obesity Other 0.974 (0.972, 
0.975) 

1.220 (1.215, 
1.225) 

Opioid Use Disorder (OUD) Mental/ 
behavioral 

1.007 (1.003, 
1.010) 

1.135 (1.125, 
1.145) 

Osteoporosis Age-related 0.981 (0.980, 
0.983) 

1.159 (1.154, 
1.164) 

Peripheral Vascular Disease 
(PVD) 

Age-related 0.994 (0.993, 
0.995) 

1.200 (1.196, 
1.204) 

Personality Disorders 
(Personality Dis.) 

Mental/ 
behavioral 

1.022 (1.017, 
1.026) 

1.263 (1.248, 
1.277) 

Post-Traumatic Stress 
Disorder (PTSD) 

Mental/ 
behavioral 

1.013 (1.007, 
1.019) 

1.197 (1.178, 
1.217) 

Pressure Ulcers and 
Chronic Ulcers (Skin 
Ulcer) 

Age-related 1.004 (1.003, 
1.006) 

1.198 (1.193, 
1.203) 

Prostate Cancer (Prostate 
Ca) 

Age-related 0.981 (0.979, 
0.984) 

1.139 (1.130, 
1.149) 

Psychotic Disorders (Non- 
Schizophrenic) 
(Psychotic/Non- 
schizophrenic) 

Mental/ 
behavioral 

0.970 (0.968, 
0.973) 

1.260 (1.250, 
1.270) 

Rheumatoid Arthritis and 
Osteoarthritis (Arthritis) 

Age-related 0.987 (0.986, 
0.988) 

1.176 (1.172, 
1.179) 

Schizophrenia Mental/ 
behavioral 

1.035 (1.031, 
1.040) 

1.384 (1.367, 
1.402) 

Sickle Cell Disease (Sickle 
Cell) 

Other 1.027 (0.998, 
1.058) 

1.153 (1.059, 
1.255) 

Spina Bifida and Related 
(Spina Bifida) 

Disability- 
related 

0.950 (0.941, 
0.960) 

1.160 (1.125, 
1.196) 

Spinal Cord Injury (Spinal 
Injury) 

Disability- 
related 

1.002 (0.998, 
1.007) 

1.177 (1.163, 
1.190) 

Stroke Age-related 0.996 (0.995, 
0.998) 

1.189 (1.184, 
1.194) 

Tobacco Use Disorders 
(Tobacco Dis) 

Other 0.994 (0.992, 
0.996) 

1.141 (1.135, 
1.146) 

Traumatic Brain Injury and 
Related (TBI) 

Disability- 
related 

0.987 (0.983, 
0.992) 

1.227 (1.210, 
1.244) 

Viral Hepatitis (General) 
(Hepatitis) 

Other 1.001 (0.996, 
1.005) 

1.177 (1.163, 
1.192)  

* The shorthand terms that were used for improved data visualization in Fig. 2 
are denoted, where applicable, by the italicized terms that are shown in 
parentheses. 
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sex; residential area (from ZIP codes translated into Rural Urban 
Commuting Area codes [41]); and dual enrollment in Medicaid, hier
archically redefined as a three-level annual variable (i.e., any full- 
benefit dual enrollment; no full-benefit and any partial-benefit dual 
enrollment; or no dual enrollment). 

The second-component comparative analyses included 61 health- 
condition categories (Table 1). Of the 61 condition categories, 60 
were pre-defined CCW variables [42], and one (“non-schizophrenic 
psychotic disorders”) was constructed from the non-overlapping portion 
of two overlapping pre-defined CCW variables (i.e., “schizophrenia” and 
“schizophrenia and other psychotic disorders”). CCW condition- 
category variables are Medicare fee-for-service claims-based in
dicators, available on every year of data since 1999, and constructed 
from algorithms of diagnosis and procedure codes, with lookback pe
riods of one or two years, except for Alzheimer’s disease (three years) 
and sickle cell disease (five years) [36,43]. Note that a beneficiary may 
be counted within more than one condition category (e.g., someone 
defined by the algorithms as having both obesity and diabetes would be 
counted under both categories). We created beneficiary-level, binary 
condition variables for “ever” versus “never” having met the CCW- 
defined criteria for each condition category, as of a given year. 

For illustration purposes, we sorted condition categories into four 
groups according to each condition category’s development phase in the 
CCW [44]: “age-related” [i.e., heart, lung and cancer]; “mental and 
behavioral health” [i.e., psychiatric and substance use disorders; 
“disability-related” [i.e., cognitive, intellectual, developmental, phys
ical]; and “other health conditions” [e.g., pain-related conditions, HIV/ 
AIDS, hepatitis]). Exceptions to this logic were made in cases where a 
condition category fell more rationally into a different category than 
that of its CCW development phase (e.g., leukemia/lymphoma [cancer- 
related] and peripheral vascular disease were moved from “other” to 
“age-related”; alcohol use disorders and opioid use disorders were 

moved from “other” to “mental and behavioral health”). Note that the 
quantitative results were not affected by grouping decisions because 
statistics were not generated at the group-level. 

2.3. Statistical analyses 

For the first analytic component, we used the combined managed- 
care and fee-for-service populations to present annual all-cause mor
tality trends from 2009 through 2020. We also estimated the number of 
above-expected (i.e., “excess”) deaths from any cause in the first year of 
the COVID-19 pandemic (2020) based on the proportion of deaths due to 
any cause in 2019. 

For the second component we used bivariate logistic regression 
models to generate odds ratios (ORs) and 95% confidence intervals (CIs) 
that quantify and compare relative changes in all-cause mortality across 
different subpopulations, between 2016 and 2019, and likewise between 
2019 and 2020. Similar to percentage change, this method of measuring 
all-cause mortality in one year, relative to a prior year (e.g., 2020 versus 
2019), separately for each subpopulation, allowed to assess and 
compare the subpopulation-specific impacts of time on all-cause mor
tality. The regression model is: 

P(Yi) = ε(β0 + β1Xi)/1+ ε(β0 + β1Xi)

where P(Yi) is the probability of death for case i; β0 is the y intercept; 
β1 is the slope of the regression line; and Xi is the observation year (e.g., 
{2019, relative to 2016} and {2020, relative to 2019}) for case, i. 

Separate models were run for each of the sociodemographic and 
condition-related variables included in the study. Note that, because the 
fee-for-service Parts A- and B-enrolled study sample encompasses the 
entire fee-for-service Parts A- and B-enrolled population, there should be 
no uncertainty in our estimates and therefore the confidence intervals 
should theoretically equal the odds ratios themselves. However, because 

Fig. 1. Annual All-Cause Mortality (%) among United States Population of Beneficiaries Enrolled in Medicare Advantage (MA) and Medicare Fee-for-Service (FFS) 
Parts A and B (2009–2020)*^. 
* The odds-ratio changes in all-cause mortality were statistically significant for all three groups, between 2009 and 2019 for FFS (OR, 0.991 [95% CI 0.991 to 0.991]), 
MA (OR, 0.998 [95% CI 0.997 to 0.998]), and FFS + MA (OR, 0.990 [95% CI 0.990 to 0.990]); and between 2019 and 2020 for FFS (OR, 1.159 [95% CI 1.156 to 
1.162]), MA (OR, 1.164 [95% CI 1.161 to 1.167]), and FFS + MA (OR, 1.155 [95% CI 1.153 to 1.157]). 
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Medicare’s different demographic and health-condition subpopulations 
are not always equally engaged in, or able to participate fully in, their 
health care [45], in actuality, our confidence intervals reflect a small 
degree of uncertainty in our subpopulation estimates. 

We conducted analyses using SAS Enterprise Guide 7.1 with data 
extracted in June 2022. This observational, secondary research study 
made use of routinely collected, deidentified, publicly available Medi
care claims data, with findings reported in accordance with the Reporting 
of Studies Conducted Using Observational Routinely Collected Health Data 
(RECORD) [46,47]. Results are portrayed tabularly and graphically. 

3. Results 

3.1. All-cause mortality trends and excess deaths 

In 2020, the first year of the COVID-19 pandemic, 4.4% of Medi
care’s total 59,173,438 fee-for-service and managed-care beneficiaries 
died from any cause (Fig. 1), representing a one-year absolute increase 
of 0.6 percentage points, and a 15.5% relative increase (OR, 1.155 [95% 
CI 1.153 to 1.157]). These deaths include an estimated 338,494 excess 
deaths in 2020, above what we would have expected based on the 
proportion of deaths due to any cause in 2019. Over time, all-cause 

mortality has been consistently higher for those enrolled in fee-for- 
service versus Medicare Advantage, and the 2019-to-2020 increase 
was slightly greater, at 0.63 versus 0.55 percentage points, respectively. 

3.2. Relative change in all-cause mortality 

In 2020, 54.8% (32,407,844) of Medicare beneficiaries were 
enrolled exclusively in fee-for-service Parts A and B. In this predomi
nantly Non-Hispanic White, Medicare fee-for-service population, there 
was an overall 1% decline in all-cause mortality between 2009 and 2019 
(OR, 0.991 [95% CI 0.991 to 0.991]). As shown in Fig. 1, this downward 
trend then reversed course in 2020, spiking by 15.9% in just one year 
(OR, 1.159 [95% CI, 1.156 to 1.162]). This 2019-to-2020 relative 
change was much greater than all of the other relative year-to-year in
creases over the prior decade, the largest of which was 2014-to-2015 
(OR, 1.005 [95% CI, 1.002 to 1.007]). (Data not shown.) 

3.3. Relative changes in all-cause mortality by beneficiary subpopulations 

3.3.1. Health conditions 

3.3.1.1. Pandemic-related changes (i.e., 2020 versus 2019). Fig. 2 

Fig. 2. (Panel A). Relative Pre-Pandemic (2016–2019) and Post-Pandemic (2009–2020) Changes in Annual All-Cause Mortality (Odds Ratio), among United States 
Population of Beneficiaries Enrolled in Medicare Fee-for-Service (FFS) Parts A and B, by Mental and Behavioral Health Condition Categories*#. 
* Dashed lines signify population averages. 
# Odds ratios greater than 1.000 signify increasing (i.e., worsening) all-cause mortality. Odds ratios less than 1.000 signify declining (i.e., improving) all-cause 
mortality. 
(Panel B). Relative Pre-Pandemic (2016–2019) and Post-Pandemic (2009–2020) Changes in Annual All-Cause Mortality (Odds Ratio), among United States Popu
lation of Beneficiaries Enrolled in Medicare Fee-for-Service (FFS) Parts A and B, by Mental and Behavioral Health, Aging-Related, Disability-Related and Other 
Health-Condition Categories*#^. 
* Dashed lines signify population averages. 
# Odds ratios greater than 1.000 signify increasing (i.e., worsening) all-cause mortality. Odds ratios less than 1.000 signify declining (i.e., improving) all-cause 
mortality. 
^ Due to space limitations, this chart does not include all condition categories or all condition category full labels. The data for all condition categories, as well as the 
definitions for all abbreviated condition categories, are provided in Table 2. 
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displays the relative change results for psychiatric conditions only 
(Panel A), and for all 61 condition categories (Panel B). The conditions 
found above the horizontal line were most impacted by year-one of the 
pandemic in terms of changing annual all-cause mortality. Of all con
ditions studied, the most-impacted conditions were mental health and 
disability-related conditions, specifically: schizophrenia (OR, 1.384 
[95% CI, 1.367 to 1.402]), developmental delays (OR, 1.337 [95% CI, 
1.291 to 1.385]), Alzheimer’s disease (OR, 1.320 [95% CI, 1.313 to 
1.327]), intellectual disabilities (OR, 1.312 [95% CI, 1.289 to 1.336]), 
autism spectrum disorders (OR, 1.307 [95% CI, 1.245 to 1.373]), cere
bral palsy (OR, 1.301 [95% CI, 1.262 to 1.341]), bipolar disorder (OR, 
1.295 [95% CI, 1.285 to 1.305]), learning disabilities (OR, 1.285 [95% 
CI, 1.256 to 1.314]), personality disorders (OR, 1.263 [95% CI, 1.248 to 
1.277]), ADHD and conduct disorder (OR, 1.263 [95% CI, 1.246 to 
1.280]), and non-schizophrenic psychotic disorders (OR, 1.260 [95% CI, 
1.250 to 1.270]). 

3.3.1.2. Pre-pandemic changes (i.e., 2019 versus 2016). Even though all- 
cause mortality had been declining for the population as a whole prior to 
the pandemic (OR, 0.990 [95% CI, 0.989 to 0.991]), we found that this 
was not uniform for all groups. Fig. 2, Panels A and B shows – to the right 
of the vertical axis – those conditions with worsening pre-pandemic all- 
cause mortality. This study uncovered a trend in which many of the 
health-condition categories that exhibited worsening, rather than 
improving, all-cause mortality prior to the pandemic also had above- 
average all-cause mortality increases between 2019 and 2020. This 
phenomenon is visible in upper right quadrant (i.e., Quadrant I) of both 
panels of Fig. 2, with the most pronounced manifestations being psy
chiatric and disability-related conditions, specifically: schizophrenia, 
developmental delays, Alzheimer’s disease, intellectual disabilities, 
autism spectrum disorders, cerebral palsy, bipolar disorder, personality 
disorders, ADHD and conduct disorder, and cystic fibrosis. Of all con
ditions studied, the impact was the greatest for subpopulation of in
dividuals with schizophrenia, for whom all-cause mortality was a 
relative 38.4% greater in 2020 than in 2019 (OR = 1.384, 95% [CI 

1.367, 1.402]), after having also increased 3.5% (OR 1.035, 95% CI 
[1.031, 1.040]) in the four years prior to the pandemic. Quadrant I also 
includes the skin-ulcer condition, which, in spite of having been pre- 
categorized as age-related, can also be disabling; moreover, mobility- 
related disabilities (e.g., spinal cord injury) can increase the risk of 
developing pressure-ulcers, especially in the context of poor nursing 
care [48,49]. 

In contrast, some condition categories demonstrated both improving 
pre-pandemic all-cause mortality, and lower-than-average changes in 
the pandemic’s first year. These conditions are found in the lower left 
quadrant (i.e., Quadrant III) of both panels of Fig. 2 and include all types 
of cancers studied, as well as liver disease and cirrhosis of the liver. Lung 
cancer was the most extreme example of this finding, and had the lowest 
change in all-cause mortality in the pandemic’s first year (OR, 1.022 
[95% CI, 1.013 to 1.032]) of all conditions studied. 

3.3.2. Sociodemographic characteristics 

3.3.2.1. Pandemic-related changes (i.e., 2020 versus 2019). With the 
COVID-19 pandemic, one-year all-cause mortality grew by a relative 
36.9% among American Indian and Alaska Native (AIAN) (OR, 1.369 
[95% CI, 1.330 to 1.410]); 34.9% among Hispanic (OR, 1.349 [95% CI, 
1.330 to 1.362]); 29.9% among Black/African American (OR, 1.299 
[95% CI, 1.289 to 1.309]); 23.5% among Asian and Pacific Islander 
(API) (OR, 1.235 [95% CI, 1.215 to 1.255]); and 22.0% among “Other” 
beneficiary populations based on this social construct (OR, 1.220 [95% 
CI, 1.185 to 1.257]) (Table 3). Taken together, among all groups rep
resenting people of color, all-cause mortality was a relative 30.1% 
greater in 2020 than it had been in 2019 (OR, 1.301 [95% CI, 1.294 to 
1.308]). (Data not shown.) This is over double the relative 13.1% in
crease experienced by the Non-Hispanic White beneficiary group (OR, 
1.131 [95% CI, 1.128 to 1.134]). 

Between 2019 and 2020, all-cause mortality was up by 30.3% (OR, 
1.303 [95% CI, 1.297 to 1.309]) and 19.1% (OR, 1.191 [95% CI, 1.178 
to 1.205]) among full-benefit and partial-benefit lower-income, dually 

Fig. 2. (continued). 
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eligible beneficiaries, respectively. This is in contrast to the lower-than- 
average 11.8% increase for Medicare beneficiaries who did not have 
concomitant Medicaid eligibility (OR, 1.118 [95% CI, 1.115 to 1.121]). 

Regarding age, we found the highest 2019-to-2020 increases in all- 
cause mortality among fee-for-service Medicare’s most senior benefi
ciaries, ages 85 and older (OR, 1.177 [95% CI, 1.173 to 1.182]), and 
among those younger than 65 and thus eligible for Medicare predomi
nately on the basis of disability (ages 55 and younger: OR, 1.171 [95% 
CI, 1.155 to 1.188]; ages 55 to 64: OR, 1.185 [95% CI, 1.173 to 1.197]). 
Relative changes in all-cause mortality were slightly below average for 
females (OR, 1.150 [95% CI, 1.146 to 1.154]) and rural-dwelling in
dividuals (OR, 1.151 [95% CI, 1.146 to 1.157]) and slightly above 
average for males (OR, 1.169 [95% CI, 1.165 to 1.173]) and urban- 
dwelling individuals (OR, 1.162 [95% CI, 1.159 to 1.165]). 

3.3.2.2. Pre-pandemic changes (i.e., 2019 versus 2016). Similar to the 
health-conditions findings, the overall pre-pandemic declines in all- 

cause mortality were not uniform across Medicare’s different socio
demographic subpopulations. In fact, 2016-to-2019 all-cause mortality 
had actually been worsening for all race and ethnicity groups except the 
Non-Hispanic White group, as well as for low-income individuals with 
Medicare-Medicaid dual eligibility (Table 3). Moreover, in plotting the 
relative changes in all-cause mortality from before the pandemic (i.e., 
2019 versus 2016) against those occurring in its first year (i.e., 2020 
versus 2019), we observed a pattern similar to that found for health- 
condition categories (Fig. 3). The upper-right quadrant (i.e., Quadrant 
I) of Fig. 3, shows that many of the sociodemographic characteristics 
with worsening all-cause mortality prior to the pandemic also demon
strated higher-than-average worsening in 2020 (i.e., AIAN, Hispanic, 
Black/African American, API, and dual-eligible). In contrast, the bottom 
left corner (i.e., Quadrant III) of the same figure reveals that those 
subpopulations with the lowest pandemic-related increases in 2020, 
most notably Non-Hispanic White beneficiaries and those not dually 
eligible for Medicaid, had improving all-cause mortality prior to the 
pandemic. 

4. Discussion 

In this observational study of individuals enrolled in Medicare Parts 
A and B, we found large differences in the direction and/or magnitude of 
changes in all-cause mortality across a number of subpopulations, both 
prior-to and in year-one of the COVID-19 pandemic. The greatest dif
ferences were by race and ethnicity, dual eligibility and certain health- 
condition categories. For example, despite overall, population-wide 
improvements in all-cause mortality between 2016 and 2019, all- 
cause mortality had been worsening for individuals of color during 
this same timeframe. Then, in 2020, all-cause mortality for beneficiaries 
of color jumped by a relative 30.1%, versus 13.1% among Non-Hispanic 
White beneficiaries. Likewise, lower-income Medicare-Medicaid dually 
eligible beneficiaries experienced pre-pandemic increases in all-cause 
mortality, and pandemic-related increases that were significantly 
larger than the population average, while the majority group of non- 
dually eligible Medicare beneficiaries had declining pre-pandemic all- 
cause mortality, followed by an uptick in 2020 that was lower than the 
population average. 

The health-conditions analysis found that beneficiaries with certain 
psychiatric and disability-related conditions experienced the very 
greatest increases in all-cause mortality out of all 61 health conditions 
studied. In addition, this analysis displayed a similar pattern as the 
sociodemographic characteristics in that virtually all of the chronic 
health conditions with worsening pre-pandemic mortality also had 
above-average spikes in the pandemic’s first year (Fig. 2, Quadrant I). 
These conditions were generally those related to mental and behavioral 
health and disability, with the most pronounced being among Medicare 
beneficiaries with schizophrenia, developmental delays, Alzheimer’s 
disease, intellectual disabilities, autism spectrum disorders, cerebral 
palsy, bipolar disorder, personality disorders, ADHD and conduct dis
order, and cystic fibrosis. Conversely, many of the conditions with 
improving pre-pandemic all-cause mortality had below-average in
creases in 2020. Given these findings, it is evident that viewing the 
pandemic-associated changes in all-cause mortality in the context of 
preexisting trends contributes an important and unique depth of analysis 
to the existing literature. 

In addition to depth of analysis, this study contributes a unique 
breadth of analysis to the literature. Specifically, the comprehensive, 
population-level fee-for-service Medicare claims data afforded us the 
power to include a wide array of beneficiary characteristics, including 
the less populous ones. This broad view allowed us to identify those 
sociodemographic and clinical characteristics that convey the greatest 
vulnerability, including those lower in frequency whose true effects 
would have remained undetected in reports of overall population-level 
statistics. As such, our study was able to overcome the common, but 
perilous, limitation of studies that present findings only for the full study 

Table 3 
Relative Differences in All-Cause Mortality, by Sociodemographic Character
istic, within the Study Population of Beneficiaries Enrolled in Medicare Fee-For- 
Service (FFS) Parts A and B: 2019 vs. 2016 and 2020 vs. 2019.  

Sociodemographic 
Characteristic 

Sociodemographic 
Category 

Change in all- 
cause 
mortality 
(2019 vs 2016) 
OR (95% CI) 

Change in all- 
cause 
mortality 
(2020 vs 2019) 
OR (95% CI) 

Total FFS Parts A and 
B Enrolled Study 
Population  

0.990 (0.989, 
0.991) 

1.159 (1.156, 
1.620) 

American Indian/ 
Alaskan Native 

Race & Ethnicity 1.009 (0.999, 
1.019) 

1.369 (1.330, 
1.410) 

Asian/Pacific Islander Race & Ethnicity 1.002 (0.997, 
1.008) 

1.235 (1.215, 
1.255) 

Non-Hispanic White Race & Ethnicity 0.988 (0.987, 
0.989) 

1.131 (1.128, 
1.134) 

Black/African 
American 

Race & Ethnicity 1.005 (1.002, 
1.007) 

1.299 (1.289, 
1.309) 

Hispanic Race & Ethnicity 1.009 (1.005, 
1.012) 

1.349 (1.330, 
1.362) 

Other Race & Ethnicity 1.030 (1.019, 
1.041) 

1.220 (1.185, 
1.257) 

Unknown/Missing Race & Ethnicity 1.011 (1.000, 
1.023) 

1.148 (1.116, 
1.181) 

≤ 54 Age group 0.993 (0.989, 
0.998) 

1.171 (1.155, 
1.188) 

55–64 Age group 1.007 (1.004, 
1.010) 

1.185 (1.173, 
1.197) 

65–74 Age group 0.989 (0.987, 
0.990) 

1.149 (1.143, 
1.155) 

75–84 Age group 0.985 (0.983, 
0.986) 

1.160 (1.155, 
1.165) 

85+ Age group 1.003 (1.002, 
1.005) 

1.177 (1.173, 
1.182)  

Unknown/Missing Age group 
Female Sex 0.987 (0.986, 

0.988) 
1.150 (1.146, 
1.154) 

Male Sex 0.993 (0.992, 
0.994) 

1.169 (1.165, 
1.173)  

Unknown/Missing Sex 
Full-benefit Dual status 1.004 (1.002, 

1.006) 
1.303 (1.297, 
1.309) 

Partial-benefit Dual status 1.022 (1.018, 
1.026) 

1.191 (1.178, 
1.205) 

Non-dual Dual status 0.988 (0.987, 
0.989) 

1.118 (1.115, 
1.121) 

Rural Region 0.993 (0.992, 
0.995) 

1.151 (1.146, 
1.157) 

Urban Region 0.989 (0.988, 
0.990) 

1.162 (1.159, 
1.165)  
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sample or study population, as well as those that include common health 
conditions but omit conditions of lower prevalence, often psychiatric 
and disability-related [2–6]. Thus, with a wide array of beneficiary 
characteristics, this study was equipped to identify the most vulnerable 
subpopulations in fee-for-service Medicare. 

Given the novel and evolving nature of the virus, the all-cause 
mortality measure was ideal in elucidating the overall toll of the 
pandemic on human life, as it was able to capture both direct and in
direct effects of the COVID-19 pandemic. Equally important, our focus 
on measuring the relative changes in all-cause mortality across two 
points in time, for different subpopulations, rather than simply studying 
cross-sectional mortality-related risk factors in 2020, allowed us to 
identify subpopulation-specific trajectories prior to the pandemic, and 
additionally, the impact that the pandemic may have had on these tra
jectories. Measures of relative change between two points in time hold 
constant the factors that typically affect all-cause mortality within each 
specific subpopulation, year over year, thereby isolating the impact of 
time itself on the outcome and facilitating comparisons between 
subpopulations. 

Despite these advantages, our study does have some limitations. 
While we believe that the majority of our 2019-to-2020 odds-ratio 
change results are attributable to the COVID-19 pandemic [6], the 
possibility exists that non-pandemic-related factors played a change- 
exacerbating or change-attenuating role for any of our subpopulations. 
An example might be the rapid introduction of a non-COVID-19-related 
diagnostic tool, treatment or technology for a chronic condition in 2020. 
To our knowledge, however, no such sweeping medical advancements 
were introduced in 2020 for any of the condition categories included in 

our study. That said, our finding that lung cancer demonstrated the 
smallest increase in 2019-to-2020 all-cause mortality may be an artifact 
of its well-documented declining mortality and increasing survival in the 
general U.S. population over the last two decades resulting from ad
vancements in targeted immunotherapies [50,51]. We similarly found 
all-cause mortality among beneficiaries with lung cancer to have 
declined by 4.2% between 2016 and 2019 (OR, 0.958 [95% CI, 0.956 to 
0.961]). If this downward trend had continued naturally into 2020, as 
expected, this may have served to counterbalance the forces of the 
COVID pandemic on our lung-cancer findings. As a result, while it may 
appear as though the pandemic only mildly affected the lung-cancer 
population, its true impact on this population is unknown. Moreover, 
it was beyond our scope to ascertain why the pandemic impacted the 
different conditions differently. 

One constraining factor in this study is that the only available race or 
ethnicity variable for the Medicare fee-for-service population was an 
SSA-sourced, already imperfect variable that combines both of these 
social constructs into one variable [52,53], an amalgamation that fails to 
account for individuals who are bi- or multi-racial and/or bi- or multi- 
ethnic. In spite of this unavoidable limitation, our findings corroborate 
other reports of racial and ethnic disparities in all-cause mortality in the 
COVID-19 pandemic era [31–35]. 

Another limitation is that the observed effects associated with any 
given subpopulation may have been driven by characteristics of sub
groups within that subpopulation. Three examples of this could include: 
1) the subgroup of individuals residing in a residential care setting 
[unmeasurable with our data] among all individuals with an intellectual 
disability; 2) the subgroup of individuals with two or more comorbid 

Fig. 3. Relative Pre-Pandemic (2016–2019) and Post-Pandemic (2009–2020) Changes in Annual All-Cause Mortality (Odds-Ratio) among United States Population of 
Beneficiaries Enrolled in Medicare Fee-for-Service (FFS) Parts A and B, by Sociodemographic Characteristics*#. 
* Dashed lines signify population averages. 
# Odds ratios greater than 1.000 signify increasing (i.e., worsening) all-cause mortality. Odds ratios less than 1.000 signify declining (i.e., improving) all- 
cause mortality. 
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conditions [e.g., intellectual disability and schizophrenia] versus just 
one of these conditions; 3) and the various race and ethnicity subgroups 
among people with mental and behavioral health and disability-related 
conditions. In addition, because condition categories do not include 
details on prognosis, remission-status, treatment-engagement, etc., 
there may be some unobserved clinical variability within and between 
the condition categories. Finally, while the use of a relative measure has 
many advantages, large relative changes may be associated with small, 
absolute population-level differences, and small relative changes may be 
associated with large absolute population-level differences, depending 
on subpopulation size. 

This analysis quantified changes in all-cause mortality by different 
subpopulations and identified those with evidence of concerning tra
jectories (i.e., individuals of color, dually eligible beneficiaries, and 
patients with psychiatric and disability-related conditions). Some of 
these subpopulation characteristics may have a disproportionate insti
tutional component (e.g., intermediate-care facility for individuals with 
intellectual disabilities, residential substance abuse treatment facility, 
psychiatric residential treatment center, etc.). For example, one study 
found that 27.7% of persons with intellectual and other related dis
abilities live in a residential facility or nursing home [54]. We unfor
tunately did not have the ability to study residential setting in this 
population-based study because Medicare administrative data lacks 
this information for all beneficiaries. However, future investigations 
using other data sources should explore the potential role of institutional 
residence on all-cause mortality and other outcomes and identify the 
underlying, modifiable factors (e.g., staffing and care delivery in 
different residential care settings) within these groups, and their in
tersections, that could ultimately be the targets of future public health 
improvement policies and programs. 

In conclusion, our study highlights the vastly different experiences of 
Medicare’s different sociodemographic and health-condition sub
populations. Our findings shed light on Medicare’s more vulnerable 
beneficiary subgroups, both large and small, whose worsening pre- 
pandemic, and elevated pandemic-related all-cause mortality out
comes would have otherwise gone undetected in a study focusing solely 
on the population as a whole. In addition, our findings contribute a 
unique depth of analysis by presenting pandemic-associated changes in 
all-cause mortality in the context of preexisting trends. The unique 
subpopulation vulnerabilities revealed by our study signify a need for 
additional research to better understand the factors contributing to these 
disparities, as well as the timely development of appropriate and 
effective policies and programs to address them in the context of the 
ever-evolving COVID-19 pandemic as well as future epidemics. 
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