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Abstract While SARS-CoV-2 is a novel virus, con-
tagious respiratory illnesses are not a new problem.
Limited research has examined the extent to which
place- and race-based disparities in severe illness are
similar across waves of the COVID-19 pandemic and
historic influenza seasons. In this study, we focused
on these disparities within a low-income population,
those enrolled in Medicaid in New York City. We
used 2015-2020 New York State Medicaid claims
to compare the characteristics of patients hospital-
ized with COVID-19 during three separate waves of
2020 (first wave: January 1-April 30, 2020; second
wave: May 1-August 31, 2020; third wave: Septem-
ber 1-December 31, 2020) and with influenza dur-
ing the 2016 (July 1, 2016—June 30, 2017) and 2017
influenza seasons (July 1, 2017-June 30, 2018). We
found that patterns of hospitalization by race/ethnic-
ity and ZIP code across the two influenza seasons and
the first wave of COVID-19 were similar (increased
risk among non-Hispanic Black (aOR=1.17, 95%
CI: 1.10-1.25) compared with non-Hispanic white
Medicaid recipients). Black/white disparities in hos-
pitalization dissipated in the second COVID wave
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and reversed in the third wave. The commonality of
disparities across influenza seasons and the first wave
of COVID-19 suggests there are community factors
that increase hospitalization risk across novel respira-
tory illness incidents that emerge in the period before
aggressive public health intervention. By contrast,
convergence in hospitalization patterns in later pan-
demic waves may reflect, in part, the distinctive pub-
lic health response to COVID-19.

Keywords Hospitalization - SARS-CoV-2 -
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Introduction

In the early days of the COVID-19 pandemic, some
thought that the novel strain of coronavirus (SARS-
CoV-2) would act as a “great equalizer,” affecting
individuals equally because no one in the population
was immune or protected by a vaccine [1]. Yet, sur-
veillance reports have consistently documented sig-
nificant differences in infection, severe illness, and
mortality by age, sex, race/ethnicity, socioeconomic
status, and baseline health status [2—4]. The dispro-
portionate effect of COVID-19 on people of color has
been particularly alarming [5]. Black, Hispanic, and
American Indian or Alaska Native populations have
had between 2 and 4 times the rates of hospitalization
and death compared with white non-Hispanics [6].
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Unfortunately, disparities in viral respiratory
infection are not a new phenomenon [7]—they are
only new as a focus of attention. Historically, high
rates of hospitalization have been reported during
seasonal influenza seasons among Black, Ameri-
can Indian, and Hispanic or Latino populations [8].
Blumenshine et al. (2008) suggest three pathways
through which underlying differences in a social
position related to income and race manifest in
influenza disparities—/[1] disparities in exposure to
infection, [2] disparities in susceptibility to severe
disease due to a higher prevalence of underlying
conditions, and [3] differential access to healthcare
and treatment, once people become ill [9]. During
the HIN1 pandemic, for example, disparities at all
three stages synergistically interacted to increase
morbidity and mortality among Hispanic and Black
populations [10].

Despite the apparent similarities between the
clinical characteristics and transmission routes of
influenza and SARS-CoV-2, limited research to
date has directly examined to what extent place-
and race-based disparities in COVID-19 hospitali-
zations are similar to those in seasonal influenza.
Few studies have also considered how disparities
may have changed over the course of the COVID-
19 pandemic, as infection rates declined, lock-
down measures were implemented, and treatments
became available, changing the dynamics of expo-
sure, susceptibility, and access. Moreover, because
most studies examine population-level data, prior
estimates of the extent of place- and race-based
disparities may have been confounded by differ-
ences in income across groups.

To address these gaps, we use a cohort of Medic-
aid-insured adults in New York City (NYC) to com-
pare disparities in COVID-19 hospitalizations over
three distinct waves of the pandemic to prior influ-
enza seasons. Given the income eligibility require-
ments of the Medicaid program, our sample is rel-
atively homogenous economically allowing us to
examine disparities with limited confounding due to
differences in socioeconomic status. By examining
disparities across viral agents, these findings will
provide information about who is most at risk for
severe respiratory infectious illness within a low-
income population and whether these trends change
in response to public health policies.
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Methods
Data Source

We used 20162020 New York State Medicaid data,
which includes both fee-for-service and encounter
claims generated from managed care plans ( Histori-
cally, underreporting of encounters was a concern;
however, NYS encounter claims have a similar level
of completeness as traditional fee-for-service claims).
We created three cohorts of Medicaid recipients who
were enrolled during the COVID-19 pandemic but
before the widespread availability of vaccines (Janu-
ary—December 2020) or during the 2016 or 2017
influenza seasons (July—June) (Fig. 1). We selected
these seasons because they capture both a moder-
ate (2016) and severe (2017) flu season [1], and they
occurred after the introduction of the ICD-10, mak-
ing comparisons over time more tractable. For each
cohort, we selected adults 18 years or older who
were living in NYC as of the first month of the sea-
son. Recipients had to be continuously enrolled
(10+ months) during the relevant season, as well as
in the year prior to the season so that we could obtain
baseline health status. Thus, our sample included
approximately 1.9 million adults in the 2020 pan-
demic cohort, and 1.7 million adults during each of
the 2016-2017 and 2017-2018 influenza seasons.
The Institutional Review Board at New York Univer-
sity reviewed the study and provided an exemption as
a secondary analysis of existing data.

Measures

We identified diagnoses of COVID-19 using the
newly established ICD-10-CM code (U07.1), which
was formally recommend for use as of March 18,
2020 [11]. That being said, our analysis is based on
the date of admission (rather than the date of diagno-
sis). Therefore, we include 14 hospitalizations begin-
ning in January and 42 hospitalizations beginning in
February, who were discharged after March 18, 2020,
and received a diagnosis of U07.1. Although these
likely represent cases that contracted COVID-19 dur-
ing their hospitalization, we left them in the sample to
be consistent with the way we captured influenza in
previous years. Comparison between hospitalizations
with COVID-19 captured from Medicaid claims with
those reported by the NYC Department of Health and
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New York City Medicaid claims (2015-2020)

18+, continuously
enrolled July 1, 2016-
June 30,2017 (and year
prior) prior)
N=1,690,803

First hospitalization with
influenza dx
N=1,809

N=3,431

18+, continuously
enrolled July 1, 2017-
June 30,2018 (and year

N=1,716,622

First hospitalization with
influenza dx

Jan — April
N=8,589

18+, continuously
enrolled January 1, 2020-
December 31, 2020 (and
year prior)
N=1,864,881

First hospitalization with
COVID-19 dx
N=15,266

May - August
N=2,766

Fig. 1 Flowchart describing the study sample derived from New York City Medicaid claims, 2015-2020

Mental Hygiene show closely parallel trends (Appen-
dix Fig. 1). A recent validation study found that
UO07.1 was utilized by US hospitals within 2 weeks of
its release and the sensitivity, specificity, and positive
predictive value on inpatient claims were very high
(>90%) compared with microbiology reports (13).
Influenza was identified using the clinical classifica-
tion code 123, which is a series of ICD-10-CM codes
for different types of influenza viruses with and with-
out other clinical symptoms, such as pneumonia [12].
If individuals had more than one hospitalization in a
season, only the first event was included.

Patient demographic characteristics were extracted
from Medicaid enrollment files, including age (cat-
egorized as 18-39, 4049, 50-59, 60-69, 70-79, or
80+), sex (categorized as female or male/other), race/
ethnicity (categorized as non-Hispanic white, Black,
Asian and Pacific Islander, Native American and
Alaska Native, Hispanic, and other), and dual Med-
icaid/Medicare eligibility. We identified the ZIP Code
in which patients were living at the beginning of
each season (July 1, 2016, July 1, 2017, or January 1,
2020) to generate maps (our past research shows that
the address information in Medicaid is high quality,

with updates conducted at least annually during re-
enrollment). Finally, we created flags for pre-existing
conditions based on 1 year of historical claims. We
selected conditions that have been identified as asso-
ciated with COVID-19 mortality in other publications
[13], including heart disease, asthma, diabetes, can-
cer, kidney and liver disease, dementia, and arthritis.
Conditions were categorized based on the presence
of diagnosis codes that fall into clinical classification
groups, designed by the Healthcare Utilization and
Cost Project to represent clinically meaningful condi-
tions [12].

Statistical Analysis

We examined racial/ethnic disparities in hospitaliza-
tion using logistic regression models (separate for
each outcome). Adjusted models included age, sex,
dual eligibility (Medicare/Medicaid), and all pre-
existing conditions. In order to examine how risk
factors changed over the course of the pandemic, we
stratified COVID-19 models by the date of hospital
admission into three waves (first: January 1-April
30, 2020; second wave: May 1-August 31, 2020;
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Hospitalization Rates per 100K by Quartiles of ZCTA

2016-2017 Influenza

2017-2018 Influenza

2020 COVID (whole year)

Fig. 2 Comparison between COVID-19 hospitalizations reported by the NYC Department of Health and Mental Hygiene and in the

Medicaid data as of March 2021

and third wave: September 1-December 31, 2020).
We present odds ratios and 95% confidence inter-
vals. To examine differences by ZIP Code, we rank
ordered the rate of hospitalization per the Medicaid
adult population by ZIP Code within each season and
wave and then estimated Spearman Correlation coef-
ficients among ranks for the three waves of COVID
and the two flu seasons. Data manipulation and statis-
tical analysis were conducted in SAS 9.2 (Cary, North
Carolina). Maps were designed in Tableau (Tableau
Software, Inc., Seattle, WA).

Sensitivity Analyses
To account for potential misclassification of pneu-

monia-related hospitalization that were not influ-
enza related, we restricted hospitalizations during
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the 2016 and 2017 seasons to the months of Octo-
ber through March (when influenza is the most
prevalent). We also restricted COVID-19 hospi-
talizations to those with a primary diagnosis of
COVID-19 to account for cases that were identi-
fied secondary to other reasons for hospitalization.
Third, in order to account for potential differences
in influenza versus COVID-19 coding, we re-ran
the influenza models with influenza-like illness
as the outcome, which is a broader definition of
influenza including common symptoms but not a
laboratory-confirmed diagnosis. Fourth, to control
for differences in the criteria for hospital admis-
sion over time, we re-ran models using only those
hospitalizations with procedure codes for ventila-
tion (an indicator for severity). Finally, we re-ran
our analysis using an imputation method for race
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and ethnicity, which was missing from 18% of the
sample. We used the R package “wru” to imple-
ment the imputation, which includes surname, cen-
sus tract, age, and sex. We then re-ran regression
models to assess for any meaningful differences in
trends.

Table 1 Demographic and clinical characteristics of Medicaid
recipients hospitalized with seasonal influenza (July 1, 2016,
to June 30, 2017, and July 1, 2017, to June 30, 2017) or dur-

Results

From January to December 2020, there were 15,261
inpatient hospitalizations with a diagnosis of COVID-
19 among adults on Medicaid in NYC (Table 1).
This number is between 4 and 8 times greater than
the number of influenza hospitalizations during 2016
(n=1803) and 2017 (n=3424) influenza seasons,

ing the first, second, or third wave of the COVID-19 pandemic
COVID-19 (January 1 to December 2020), New York City

No. (%) 2016 influenza 2017 influenza 2020 COVID First wave Second wave Third wave
Total 1803 3424 15261 8583 2768 3910
Race/ethnicity

White Non-Hispanic 306 (17) 662 (19) 2993 (20) 1564 (18) 557 (20) 872 (22)
Black Non-Hispanic 383 (21) 867 (25) 3385 (22) 2126 (25) 625 (23) 634 (16)
Asian and Pacific Islander 192 (11) 300 (9) 1421 (9) 674 (8) 215 (8) 532 (14)
Other Non-Hispanic races 122 (7) 226 (7) 1191 (8) 675 (8) 215 (8) 301 (8)
Hispanic 698 (39) 1187 (35) 4028 (26) 2279 (27) 695 (25) 1054 (27)
Unknown 102 (6) 189 (6) 2243 (15) 1265 (15) 461 (17) 517 (13)
Age groups

18-39 273 (15) 408 (12) 2846 (19) 1311 (15) 847 (31) 688 (18)
4049 135 (8) 289 (8) 1648 (11) 996 (12) 283 (10) 369 (9)
50-59 297 (17) 662 (19) 3006 (20) 1851 (22) 457 (17) 698 (18)
60-69 335(19) 657 (19) 3253 (21) 2017 (24) 449 (16) 787 (20)
70-79 318 (18) 609 (18) 2,385 (16) 1348 (16) 361 (13) 676 (17)
80+ 445 (25) 799 (23) 2123 (14) 1060 (12) 371 (13) 692 (18)
Sex

Male 663 (37) 1318 (38) 7447 (49) 4473 (52) 1168 (42) 1836 (47)
Female 1140 (63) 2113 (62) 7784 (51) 4110 (48) 1600 (58) 2074 (53)
Pre-existing conditions

Heart disease 620 (34) 1231 (36) 4308 (28) 2466 (29) 757 (27) 1085 (28)
Asthma 530 (39) 1011 (30) 2458 (16) 1345 (16) 465 (17) 648 (17)
Diabetes 829 (46) 1726 (50) 7361 (48) 4338 (51) 1173 (42) 1850 (47)
Cancer 238 (13) 397 (12) 1496 (10) 798 (9) 259 (9) 439 (11)
Kidney disease 367 (20) 697 (20) 2947 (19) 1833 (21) 476 (17) 638 (16)
Liver disease 212 (12) 422 (12) 2308 (15) 1363 (16) 420 (15) 525 (13)
Dementia 245 (14) 424 (12) 1787 (12) 1072 (12) 340 (12) 375 (10)
Rheumatoid arthritis 69 (4) 100 (3) 374 (3) 199 (2) 78 (3) 97 (2)

> 1 condition 1422 (79) 2674 (78) 10790 (71) 6235 (73) 1823 (66) 2732 (70)
Dual Medicare/Medicaid

No 818 (45) 1571 (46) 9083 (60) 5126 (60) 1732 (63) 2225 (57)
Yes 985 (55) 1853 (53) 6178 (41) 3457 (40) 1036 (37) 1685 (43)

The 2016 influenza season is from July 1, 2016, to June 30, 2017; the 2017 influenza seasons is from July 1, 2017, to June 30, 2018;
the COVID-19 season is from January 1, 2020, to December 31, 2021; pre-existing conditions were coded based on the presence of
clinical classification codes, which group ICD-10-CM diagnosis codes into clinically meaningful categories [HCUP]. Note column
percentages may not add up to 100 due to rounding (source: New York State Medicaid Claims, 2015-2020)
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respectively. More than half of all COVID-19 hos-
pitalizations (n=8583) took place in the first wave
of the pandemic (through the end of April 2020).
Approximately 18% (n=2768) of all COVID-19 hos-
pitalizations took place from May to August and 26%
(n=3910) occurred from September to December.

Across COVID and both influenza seasons, we
found a similar proportion of hospitalizations by
race/ethnicity across seasons (Table 1). For exam-
ple, individuals that were non-Hispanic Black made
up 19.6% of all COVID-19 hospitalizations, 17.0%
of influenza hospitalizations in 2016, and 19.2% of
influenza hospitalizations in 2017 (this is roughly
similar to the Black proportion of Medicaid recipients
by year (19-20%, data not shown)). The only excep-
tion to this pattern was Hispanics, who made up 26%
of COVID-19 hospitalizations but roughly 35% of
influenza hospitalizations; however, there was also a
parallel increase in the proportion of hospitalizations
recorded as unknown race/ethnicity over time, which
could account for this difference. Across waves of the
COVID-19 pandemic, the proportion of hospitaliza-
tions to white non-Hispanics and Asian and Pacific
Islanders increased (from 18 in the first wave to 22%
in the third wave and from 8 to 14% respectively),
whereas the proportion to non-Hispanic Blacks
decreased (from 25 to 16%). The proportion of hos-
pitalizations to Hispanics stayed the same. Appendix
Table 1 presents the raw disparities by race/ethnicity
as odds ratios

In adjusted regression models, differences in
risk by race/ethnicity were less pronounced dur-
ing COVID-19 compared to previous influenza sea-
sons, when Black and Hispanic Medicaid recipients
had a higher risk compared to non-Hispanic whites
(Table 2). For example, where Black and Hispanics
had between 24-25% and 21-61% increased risk of
hospitalization compared to non-Hispanic whites dur-
ing the 2016 and 2017 influenza seasons, there was
no difference during COVID-19. Only Asian and
Pacific Islanders had a consistently lower risk of hos-
pitalization across all three seasons.

When COVID-19 hospitalizations are stratified
across waves of the pandemic, the racial/ethnic pat-
terns change dramatically over time (Table 2). Dis-
parities between non-Hispanic Blacks and whites
were strong in the first wave of the pandemic, closely
mirroring influenza patterns, but declined over the
course of 2020. Compared to non-Hispanic whites,
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non-Hispanic Blacks were 17% more likely to be
hospitalized during the early wave of the pandemic
(aOR=1.17, 95% CI: 1.10-1.25), and 25% and 23%
were more likely to be hospitalized in the 2016 and
2017 flu season, respectively (aOR=1.25, 95% CI:
1.07-1.46 and aOR=1.24, 95% CI:1.11-1.37). By
the fall of 2020, the risk of hospitalization for non-
Hispanic Blacks was significantly lower than the risk
for non-Hispanic whites (0.67, 95% CI: 0.60-0.74).
Hispanic adults also had an increased risk of hospi-
talization compared to non-Hispanic whites during
the early wave of the pandemic (OR=1.20, 95%:
1.13-1.28) (Appendix Table 1), but this was attenu-
ated in adjusted models and was not present in later
waves of the pandemic.

ZIP-level maps show similarities across years in
the geography of hospitalization for adults enrolled in
Medicaid (Fig. 2). The spatial distribution of COVID-
19 hospitalizations was more similar to the 2017
influenza season (rho=0.41) than the 2016 influenza
season (rho=0.34) (data not shown). Notably, the
ZIP distributions of hospitalizations for influenza in
both seasons were actually closer to that for COVID-
19 than they were to each other (tho=0.31). Similar
to the patterns with racial disparities, the distribu-
tion of COVID-19 hospitalizations looked the most
like influenza seasons in the early wave of COVID
(rtho=0.35 and 0.37 for 2016 and 2017, respectively)
and declined over time to rho=0.03 and 0.22 in the
third wave.

When we restricted influenza hospitalizations
to October through March (to reduce misclassi-
fication of pneumonia-related hospitalizations),
we found that the majority of influenza hospitali-
zations occurred during this narrower time frame
(87.1% and 94.4% in 2016 and 2017, respectively)
and running the regression with this subset of hos-
pitalizations did not change the findings materially
(Appendix Table 2). To account for diagnoses of
COVID-19 that might be secondary to other rea-
sons for hospitalizations, we restricted to hospitali-
zations where COVID-19 was the primary diagno-
sis. We found that approximately 58% (n=_8865)
hospitalizations had COVID-19 as the primary
diagnosis at discharge. When we looked at regres-
sion models among this subset, the findings were
largely unchanged with the exception of age, which
showed a stronger effect at older ages than in the
main results (Appendix Table 3. Findings were also
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Table 2 Adjusted odds ratio between patient characteristics and influenza hospitalization or COVID-19 hospitalization during the
first, second or third wave of the pandemic among adults continuously enrolled in Medicaid in New York City, 2015-2020

2016 influenza 2017 influenza COVID-19 First wave Second wave Third wave
Adjusted OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Race/ethnicity
White Non- REF REF REF REF REF REF
Hispanici

Black Non-His-
panic

Asian and Pacific
Islander

Other Non-His-
panic races

Hispanic

Unknown

Age group

18-39

40-49

50-59

60-69

70-79

80+

Sex

Male

Female

Pre-existing
conditions

Heart disease

Asthma

Diabetes

Cancer

Kidney disease

Liver disease

Dementia

Rheumatoid
arthritis

Dual Medicare/
Medicaid

No
Yes

1.25 (1.07-1.46)

0.77 (0.65-0.93)

1.06 (0.86-1.31)

1.61 (1.40-1.84)
0.78 (0.62-0.99)

REF
1.04 (0.84-1.28)
1.55 (1.30-1.84)
1.69 (1.40-2.03)
2.12 (1.72-2.62)
3.63 (2.94-4.47)

REF
1.02 (0.93-1.13)

1.86 (1.66-2.09)
2.81 (2.53-3.13)
1.14 (1.02-1.26)
1.48 (1.29-1.71)
2.39 (2.10-2.72)
1.38 (1.19-1.60)
1.41 (1.21-1.64)
1.20 (0.94-1.54)

REF
1.38 (1.21-1.58)

1.24 (1.11-1.37)

0.52 (0.45-0.60)

0.89 (0.77-1.04)

1.21 (1.10-1.34)
0.62 (0.52-0.73)

REF
1.49 (1.28-1.73)
2.24 (1.97-2.55)
2.15 (1.87-2.47)
2.67 (2.29-3.31)
4.40 (3.75-5.15)

REF
0.99 (0.92-1.06)

2.00 (1.84-2.17)
2.88 (2.66-3.11)
1.34 (1.24-1.44)
1.24 (1.12-1.38)
2.17 (1.98-2.38)
1.37 (1.23-1.52)
1.30 (1.16-1.45)
1.03 (0.84-1.26)

REF
1.35 (1.23-1.49)

0.99 (0.94-1.04)

0.43 (0.40-0.46)

0.92 (0.86-0.98)

0.98 (0.93-1.03)
0.91 (0.86-0.97)

REF
1.38 (1.30-1.47)
1.82 (1.72-1.91)
1.97 (1.85-2.08)
2.17 (2.01-2.33)
2.43 (2.25-2.63)

REF
0.75 (0.72-0.77)

1.77 (1.70-1.84)
1.32 (1.26-1.38)
1.66 (1.60-1.72)
1.12 (1.06-1.18)
2.36 (2.26-2.47)
1.54 (1.47-1.62)
1.98 (1.87-2.10)
1.10 (0.99-1.23)

REF
0.87 (0.83-0.92)

1.17 (1.10-1.25)

0.38 (0.35-0.42)

0.98 (0.89-1.07)

1.05 (0.98-1.12)
1.01 (0.93-1.09)

REF
1.80 (1.66-1.96)
2.38 (2.21-2.56)
2.61 (2.42-2.83)
2.64 (2.39-2.91)
2.57 (2.31-2.86)

REF
0.67 (0.64-0.70)

1.68 (1.59-1.78)
1.24 (1.17-1.32)
1.73 (1.65-1.82)
1.03 (0.96-1.11)
2.58 (2.43-2.73)
1.57 (1.48-1.67)
2.21 (2.06-2.38)
1.04 (0.90-1.20)

REF
0.86 (0.81-0.92)

0.97 (0.87-1.09)

0.38 (0.32-0.45)

0.91 (0.78-1.06)

0.95 (0.85-1.06)
0.88 (0.77-1.00)

REF

0.78 (0.68-0.90)
0.89 (0.79-1.00)
0.80 (0.69-0.91)
0.84 (0.71-1.00)
0.99 (0.83-1.19)

REF
0.99 (0.92-1.07)

2.08 (1.88-2.30)
1.34 (1.20-1.48)
1.51 (1.38-1.65)
1.14 (1.0-1.30)

2.26 (2.02-2.53)
1.68 (1.50-1.87)
2.32 (2.04-2.65)
1.33 (1.06-1.67)

REF
1.07 (0.95-1.21)

0.67 (0.60-0.74)

0.56 (0.51-0.63)

0.82 (0.72-0.93)

0.88 (0.80-0.97)
0.77 (0.68-0.86)

REF
1.31 (1.15-1.48)
1.84 (1.65-2.06)
2.17 (1.93-2.43)
2.99 (2.60-3.45)
4.21 (3.63-4.88)

REF
0.79 (0.74-0.84)

1.71 (1.58-1.85)
1.47 (1.35-1.60)
1.59 (1.48-1.70)
1.29 (1.16-1.43)
1.84 (1.67-2.02)
1.35 (1.23-1.49)
1.31 (1.16-1.47)
1.10 (0.90-1.35)

REF
0.80 (0.72-0.88)

The 2016 influenza season is from July 1, 2016, to June 30, 2017; the 2017 influenza seasons is from July 1, 2017, to June 30, 2018;
the COVID-19 season is from January 1, 2020, to December 31, 2021; all models are adjusted for age, race/ethnicity, sex, dual eli-
gibility, and all pre-existing conditions and run using logistic regression. AOR, adjusted odds ratio; CI, confidence interval (source:
New York State Medicaid Claims, 2015-2020)

unchanged when we broadened the definition of
influenza to influenza-like illness (ILI) for both the
2016 and 2017 season (Appendix Table 4). When
we looked at only those hospitalizations with

ventilation, we noted treatment patterns did change
over time (ranging from 6 to 10% across influenza
and COVID-19 seasons), but these patterns did not
affect the overall results (data not shown). Finally,
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Table 3 Crude odds ratio between patient characteristics and COVID-19 hospitalizations in the first, second, and third waves of the
pandemic among adults continuously enrolled in Medicaid in New York City, 2020

2016 influenza 2017 influenza COVID-19 First wave Second wave Third wave
Crude OR (95% Crude OR (95% Crude OR (95% Crude OR (95% Crude OR (95% Crude OR (95%
(@) CI) CI) (@) CI) CI)
Race/ethnicity
White Non- REF REF REF REF REF REF
Hispanic

Black Non-His-
panic

Asian and Pacific
Islander

Other Non-His-
panic races

Hispanic

Unknown

1.03 (0.89-1.20)

0.58 (0.49-0.70)

0.89 (0.72-1.10)

1.68 (1.47-1.92)
0.33 (0.27-0.42)

1.08 (0.97-1.19)

0.42 (0.37-0.48)

0.76 (0.66-0.89)

1.35 (1.23-1.49)
0.26 (0.22-0.31)

0.92 (0.88-0.97)

0.43 (0.41-0.46)

0.88 (0.82-0.94)

1.11 (1.06-1.16)
0.57 (0.54-0.60)

1.11 (1.04-1.19)

0.40 (0.36-0.43)

0.95 (0.87-1.04)

1.20 (1.13-1.28)
0.61 (0.57-0.66)

0.92 (0.82-1.03)

0.36 (0.31-0.42)

0.85 (0.73-1.00)

1.03 (0.92-1.15)
0.63 (0.55-0.71)

0.59 (0.53-0.66)

0.56 (0.50-0.62)

0.76 (0.67-0.87)

0.99 (0.91-1.08)
0.45 (0.40-0.50)

The 2016 influenza season is from July 1, 2016, to June 30, 2017; the 2017 influenza seasons is from July 1, 2017, to June 30, 2018;
the COVID-19 season is from January 1, 2020, to December 31, 2021; OR, odds ratio; CI, confidence interval (source: New York
State Medicaid Claims, 2015-2020)

Appendix Figure 1 Hospi-
talization rates per 100,000
Medicaid recipients by
quartiles of ZIP Code tabu-
lation area (ZCTA) during
the 2016 and 2017 influenza
seasons and COVID-19

our imputation method predicted that the majority

of individuals with unknown race/ethnicity were

Hispanic. When we used the predicted values for
individuals with unknown race/ethnicity, the values
among Hispanics were slightly attenuated (consist-
ent with the fact that the unknown had a low risk
of hospitalization), but still statistically significant
and trends overall did not change substantially

(data not shown).
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Our findings suggest that place- and race-disparities
in hospitalization rates for respiratory infectious dis-
ease are not new or different. Patterns of hospitali-
zations by race/ethnicity across two historic influ-
enza seasons and the first wave of the COVID-19
pandemic were similar, but changed over the second

and third waves of the pandemic. This suggests that
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Table 4 Comparing trends during a concentrated flu season (October to March) with the full year in 2016 and 2017 in order to rule
out the effect of non-influenza-related pneumonia, New York City

2016 influenza 2017 influenza

October—March July—June October—-March July—June

aOR  L95% U95% aOR L95% U95% aOR L95% U95% aOR L95% U95%
Age group
18-39 REF REF REF REF
40-49 1.05 0.84 1.32 1.03 0.84 1.27 149  1.27 1.74 147 1.26 1.71
50-59 1.55 1.29 1.87 .51 1.27 1.79 225 197 2.57 220 194 2.51
60-69 146 1.17 1.82 147 1.20 1.80 198 1.70 2.31 1.96 1.69 2.27
70-79 191 151 2.40 1.98 1.60 2.46 262 222 3.08 259 221 3.03
80+ 334 2.65 4.21 344 278 4.26 436 3.69 5.14 423  3.60 4.96
Sex
Male REF REF
Female 1.04 094 1.15 1.02 092 1.12 0.99 092 1.07 098 092 1.06
Race/ethnicity
White non-Hispanic REF REF
Black non-Hispanic 1.27  1.08 1.50 1.25  1.07 1.45 122 1.09 1.36 123 1.11 1.37
Asian and Pacific Islander  0.78  0.64 0.95 0.77 0.64 0.93 0.50 0.43 0.58 052 045 0.59
Other non-Hispanic 1.06  0.85 1.33 1.05 0.85 1.29 091 0.78 1.06 0.89 0.76 1.03
Hispanic 1.60 1.38 1.86 1.60 1.39 1.83 1.20  1.09 1.33 1.20 1.09 1.33
Unknown 0.75 0.58 0.97 0.79  0.63 1.00 0.62 0.52 0.74 0.63 0.53 0.74
Dual Medicare/Medicaid
No REF REF
Yes 147 1.25 1.72 148 1.27 1.71 1.39  1.25 1.55 140 1.27 1.55
Pre-existing conditions
Heart disease 1.86 1.64 2.10 1.83 1.64 2.05 1.99 1.83 2.17 2.00 1.84 2.17
Asthma 2779 249 3.12 2.83 254 3.15 2.81 259 3.04 2.88 2.67 3.11
Diabetes 1.14  1.02 1.27 .13 1.02 1.26 133 1.23 1.43 133 1.24 1.43
Cancer 1.50 1.29 1.74 148 1.28 1.70 1.26 1.13 1.41 1.25 112 1.39
Kidney disease 250 2.18 2.87 240 211 2.72 215 195 2.36 217 198 2.38
Liver disease 1.26  1.07 1.48 1.36  1.17 1.58 135 1.21 1.50 1.36  1.23 1.52
Dementia 149 1.28 1.75 141 1.21 1.63 .32 1.18 1.48 1.30 1.16 1.46
Rheumatoid arthritis 121 094 1.57 1.21 095 1.54 1.01 0.82 1.24 1.04 0.85 1.27

All models are adjusted for age, race/ethnicity, sex, dual eligibility, and all pre-existing conditions and run using logistic regression.
AOR, adjusted odds ratio; CI, confidence interval (source: New York State Medicaid Claims, 2015-2020)

pre-existing structural factors, common to COVID
and influenza, may have played a role in generating
disparities in the risk of exposure and severe illness
from the very start of the pandemic. Differences in
infection rates in the first wave may have contrib-
uted to a reduction in the size of the susceptible
population and, as a result, a decline in disparities.
It is also possible that public health policy changes
may have been instrumental in mitigating dispari-
ties over time.

While many studies have documented the
racial/ethnic disparities in COVID-19 hospitaliza-
tions [14], only a handful have directly compared
COVID-19 with historical influenza patterns. These
studies have largely focused on the clinical com-
plications and outcomes among those hospitalized
[15-17], though some include patient characteristics
as part of their descriptive analysis [18-20] or as
part of a focused analysis among one ethnic group
[21]. Direct comparison between these studies and
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Appendix

Table 3 Comparing
patient demographic and
clinical characteristics
in hospitalizations with
a primary diagnosis of
COVID-19 versus any
diagnosis of COVID-19,
New York City

All models are adjusted
for age, race/ethnicity,

sex, dual eligibility, and

all pre-existing conditions
and run using logistic
regression. AOR, adjusted
odds ratio; CI, confidence
interval (source: New York
State Medicaid Claims,
2015-2020)

COVID-19

Primary diagnosis

Any diagnosis

aOR L95% U95% aOR L95% U95%
Age group
18-39 REF REF
40-49 2.54 2.31 2.79 1.38 1.30 1.47
50-59 3.76 3.46 4.09 1.81 1.71 1.91
60-69 4.29 3.93 4.68 1.96 1.85 2.08
70-79 5.00 4.51 5.53 2.16 2.01 2.33
80+ 5.66 5.08 6.31 243 2.25 2.62
Sex
Male REF REF
Female 0.66 0.63 0.69 0.75 0.72 0.77
Race/ethnicity
White non-Hispanic REF REF
Black non-Hispanic 1.01 0.95 1.08 0.99 0.94 1.04
Asian and Pacific Islander 0.46 0.42 0.50 0.43 0.40 0.46
Other non-Hispanic 0.92 0.85 1.01 0.92 0.86 0.98
Hispanic 1.02 0.95 1.08 0.98 0.93 1.03
Unknown 0.90 0.85 0.96 0.87 0.83 0.92
Dual Medicare/Medicaid
No REF REF
Yes 0.94 0.87 1.02 0.91 0.86 0.97
Pre-existing conditions
Heart disease 1.71 1.62 1.80 1.77 1.70 1.84
Asthma 1.44 1.36 1.52 1.32 1.26 1.38
Diabetes 1.70 1.62 1.78 1.66 1.61 1.73
Cancer 1.06 0.99 1.14 1.12 1.06 1.18
Kidney disease 2.27 2.14 2.41 2.36 2.26 2.47
Liver disease 1.48 1.39 1.57 1.54 1.47 1.62
Dementia 1.73 1.61 1.86 1.99 1.88 2.10
Rheumatoid arthritis 1.20 1.06 1.36 1.10 0.99 1.22

ours is difficult because most are limited to data
early in the pandemic, include different baseline
influenza years, and utilize populations with differ-
ent socioeconomic variation than ours. For exam-
ple, two studies (from the Veterans Health Admin-
istration and Cook County, Illinois) reported even
greater racial/ethnic disparities during COVID-19,
with higher rates of COVID-19 hospitalizations
among Black and Hispanic populations compared
with previous influenza seasons [19, 21]. This dif-
ference may be related to the fact that our sample
is relatively homogenous economically compared to
other samples.

@ Springer

In addition to our focus on a low-income popu-
lation, our study is also one of the first to exam-
ine how the characteristics of patients hospitalized
with COVID-19 changed over the course of 2020,
which is important to consider in light of changes in
underlying infection rates, knowledge about trans-
mission, social distancing policies, and treatment
options that became available over time. Our find-
ings suggest that place- and race-based disparities
in COVID-19 were present early in the pandemic
and were consistent with trends present in previ-
ous influenza seasons. The declining relative risk of
hospitalizations among Black and Hispanic patients
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Appendix

. 2016 influenza 2017 influenza
Table 4 Adjusted odds
ratios for hospitalizations N=24,485 N=35,752
with Influenza-like-Illness
during the 2016 and 2017 aOR L95% U95% aOR L95% U95%
inﬂuenza seasons, New Age group
York City
18-39 REF REF
40-49 1.49 1.41 1.57 1.45 1.39 1.51
50-59 1.93 1.85 2.02 2.04 1.96 2.11
60-69 1.75 1.66 1.84 1.83 1.75 1.91
70-79 2.09 1.97 221 1.99 1.89 2.09
80+ 3.09 2.92 3.28 293 2.78 3.08
Sex
Male REF REF
Female 0.79 0.77 0.81 0.80 0.78 0.81
Race/ethnicity
White non-Hispanic REF REF
Black non-Hispanic 1.41 1.35 1.46 1.25 1.21 1.30
Asian and Pacific Islander 0.57 0.54 0.60 0.48 0.46 0.50
Other non-Hispanic 1.04 0.99 1.10 0.96 0.91 1.00
Hispanic 1.22 1.18 1.27 1.09 1.06 1.13
Unknown 0.61 0.57 0.65 0.53 0.50 0.56
Dual Medicare/Medicaid
No REF REF
Yes 1.34 1.29 1.39 1.13 1.09 1.16
Pre-existing conditions
All models are adjusted Heart disease 2.17 2.10 223 2.18 2.12 224
for age, race/ethnicity, Asthma 2.90 2.81 2.98 2.70 2.63 2.77
sex, dual eligibility, and Diabetes 1.20 1.17 1.24 1.29 1.26 1.32
all pre-existing conditions Cancer 152 146 1.58 147 142 1.52
and run using logistic . .
regression. AOR, adjusted Kidney disease 2.41 232 2.49 2.48 2.40 2.55
odds ratio; CI, confidence Liver disease 1.63 1.56 1.69 1.70 1.65 1.76
interval (source: New York Dementia 1.71 1.64 1.79 1.91 1.84 1.98
State Medicaid Claims, Rheumatoid arthritis 124 116 1.33 124 116 1.32
2015-2020)

over waves of the pandemic in particular is sup-
ported by a recent analysis from the CDC COVID-
19 Response team [22], which found that racial/
ethnic disparities were largest in the early pan-
demic and decreased over time. Immunity acquired
through earlier infection may explain part of this
difference. The increased risk early in the pandemic
suggests that underlying structural factors, such as
crowded housing, neighborhood conditions, and
employment patterns, rather than factors directly
related to pandemic response (such as employment
in essential jobs) played the most important role in
generating disparities.

There are several limitations to consider. First,
health care claims are not as accurate as the clinical
measurement of viral infection and historic codes
for influenza may be coded with less accuracy than
COVID-19, which appears to have high sensitivity
and specificity [23]. These differences in the qual-
ity of coding over time, or in the threshold for which
people were hospitalized, could introduce bias in
our comparisons. Second, our analysis of racial/eth-
nic disparities is limited by an increasing proportion
of individuals with unknown race/ethnicity; how-
ever, our findings did not change using an impu-
tation method. Third, we only had access to data
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through December 2020; therefore, we were unable
to look at ongoing waves of COVID-19 . Finally, we
restricted our population of interest to those continu-
ously enrolled in Medicaid; therefore, our analysis
may not be representative of the full burden of hos-
pitalizations among the Medicaid population, such
as people who enrolled only at the time of hospitali-
zation. Our results also may not be generalizable to
every influenza season; we selected one moderate
and one severe season, both of which were dominated
by influenza A (H3N2) [24, 25]; however, different
strains develop every year and may affect slightly dif-
ferent populations.

Public Health Implications

Despite historic trends in influenza and calls to
address inequities in pandemic preparedness plan-
ning, many were surprised by disparities in infec-
tion, severe illness, and mortality during the COVID-
19 pandemic. The commonality of disparities we
found across both influenza seasons and the first wave
of the COVID-19 pandemic suggests that there are
pre-existing community factors that increase the risk
of respiratory illness. Policymakers should use this
opportunity and the national attention on disparities
to re-examine policies that drive differences in expo-
sure, severity, and mortality related to viral infections
more generally. In particular, future research should
examine the role of housing, community conditions,
and participation in social programs to explain the
variation and how these factors may have played a
role in the early wave of the pandemic.
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