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Abstract: We examined the association between variation in COVID-19 deaths and spatial differences
in the racial, ethnic, and nativity-status composition of New York City neighborhoods, which has
received little scholarly attention. Using COVID-19 mortality data (through 31 May 2021) and
socioeconomic and demographic data from the American Community Survey at the Zip Code
Tabulation Area level as well as United-Hospital-Fund-level neighborhood data from the Community
Health Survey of the New York City Department of Health and Mental Hygiene, we employed
multivariable Poisson generalized estimating equation models and assessed the association between
COVID-19 mortality, racial/ethnic/nativity-status composition, and other ecological factors. Our
results showed an association between neighborhood-level racial and ethnic composition and COVID-
19 mortality rates that is contingent upon the neighborhood-level nativity-status composition. After
multivariable adjustment, ZCTAs with large shares of native-born Blacks and foreign-born Hispanics
and Asians were more likely to have higher COVID-19 mortality rates than areas with large shares of
native-born Whites. Areas with more older adults and essential workers, higher levels of household
crowding, and population with diabetes were also at high risk. Small-area analyses of COVID-19
mortality can inform health policy responses to neighborhood inequalities on the basis of race,
ethnicity, and immigration status.

Keywords: COVID-19 mortality; minority health disparities; immigrant neighborhoods; New York
City; spatial analysis

1. Introduction

New York City (NYC) bore the most significant share of the brunt of the COVID-19
pandemic within the United States [1,2]. Four of the five counties that make up NYC—
Bronx, Kings, New York, and Queens—had numbers of deaths from COVID-19 in the top
20 counties out of the more than 3000 counties within the United States. At the time of this
writing, about 1 in 24 deaths from COVID-19 in the U.S. were in NYC, far exceeding the
share of the U.S. population living in NYC—1 in 40 people in the U.S. lived in NYC [3].

Racial and ethnic disparities in COVID mortality have been a prominent, negative
outcome of the pandemic. Blacks and Hispanics were more likely to die from COVID-19
than Whites, and the percentages of Blacks and Hispanics dying from COVID-19 exceeded
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their shares of the population, respectively [4,5]. In New York State (NYS), the in-hospital
fatality rates for Blacks and Hispanics that died from COVID-19 were 5.38 and 3.48 times
higher than the fatality rate for non-Hispanic Whites, respectively [6]. Research of a cohort
study of patients in NYC found that although Black and Hispanic patients were more likely
to test positive for COVID-19, once they were hospitalized, Black patients were significantly
less likely to die than White patients; Hispanic patients’ risk of mortality was no different
than that of Whites, suggesting that a disproportionate share of the mortality of Blacks and
Hispanics occurred outside of the hospital at their homes and in their neighborhoods [7].

There have been several studies that examined racial and ethnic disparities in COVID-
19 mortality at the neighborhood level in NYC [8–18]. Descriptive evidence revealed
that neighborhoods with people of color, like East New York, East Harlem, and Corona,
had disproportionately higher rates of COVID-19 mortality than predominantly White
neighborhoods such as the Upper West Side and Greenwich Village [10,13,18]. However,
multivariable analyses revealed mixed findings with respect to the association between
the racial and ethnic composition of neighborhoods and COVID-19 mortality rates. For
example, some studies found that COVID-19 mortality did not significantly vary by the
racial and ethnic composition of neighborhoods, when controlling for neighborhood socioe-
conomic status and the share of essential workers [8,11,18]. Other research, however, found
a significant association between racial and ethnic composition and neighborhood-level
COVID-19 mortality rates [12,15,17–19]. Among the latter studies, there were differences in
the nature of the associations. For example, two studies found no significant association
between neighborhood Asian composition and COVID-19 mortality [12,17]. Other studies
just focused on White and Hispanic composition and did not examine Black and Asian
composition, making it difficult to know whether neighborhoods of particular minority
composition had higher rates of COVID-19 mortality [15,18,19].

The racial and ethnic composition of NYC neighborhoods is complicated by the fact
that NYC has been a prominent destination for immigrants. In 2017, 37.1% of NYC’s
population was born outside the United States, and sizeable shares of the White, Black,
Hispanic, and Asian populations—22.0%, 32.3%, 40.3%, and 70.9%, respectively,—were
immigrants [20]. It is possible that the differences in the association between neighborhood-
level racial and ethnic composition and COVID-19 mortality rates found in recent studies
were attributable to the variation in the shares of foreign-born population within each racial
and ethnic group in NYC neighborhoods. However, only one study examined racial and
ethnic composition of NYC neighborhoods by nativity status and its effect on COVID-19
mortality rates, but that study was limited in the time period examined and did not control
for community-level health indicators [16].

This study sought to build on this scant research and systematically explored the asso-
ciation between spatial variation in COVID-19 mortality rates across neighborhoods in NYC,
defined at the ZIP Code Tabulation Area (ZCTA) level, as it relates to the neighborhood-
level racial, ethnic, and nativity status composition, socioeconomic, demographic, and
health characteristics. Given that racial-ethnic-nativity-status-specific mortality rates were
unavailable by neighborhoods in NYC, this study provided a way to explore the association
between COVID-19 mortality and the racial, ethnic, and nativity-status composition of
neighborhoods in NYC to identify areas that were hardest hit by the pandemic. Moreover,
because many areas in NYC were composed of large shares of immigrant populations that
are Hispanic and Asian, this study offered the opportunity to build on existing research
that has treated race and ethnicity independent of nativity status.

2. Materials and Methods

We used a cross-sectional approach to conduct a spatial epidemiological analysis of
COVID mortality among all residents of NYC from 29 February 2020 to 31 May 2021. The
primary outcome of interest was the COVID-19 mortality rate for each ZCTA, calculated as
the total number of COVID-19 deaths in a ZCTA per 100,000 population. Data on COVID-19
deaths at the ZCTA level were acquired from data released daily by the New York City
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Department of Health and Mental Hygiene (NYC DOHMH) [21]. We used COVID-19
mortality rates as our outcome rather than COVID-19 infection rates because the former
was the most significant endpoint in the pandemic. Moreover, data on COVID-19 infection
rates were less valid as an outcome measure of the pandemic. Infection rates could have
been higher in a neighborhood because there were more actual COVID-19 cases or because
there were more tests available. This was of particular concern in areas with greater shares
of non-White or minority populations. In those areas, there was probably a lower rate of
infection because of a lack of tests rather than because of an actual lower rate of infection.

ZCTAs are generalized areal representations of United States Postal Service (USPS)
ZIP Code service areas. Data on demographic and socioeconomic characteristics of ZCTA
areas, including the racial, ethnic, and nativity-status composition; age composition; and
concentrated disadvantage index, were obtained from the 2014–2018, 5-year release of the
American Community Survey (ACS) available via the IPUMS NHGIS website maintained
by the University of Minnesota Population Center [22]. Data on community health indica-
tors were acquired from restricted data from the 2016–2018 New York Community Health
Survey (CHS), a telephone survey conducted annually by the NYC DOHMH [23].

Our primary unit of analysis was at the neighborhood level that is defined by ZCTAs.
Appendix A Figure A1 provided a map of the neighborhoods across NYC that were
included in our analysis, and Appendix A Table A1 showed the names of the neighborhoods
on the map. We linked mortality and sociodemographic data for 177 ZCTAs in NYC.
Our key variables of interest focused on the race, ethnicity, and nativity-status of the
population in the ZCTAs. In the ACS, race, ethnicity, and nativity-status were self-defined
by respondents [24]. The question on race asked persons in households to identify their
race—“What is Person 1’s race?” and respondents marked an X next to the boxes they
desired from the following socially constructed choices of race—White, Black, American
Indian or Alaska Native, several categories of Asian, and some other race [24]. The question
we used for ethnicity asked persons in the household to identify whether they were of
Hispanic, Latino, or Spanish origin; respondents made one of the following choices—no
they were not of Hispanic, Latino, or Spanish origin; or that they were of Hispanic, Latino,
and Spanish origin and then selected the specific category (i.e., Mexican, Puerto Rican,
Cuban, or filled in “another Hispanic, Latino, or Spanish origin”) [24]. Nativity status was
based upon the question posed to each person in the household that asked, “Where was this
person born?”; respondents that chose the U.S. had to print the name of the state; those that
chose outside the U.S. had to specify the country in which they were born. Nativity status
referred to native- and foreign-born segments of each racial and ethnic group. Foreign-born
status was defined as individuals born outside of the U.S., excluding Puerto Rico and
other U.S. islands, that were born to parents who were not U.S. citizens; native-born status
composed the residual group.

We used the 2014–2015 ACS Summary File (SF) that provided tables of aggregated
individual-level data at various levels of geography. For the purposes of our study, we
used tables that combined the race, ethnicity, and nativity status of respondents at the
ZCTA level of analysis. We measured the racial, ethnic, and nativity-status composition
with the following variables: the percentages of native- and foreign-born Blacks, Hispanics,
and Asians and the percentage of foreign-born, non-Hispanic Whites, with the percentage
of native-born, non-Hispanic Whites (hereafter referred to as native-born Whites) as the
reference group. It should be noted that for Blacks and Asians, the tables provided in
the ACS SF included both Hispanics and non-Hispanics. The ACS only provided data
stratified by Hispanic origin for Whites. Hispanics included those of all races. Therefore,
there was some overlap between our categories of Black and Asian with the category of
Hispanic. However, according to the 2014–2018 ACS data for NYC, only 9.6% of Blacks
and 0.9% of Asians identified that they were of Hispanic origin; and among Hispanics, 8%
and 0.4% identified as Black and Asian, respectively [25]. Thus, the overlap was minimal.
Our categorization of racial, ethnic, and nativity-status composition was consistent with
other research [13].
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To gauge the level of disadvantage of communities, we created a concentrated dis-
advantage index (CDI) [26]. The index was based upon five variables—poverty level,
unemployment rate, welfare receipt, percent of female-headed households, and percent
of children under 18 years of age in each ZCTA. We conducted a principal component
analysis, which confirmed that there was a single factor onto which these factors loaded.
Then we created z-scores and added the measures into a single index. High scores on this
index indicated high levels of concentrated disadvantage. Since a z score can range from
−3 to +3 for each measure, the plausible values of the CDI were from −15 to +15 for a
given census tract. We also created a variable measuring the percentage of those aged
65 and older. We included a measure of the percentage of housing units in which there
were more than one person per room to indicate household crowding at the neighborhood
level. To gauge the percentage of essential workers in the neighborhood, we followed the
methodology of Glaeser and colleagues [27].

We measured the health of communities using data for 42 University Hospital Fund
(UHF) areas from the CHS. To assign ZCTAs to UHFs, we used a population-weighted
centroid methodology on the basis of where the majority of the population fell [28,29]. To
gauge the health status of the population across NYC neighborhoods, we included the
percentage of the population in UHF areas that were told that they have: (1) high blood
pressure; and (2) diabetes. We included these variables because in NYC, hypertension
and diabetes have been found to be among the most common comorbidities of COVID-19
hospitalization [30] and mortality [31]. Moreover, neighborhoods that are disproportion-
ately Black and Hispanic have higher levels of hypertension and diabetes than White and
Asian neighborhoods, thereby making these neighborhoods more vulnerable to COVID-19
mortality [32]. Finally, we included an indicator variable indicating whether the ZCTA
included any area that had been historically redlined or was graded a “D” grade by the
Home Owner’s Loan Corporation (HOLC).

We used Poisson generalized estimating equation (GEE) models, with the log of the
total population as the offset to estimate Mortality Incidence Rate Ratios (MIRR) associated
with each risk factor. The MIRR was used to assess whether mortality rates were elevated
in ZCTAS with a higher proportion of individuals with a specific risk factor. Using Poisson
regression, the MIRR was calculated as the exponential of the regression coefficient for
each independent variable. The MIRR was interpreted as the risk ratio of the COVID-19
mortality rate increase associated with a one-percentage point unit increase in a particular
independent variable, while holding other variables constant. We further estimated pre-
dicted risk and residuals from our final model to assess the spatial distribution of model
estimates. A Moran’s I test for spatial autocorrelation of COVID-19 mortality indicated that
there was significant spatial autocorrelation. The GEE model allowed adjustment for the
geographical clustering of ZCTAs.

Furthermore, we used a nested model approach to evaluate the association across
multiple risk factors. First, we estimated models that only included the racial, ethnic, and
nativity-status composition variables. Then, we adjusted the estimates of compositional
variables for relevant sociodemographic characteristics. Then, we evaluated the association
between health characteristics of neighborhoods by including additional variables for
the prevalence of hypertension and diabetes. Finally, we included a model with our
redlining indicator variable. The model including hypertension showed the effect of that
health variable was non-significant, so the final results are presented only with the model
including diabetes. Our analyses were performed using the GEE procedure in SAS™
statistical software Version 9.4. (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Descriptive Results

Table 1 provides descriptive statistics for the dependent and independent variables
that were used in our multivariate analysis. The mean COVID-19 mortality rate across the
177 ZCTAs was 94.57 per 100,000 population (Range 0–390). The mean% of native-born
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Whites was 28.66%, which was the largest average among the compositional variables,
and there was a lot of variability (SD: 22.12) in its distribution across ZCTAs, with the
minimum and maximum values ranging from 0.56% to 89.66%. The mean% distributions of
native-born Blacks and Hispanics were 15.02% and 15.84%, respectively; and both variables
had a large range of values across ZCTAs, as their standard deviations were 16.52 and
11.06, respectively. Foreign-born Hispanics and Asians had mean% distributions of 10.21%
(Range 0–46.3) and 10.37% (Range 0.08–58.44), respectively. The percentage distribution
of foreign-born Whites and Blacks and native-born Asians were among the lowest mean
percentages across ZCTAs at 7.54%, 6.71%, and 4.51%, respectively.

Table 1. Descriptive Statistics for Dependent and Independent Variables.

Variable Mean Standard Deviation Min Max

COVID-19 Mortality Rate 94.57 75.12 0 390
Racial/Ethnic/Nativity Status Composition
Percentage:

Native-born White 28.66 22.12 0.56 89.66
Foreign-born White 7.54 6.82 0.11 47.52
Native-born Black 15.02 16.52 0.14 62.81
Foreign-born Black 6.71 9.47 0 46.99
Native-born Hispanic 15.84 11.06 1.12 46.66
Foreign-born Hispanic 10.21 9.81 0 46.3
Native-born Asian 4.51 4.06 0 16.13
Foreign-born Asian 10.37 10.30 0.08 58.44

Socioeconomic and Demographic Variables
Concentrated disadvantage index (CDI) 0 4.36 −7.62 11.45
Percentage aged 65 and older 14.30 5.04 0.46 28.98
Percentage essential workers 71.39 1.84 67.11 75.55
Percentage of crowded housing units 8.30 4.89 0.94 29.65

Health Status of the Community
Percentage told they have diabetes 10.66 3.96 3.86 17.15
Percentage told they have high blood pressure 26.52 6.40 15.83 37.95

Institutional Discrimination
ZCTA contained redlined area (1 = yes, 0 = no) 0.70 0.46 0 1

N 177

NOTE: All values were percentages except for the CDI which was a sum of z-scores and the redlining indicator,
which was a value of 1 if there was a redlined area in the ZCTA and 0 if there was not.

Table 1 shows variability across ZCTAs for our socioeconomic, demographic, health,
and institutional discrimination variables. The average CDI was 0, ranging from a low of
−7.62 to a high of 11.45. The mean% aged 65 and older was 14.30% with a range from 0.46%
to 28.98%. The percentage distribution of essential workers, however, showed less variation
than the other characteristics. The average% essential workers was 71.39% with a standard
deviation of only 1.84 units. The mean% of crowded housing units was 8.30, ranging from
0.94 to as high as 29.65. The average% distributions of those told by a doctor that they
have diabetes and high blood pressure were 10.66% (Range 3.86–17.15) and 26.52% (Range
15.83–37.95), respectively. The proportion of ZCTAs that contained formerly redlined areas
was 0.70.

3.2. Multivariable Results

What was the association between racial, ethnic, and nativity composition and COVID-
19 mortality across ZCTAs? In Table 2 in the unadjusted analysis (Model 1), for every
unit increase in percentage of foreign-born Whites in any ZCTA, we observed a 2.7%
increase in the COVID-19 mortality rate (MIRR = 1.027; 95% CI 1.018, 1.035) (Table 2).
Similar associations were seen with increases in the percentages of native-born Blacks
(MIRR = 1.010; 95% CI 1.003, 1.016), foreign-born Blacks (MIRR = 1.018; 95% CI 1.008,
1.027), native-born Hispanics (IRR = 1.010; 95% CI 1.002, 1.019), foreign-born Hispanics
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(MIRR = 1.015; 95% CI 1.008, 1.023), and foreign-born Asians (MIRR = 1.038; 95% CI 1.020,
1.056). However, an increase in the percentage of native-born Asians was significantly
associated with a decrease in COVID-19 mortality (MIRR = 0.934; 95% CI 0.887, 0.984).

Table 2. Poisson GEE Models of COVID-19 Deaths, New York City, 29 February 2021 to 31 May 2021.

Model 1 Model 2 Model 3 Model 4

Variable MIRR (95% CI) MIRR (95% CI) MIRR (95% CI) MIRR (95% CI)

Percentage:
Foreign-born White 1.027 *** 1.006 1.004 1.002

(1.018, 1.035) (0.998, 1.015) (0.995, 1.013) (0.993, 1.011)
Native-born Black 1.010 ** 1.010 *** 1.009 *** 1.008 **

(1.003, 1.016) (1.005, 1.016) (1.004, 1.015) (1.002, 1.014)
Foreign-born Black 1.018 *** 1.002 0.999 1.000

(1.008, 1.027) (0.991, 1.013) (0.988, 1.011) (0.988, 1.011)
Native-born Hispanic 1.010 * 1.005 1.002 1.002

(1.002, 1.019) (0.996, 1.015) (0.992, 1.013) (0.992, 1.012)
Foreign-born Hispanic 1.015 *** 1.012 *** 1.011 *** 1.012 **

(1.008, 1.023) (1.003, 1.020) (1.002, 1.019) (1.004, 1.019)
Native-born Asian 0.934 * 0.949 0.944 * 0.950

(0.887, 0.984) (0.899, 1.002) (0.896, 0.994) (0.900, 1.003)
Foreign-born Asian 1.038 *** 1.024 * 1.024 * 1.021 *

(1.020, 1.056) (1.004, 1.044) (1.005, 1.044) (1.001, 1.042)
Concentrated disadvantage index 1.010 1.007 1.007

(0.989, 1.033) (0.985, 1.029) (0.986, 1.029)
Percentage aged 65 and older 1.047 *** 1.047 *** 1.051 ***

(1.034, 1.061) (1.034, 1.060) (1.036, 1.066)
Percentage essential workers 1.068 ** 1.057 * 1.055 *

(1.024, 1.114) (1.010, 1.105) (1.010, 1.103)
Percentage of crowded housing units 1.023 *** 1.025 *** 1.023 ***

(1.010, 1.037) (1.011, 1.038) (1.011, 1.037)
Percentage told have diabetes 1.018 1.024 *

(0.996, 1.040) (1.001, 1.048)
ZCTA contained redlined area 1.122

(0.998, 1.261)
Constant 0.001 *** 0.000 *** 0.00001 *** 0.00001 ***

(0.0006, 0.001) (0.0000, 0.0000) (0.0000, 0.0002) (0.0000, 0.0002)
QIC −10,787.216 −14,703.009 −14,947.470 −15,223.392
N 177 177 177 177

* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. MIRR = Mortality Incidence Rate Ratio. CI = Confidence Interval.

Adjusting for the CDI and percentages of those aged 65 and older, essential workers,
and of crowded housing units, the aforementioned associations persisted only for the
covariates for percentages: native-born Black, foreign-born Hispanic, and foreign-born
Asian. Older age composition, percentage essential workers, and household crowding were
significantly associated with an increased risk of COVID-19 mortality (Table 2, Model 2). A
unit increase in the percentage of the population aged 65 and older was associated with
a 4.7% increase in the COVID-19 mortality rate (MIRR = 1.047; 95% CI 1.034, 1.061). A
one-unit increase in the percentage essential workers was associated with a 6.8% increase
in the COVID-19 mortality rate (MIRR = 1.068; 95% CI 1.024, 1.114), and a one-unit increase
in the percentage of crowded housing units was associated with a 2.3% increase in the
COVID-19 mortality rate (MIRR = 1.023; 95% CI 1.010, 1.037).

Research suggests a link between diabetes and COVID-19 mortality [33,34]. Therefore,
we further adjusted for the percentage of people told by doctors that they have diabetes per
ZCTA in Model 3 and observed that a one-unit increase in the percentage of people with
diabetes was associated with a 1.8% increase in the COVID-19 mortality rate, controlling
for other factors, although the coefficient was not statistically significant (MIRR 1.18; 95%
CI 0.996, 1.040). Additional adjustment for health status within each ZCTA did not change
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the established associations in Model 2, except for the coefficient for native-born Asians,
which became statistically significant.

In Model 4, we adjusted for the presence of redlining in the ZCTA because research
has suggested a link between redlining and COVID-19 infection in NYC [11]. However, the
coefficient for redlining was not statistically significant. Most of the established associations
present in Model 3 remained the same. However, the coefficient for native-born Asian
became non-significant. In contrast, the coefficient for diabetes became statistically signifi-
cant. The results in Model 4 show that a one-unit increase in the percentage of people with
diabetes was associated with a 2.4% increase in the COVID-19 mortality rate, controlling
for other factors, although the coefficient was not statistically significant (MIRR 1.024; 95%
CI 1.001, 1.048). The spatial distribution of the residual error terms from our final spatial
error model (Model 4) showed that our model fit is equivalent in neighborhoods across
NYC (see Appendix A Figure A2).

Figure 1 reports the predicted COVID-19 mortality rates per 100,000 population at the
ZCTA level. These maps used the predicted rates of COVID-19 mortality and residuals
based on Model 4, which included all the social determinants used in the study. The
predicted mortality provided a smoothed map, which may be used in conjunction with
the observed values, to show the areas that experienced the greatest levels of mortality. In
connection with previous research [13], the maps suggest that the highest predicted values
were in areas with higher percentages of native-born Blacks and foreign-born Hispanics
and Asians (Figure 1), suggesting that the variables in the model predicted COVID-19
mortality within two standard deviations of the observed values. Out of 177 ZCTAs, only
six areas had observed values that were significantly higher than the model predictions
(Appendix A Figure A2—see dark red values on the map), suggesting that there may be
additional unmeasured factors that could have contributed to higher mortality in these
areas. There were only two areas where observed values were lower than predicted values.
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4. Discussion

The main objective of this study was to examine the association between spatial
variation in COVID-19 mortality rates across neighborhoods in NYC, as it relates the racial,
ethnic, and nativity status composition of the population in those neighborhoods. We
sought to identify neighborhoods of color and immigrants in NYC that have been hardest
hit by the pandemic. We also examined what factors were associated with higher rates
of COVID-19 mortality in neighborhoods. Our analyses revealed that spatial variation
in COVID-19 mortality rates was not just a function of racial and ethnic composition of
neighborhoods in NYC as previous research has shown [8–15,17,18]. It was also highly
dependent upon the nativity-status composition of neighborhoods, supporting the results
of one study in the literature [16] and suggesting that future research should consider all
three of these characteristics of neighborhoods in examining spatial variation in COVID-19
mortality.

Our multivariate analyses revealed that there are several important characteristics of
neighborhoods, aside from the racial, ethnic, and nativity-status composition that related to
the spatial distribution of COVID-19 mortality rates across ZCTAs in NYC. The percentages
of the population: aged 65 and over, that were essential workers, living in crowded housing
units; and the percentage of the population in UHFs with diabetes were all positively and
significantly related to the level of COVID-19 mortality in neighborhoods across NYC.

It is established that older persons have a higher mortality rate from COVID-19 than
younger persons [35,36]. The age composition of the population in neighborhoods was also
a likely key factor explaining the association between the spatial variation of COVID-19
deaths per 100,000 population and percentages of the population that are foreign-born
White and native-born Asian. ZCTAs with larger percentages of foreign-born Whites
tended to be older, which in turn led to higher neighborhood-averaged mortality rates.
There was a larger proportion of younger people in ZCTAs with native-born Asians. Data
for NYC as a whole revealed that 50% of native-born Asians were under 18 years old,
relative to only 4% of foreign-born Asians [37]. The loss of statistical significance of the
association between COVID mortality and percentage native-born Asians after controlling
for ZCTA age composition was consistent with this demographic pattern.

Many of the ZCTAs that had large shares of native-born Black population and greater
levels of COVID-19 mortality rates were in areas with high levels of diabetes, which
has been shown to be a reflection of the persistent racial segregation faced by Blacks
in NYC [38,39]. Neighborhoods plagued by segregation had higher levels of crime and
greater levels of disinvestment that result in poorer structural resources like a lack of
high-quality healthcare and educational institutions and an absence of recreational facilities
and first-rate supermarkets [40]. Neighborhoods with large shares of native-born Blacks
in NYC were more likely to have poorer health outcomes and higher levels of mortality
than neighborhoods with greater shares of other minority groups because Black–White
residential segregation has been consistently in the highest range for five decades, exceeding
the segregation of other groups from Whites and setting NYC apart from many other cities
in the U.S. [38,39,41,42].

Our analysis showed that neighborhoods with large shares of foreign-born Hispanics
and Asians were particularly vulnerable to COVID-19 mortality, even after controlling for
neighborhood-level age composition, socioeconomic status, demographic factors, the health of
residents, and redlining in these areas. Therefore, our results suggested that there were other
factors likely correlated with the variation in COVID-19 deaths per 100,000 population in NYC.
Because many of the deaths in NYC resulted from the population becoming ill at the outset of
the pandemic, when masks were not mandated and stay-at-home orders were not in place,
we suspect that neighborhoods of Hispanic and Asian immigrants were likely to be more
vulnerable because of contact with others who recently traveled from overseas. In addition,
immigrant neighborhoods tended to have extensive co-ethnic social networks, particularly
in the form of friendship and kinship ties, which likely created greater levels of exposure to
COVID-19 [43]. Moreover, NYC levels of residential segregation of Hispanics and Asians
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from Whites were unusually high, suggesting that immigrants cluster in neighborhoods with
co-ethnics, raising their vulnerability to COVID-19 [44,45].

Our predicted rate map provided a visual representation of the variability in rates of
COVID-19 mortality as predicted by social determinants considered in this study. The rates
were highest in ZCTAs where the native-born Black population was very large, including
Kingsbridge-Riverdale, High Bridge-Morrisania, Pelham-Throgs Neck, East and Central
Harlem, East Flatbush-Flatbush, Bedford Stuyvesant-Crown Heights, and Jamaica [13]. The
predicted COVID-19 mortality rates were also high in ZCTAs with large shares of foreign-
born Hispanic population, including West Queens, East Harlem, and Jamaica, and in
ZCTAs with large shares of foreign-born Asian population, including Flushing-Clearview,
Ridgewood-Forest Hills, and Southwest Queens [13].

Our study has some limitations. Although the ACS data were collected at the census
block-group level, based on the underlying population distribution at that level of analysis,
we were limited to conducting the analysis at the ZCTA-level because the COVID mortality
data were only available at the zip-code level. In addition, the mortality data were not
released by race, ethnicity, or nativity status. Therefore, we could not examine correlates of
COVID-19 mortality for specific groups. Finally, the data were released at the ZCTA level,
which aligns with postal service distribution areas rather than neighborhoods as defined
by the residents of NYC.

5. Conclusions

Our analyses made clear that differences in COVID-19 mortality by the racial, ethnic,
and nativity-status composition of neighborhoods reflected spatial inequalities that existed
long before the pandemic. NYC is one of the most racially and ethnically segregated cities
in the US. Decades of racial and ethnic residential segregation and disinvestment and
the resultant poverty and unemployment have tragically ended many lives in neighbor-
hoods of color and immigrant neighborhoods. Investment in the infrastructure of these
neighborhoods is needed so that future lives are not lost.
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Table A1. ZCTAs in New York City by Borough and Neighborhood Names.

ZCTA Borough Neighborhood Name ZCTA Borough Neighborhood Name

10001 Manhattan Chelsea-Clinton 11204 Brooklyn Borough Park
10002 Manhattan Union Square-Lower East Side 11205 Brooklyn Downtown-Heights-Park Slope
10003 Manhattan Union Square-Lower East Side 11206 Brooklyn Williamsburg-Bushwick
10004 Manhattan Lower Manhattan 11207 Brooklyn East New York
10005 Manhattan Lower Manhattan 11208 Brooklyn East New York
10006 Manhattan Lower Manhattan 11209 Brooklyn Bensonhurst-Bay Ridge
10007 Manhattan Lower Manhattan 11210 Brooklyn East Flatbush-Flatbush
10009 Manhattan Union Square-Lower East Side 11211 Brooklyn Greenpoint
10010 Manhattan Gramercy Park-Murray Hill 11212 Brooklyn Bedford Stuyvesant-Crown Heights
10011 Manhattan Chelsea-Clinton 11213 Brooklyn Bedford Stuyvesant-Crown Heights
10012 Manhattan Greenwich Village-SoHo 11214 Brooklyn Bensonhurst-Bay Ridge
10013 Manhattan Greenwich Village-SoHo 11215 Brooklyn Downtown-Heights-Park Slope
10014 Manhattan Greenwich Village-SoHo 11216 Brooklyn Bedford Stuyvesant-Crown Heights
10016 Manhattan Gramercy Park-Murray Hill 11217 Brooklyn Downtown-Heights-Park Slope
10017 Manhattan Gramercy Park-Murray Hill 11218 Brooklyn Borough Park
10018 Manhattan Chelsea-Clinton 11219 Brooklyn Borough Park
10019 Manhattan Chelsea-Clinton 11220 Brooklyn Sunset Park
10020 Manhattan Chelsea-Clinton 11221 Brooklyn Williamsburg-Bushwick
10021 Manhattan Upper East Side 11222 Brooklyn Greenpoint
10022 Manhattan Gramercy Park-Murray Hill 11223 Brooklyn Coney Island-Sheepshead Bay
10023 Manhattan Upper West Side 11224 Brooklyn Coney Island-Sheepshead Bay
10024 Manhattan Upper West Side 11225 Brooklyn East Flatbush-Flatbush
10025 Manhattan Upper West Side 11226 Brooklyn East Flatbush-Flatbush
10026 Manhattan Central Harlem-Morningside Heights 11228 Brooklyn Bensonhurst-Bay Ridge
10027 Manhattan Central Harlem-Morningside Heights 11229 Brooklyn Coney Island-Sheepshead Bay
10028 Manhattan Upper East Side 11230 Brooklyn Borough Park
10029 Manhattan East Harlem 11231 Brooklyn Downtown-Heights-Park Slope
10030 Manhattan Central Harlem-Morningside Heights 11232 Brooklyn Sunset Park
10031 Manhattan Washington Heights-Inwood 11233 Brooklyn Bedford Stuyvesant-Crown Heights
10032 Manhattan Washington Heights-Inwood 11234 Brooklyn Canarsie-Flatlands
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Table A1. Cont.

ZCTA Borough Neighborhood Name ZCTA Borough Neighborhood Name

10033 Manhattan Washington Heights-Inwood 11235 Brooklyn Coney Island-Sheepshead Bay
10034 Manhattan Washington Heights-Inwood 11236 Brooklyn Canarsie-Flatlands
10035 Manhattan East Harlem 11237 Brooklyn Williamsburg-Bushwick
10036 Manhattan Chelsea-Clinton 11238 Brooklyn Bedford Stuyvesant-Crown Heights
10037 Manhattan Central Harlem-Morningside Heights 11239 Brooklyn Canarsie-Flatlands
10038 Manhattan Lower Manhattan 11354 Queens Flushing-Clearview
10039 Manhattan Central Harlem-Morningside Heights 11355 Queens Flushing-Clearview
10040 Manhattan Washington Heights-Inwood 11356 Queens Flushing-Clearview
10044 Manhattan Upper East Side 11357 Queens Flushing-Clearview
10128 Manhattan Upper East Side 11358 Queens Flushing-Clearview
10280 Manhattan Lower Manhattan 11359 Queens Flushing-Clearview
10301 Staten Island Stapleton-St. George 11360 Queens Flushing-Clearview
10302 Staten Island Port Richmond 11361 Queens Bayside-Little Neck
10303 Staten Island Port Richmond 11362 Queens Bayside-Little Neck
10304 Staten Island Stapleton-St. George 11363 Queens Bayside-Little Neck
10305 Staten Island Stapleton-St. George 11364 Queens Bayside-Little Neck
10306 Staten Island South Beach-Tottenville 11365 Queens Fresh Meadows
10307 Staten Island South Beach-Tottenville 11366 Queens Fresh Meadows
10308 Staten Island South Beach-Tottenville 11367 Queens Fresh Meadows
10309 Staten Island South Beach-Tottenville 11368 Queens West Queens
10310 Staten Island Port Richmond 11369 Queens West Queens
10312 Staten Island South Beach-Tottenville 11370 Queens West Queens
10314 Staten Island Willowbrook 11372 Queens West Queens
10451 Bronx High Bridge-Morrisania 11373 Queens West Queens
10452 Bronx High Bridge-Morrisania 11374 Queens Ridgewood-Forest Hills
10453 Bronx Crotona-Tremont 11375 Queens Ridgewood-Forest Hills
10454 Bronx Hunts Point-Mott Haven 11377 Queens West Queens
10455 Bronx Hunts Point-Mott Haven 11378 Queens West Queens
10456 Bronx High Bridge-Morrisania 11379 Queens Ridgewood-Forest Hills
10457 Bronx Crotona-Tremont 11385 Queens Ridgewood-Forest Hills
10458 Bronx Fordham-Bronx Park 11411 Queens Southeast Queens
10459 Bronx Hunts Point-Mott Haven 11412 Queens Jamaica
10460 Bronx Crotona-Tremont 11413 Queens Southeast Queens
10461 Bronx Pelham-Throgs Neck 11414 Queens Southwest Queens
10462 Bronx Pelham-Throgs Neck 11415 Queens Southwest Queens
10463 Bronx Kingsbridge-Riverdale 11416 Queens Southwest Queens
10464 Bronx Pelham-Throgs Neck 11417 Queens Southwest Queens
10465 Bronx Pelham-Throgs Neck 11418 Queens Southwest Queens
10466 Bronx Northeast Bronx 11419 Queens Southwest Queens
10467 Bronx Fordham-Bronx Park 11420 Queens Southwest Queens
10468 Bronx Fordham-Bronx Park 11421 Queens Southwest Queens
10469 Bronx Northeast Bronx 11422 Queens Southeast Queens
10470 Bronx Northeast Bronx 11423 Queens Jamaica
10471 Bronx Kingsbridge-Riverdale 11426 Queens Southeast Queens
10472 Bronx Pelham-Throgs Neck 11427 Queens Southeast Queens
10473 Bronx Pelham-Throgs Neck 11428 Queens Southeast Queens
10474 Bronx Hunts Point-Mott Haven 11429 Queens Southeast Queens
10475 Bronx Northeast Bronx 11432 Queens Jamaica
11004 Queens Southeast Queens 11433 Queens Jamaica
11005 Queens Southeast Queens 11434 Queens Jamaica
11101 Queens Long Island City-Astoria 11435 Queens Jamaica
11102 Queens Long Island City-Astoria 11436 Queens Jamaica
11103 Queens Long Island City-Astoria 11691 Queens Rockaway
11104 Queens Long Island City-Astoria 11692 Queens Rockaway
11105 Queens Long Island City-Astoria 11693 Queens Rockaway
11106 Queens Long Island City-Astoria 11694 Queens Rockaway
11201 Brooklyn Downtown-Heights-Park Slope 11695 Queens Rockaway
11203 Brooklyn East Flatbush-Flatbush 11697 Queens Rockaway
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