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Abstract: We examined the all-cause and COVID-19-specific mortality among World Trade Center
Health Registry (WTCHR) enrollees. We also examined the socioeconomic factors associated with
COVID-19-specific death. Mortality data from the NYC Bureau of Vital Statistics between 2015–2020
were linked to the WTCHR. COVID-19-specific death was defined as having positive COVID-19 tests
that match to a death certificate or COVID-19 mentioned on the death certificate via text searching.
We conducted step change and pulse regression to assess excess deaths. Limiting to those who died
in 2019 (n = 210) and 2020 (n = 286), we examined factors associated with COVID-19-specific deaths
using multinomial logistic regression. Death rate among WTCHR enrollees increased during the
pandemic (RR: 1.70, 95% CL: 1.25–2.32), driven by the pulse in March–April 2020 (RR: 3.38, 95% CL:
2.62–4.30). No significantly increased death rate was observed during May–December 2020. Being
non-Hispanic Black and having at least one co-morbidity had a higher likelihood of COVID-19-
associated mortality than being non-Hispanic White and not having any co-morbidity (AOR: 2.43,
95% CL: 1.23–4.77; AOR: 2.86, 95% CL: 1.19–6.88, respectively). The racial disparity in COVID-19-
specific deaths attenuated after including neighborhood proportion of essential workers in the
model (AOR:1.98, 95% CL: 0.98–4.01). Racial disparities continue to impact mortality by differential
occupational exposure and structural inequality in neighborhood representation. The WTC-exposed
population are no exception. Continued efforts to reduce transmission risk in communities of color is
crucial for addressing health inequities.
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1. Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2 or COVID-19)
pandemic emerged as a global health emergency in the beginning of 2020, resulting in
large-scale physical and mental health concerns as the world was confronted with the
unprecedented crisis. SARS-CoV-2, the virus that causes COVID-19, may cause severe
respiratory complications that lead to life-threatening situations and require invasive
medical interventions. Excess mortality from direct and indirect causes of the pandemic has
been well reported in different countries [1–3]. New York City (NYC) was an early epicenter
of the pandemic, with more than 6000 residents testing positive and over 500 deaths per
day during the peak period in March and April of 2020 [4]. The COVID-19 pandemic has
disproportionally affected communities of color, the elderly, and those with pre-existing
chronic health conditions, such as diabetes, obesity, chronic obstructive pulmonary disease,
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cardiovascular diseases, hypertension, and chronic kidney disease, resulting in more deaths
among these individuals [5–8].

In addition to the direct impact of COVID-19 on physical health, mental health con-
ditions such as depression, anxiety, and post-traumatic stress disorder (PTSD) were also
reported to increase [9,10] during the pandemic. Many individuals also experienced indi-
rect economic and social consequences such as unemployment, loss of income, closures
of schools and universities, increase in domestic violence, child neglect or abuse, and
other financial insecurities that contribute to poor mental health [9,11,12]. There were also
suggestions that the suicide rate rose as an indirect consequence of COVID-19’s socioeco-
nomic impact, which is becoming a more pressing concern as the pandemic continues [13].
Another major indirect cause of death stemming from the COVID-19 pandemic was the
disruption of health care. Those with either pre-existing or newly diagnosed physical or
mental health conditions may have experienced delays in receiving a medical diagnosis and
treatment secondary to the reduction in public services or avoiding care due to concerns
about contracting COVID-19 [14]. Hence, lack of hospital beds and other treatment delays
may have increased the risk of mortality in those with already compromised health [7].

Many individuals present in lower Manhattan during the 11 September 2001 World
Trade Center (WTC) attacks witnessed or experienced traumatic events, consequently re-
sulting in significant physical and psychological morbidities from the exposure [15], namely
asthma, sinusitis, gastroesophageal reflux disease (GERD), PTSD, and depression [15–17].
Having multiple co-morbidities resulting from a higher level of exposure [17] is also an
indication of poorer health-related quality of life [16,18]. Though no excess overall mortality
in the WTC-exposed population was reported from 2003–2014, a dose–response relation of
WTC-related exposure with increased risk of all-cause mortality has been reported [19]. Ex-
cess death due to certain types of malignant neoplasms, such as neoplasms of the lymphatic
and hematopoietic tissues, were found to be higher among WTC survivors compared with
the NYC population [19]. The suicide rate was also elevated in rescue/recovery workers
compared with the general NYC population [19]. Moreover, those who suffered with
probable PTSD resulting from the WTC exposure had a higher all-cause, cardiovascular,
and external-cause mortality than those without PTSD [20]. Therefore, it is possible that
the COVID-19 pandemic might have complicated or heightened the severity of the exist-
ing health conditions in this traumatized population, resulting in a higher risk of death
than expected.

We aimed to examine whether there was excess all-cause and COVID-19-specific
mortality among the World Trade Center Health Registry (WTCHR) enrollees who resided
in NYC in 2020. We also examined the association of socioeconomic and behavioral
characteristics with COVID-19-specific mortality compared with pre-pandemic mortality
and non-COVID-19-specific mortality in 2020.

2. Materials and Methods
2.1. Data Sources and Study Population

The WTCHR is by far the largest post-disaster registry in U.S. history. It was estab-
lished in 2002 to conduct longitudinal follow-up on individuals who were exposed to the
WTC disaster. The details of the Registry are described elsewhere [18,21,22]. In brief, the
Registry completed enrolment in 2003–2004 and had recruited over 71,000 participants.
The cohort includes rescue/recovery workers, lower Manhattan residents, office workers,
students, and passerby. All enrollees provided verbal informed consent at enrolment
(Wave 1), followed by completion of a detailed questionnaire related to sociodemographic
characteristics, WTC exposure, and physical and mental health history. Since enrolment,
four subsequent waves of surveys were completed in 2006–2007 (Wave 2), 2011–2012
(Wave 3), 2015–2016 (Wave 4), and 2020–2021 (Wave 5). In the present study, all data on the
risk factors examined were from Wave 1 to Wave 4.

The WTCHR data were periodically linked to the NYC BVS for mortality surveillance
through 2020. The NYC Department of Health and Mental Hygiene (DOHMH). Bureau
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of Vital Statistics (BVS) maintains the single largest repository of mortality data in NYC.
All deaths that occur in NYC are required to be reported to the DOHMH within 24 h from
the medical examiner who completes the person, time, location, cause of death and other
necessary medical information of the decedent using an electronic reporting system, eVital,
and within 72 h from the Morgue and funeral director for the rest of the death-related
information. NYC BVS validated and registered the death reports upon receipt.

In the present study, the study population was from the WTCHR cohort and limited
to those who resided in NYC based on the last known residential address. We excluded
those who were presumably not living in NYC during the study period. Considering the
discordancy between residency and receipt of health care or other social services in NYC,
we used a consistent approach across all years to determine the residency status of our
enrollees for a given year based on the last known address. The number of eligible enrollees
per year ranged between 36,384 and 42,293 during 2015–2019 and was 37,651 in 2020.

2.2. Ascertainment of Death

Deaths occurring among eligible enrollees were identified via linkage to the BVS death
certificates through probabilistic matching. Potential matches were records that matched
to parts of key identifiers such as name, date of birth, social security number and last
known address. Key identifiers from the Registry and data from the vital records were
electronically compared, and a score was assigned for each potential match based on degree
of similarity. These scores aided identification of deaths of enrollees during manual review
by two independent reviewers. In the case of disagreement, a third reviewer determined
whether the case was a match [23]. For the study period, linkage data for years 2019–2020
was received in early 2021 and includes both the confirmed and probable COVID-19-specific
deaths occurred in 2020. Confirmed COVID-19-specific death was defined as having a
positive molecular test for the virus that causes COVID-19 that matched to the death
certificate and did not die of external causes such as gunshot wounds or drug overdose.
To address instances in which a person was diagnosed with COVID-19 and survived, but
later died, likely of other causes, starting in June 2020, people who died more than 60 days
after their COVID-19 diagnosis and starting on 3 August 2021, people who died more
than 30 days after their COVID-19 diagnosis who did not have “COVID” or similar listed
on their death certificate were removed from the COVID19-specific death count. Since
14 April 2020, DOHMH also began to report probable COVID-19–specific deaths, when the
death certificate mentioned COVID-19 or an equivalent term (e.g., COVID-19, SARS-CoV-2,
or another term) as the cause of death in the absence of positive molecular test for the
virus that causes COVID-19 [4]. Both confirmed and probable deaths are considered as
COVID-19-specific death in this study.

2.3. Predictive Variables

Age at death, gender, race and ethnicity, last known marital status, income, smoking
history, history of 9/11-related PTSD, neighborhood proportion of essential workers, type of
enrollees, and having at least one chronic health condition were examined. Type of enrollees
was obtained at enrollment and defined as either community members or rescue/recovery
workers. All other variables, except for neighborhood proportion of essential workers,
were defined based on the last known survey or location data of the decedents. Age at
death was examined as a continuous variable in multivariable regression. Marital status
was categorized as never married versus all other. Income was based on the last update
status up until wave 4 and was categorized as ≤75,000 and >75,000. Smoking history was
defined as either never or ever smoked, with those who reported to have smoked in the
past in any of the wave surveys (Wave 1 to Wave 4) defined as ever smoked.

Differential occupation risk has been found to be associated with COVID-19 mortality,
with essential workers enduring disproportionally higher mortality rates than non-essential
workers [24]. The WTCHR does not have complete individual level data on occupation
and so neighborhood proportion of essential workers by zip code from the 2019 American
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Community Survey’s 1-year estimate was evaluated instead [25]. Individual zip code was
mapped with Zip Code Tabulation Area (ZCTA) from the U.S. Census. All the zip codes in
our sample had the same value as ZCTA except for one, 10138, which was converted to
10016 for ZCTA based on the UDS crosswalk file [26]. We selected six major occupations of
essential workers in the civilian population ≥16 years old that were highly associated with
COVID-19 deaths [27]: (1) healthcare support, (2) protective service, (3) food preparation
and serving related, (4) building and grounds cleaning and maintenance, (5) personal care
and service, and (6) production, transportation, and material moving. The proportion of
each occupation by zip code was categorized dichotomously using the median proportion
of all NYC zips as the break point. A composite dichotomous variable of neighborhood
proportion of essential workers was created with an event if the proportion of at least
two of the six occupations by zip code was above median.

PTSD was assessed using the PTSD Checklist-Specific (PCL-S). Probable PTSD was
defined as a score greater than 50. PCL-S is a 17-item self-reported measure of PTSD
symptoms based on the American Psychiatric Association’s DSM-IV criteria and has
demonstrated good validity [28,29]. It asked about symptoms in relation to a specific
“stressful experience” in this case, the WTC attacks. A total symptom severity score was
derived by summing the scores from the items. Based on the PTSD classification at all
waves, we grouped individuals into two mutually exclusive categories: (1) never had PTSD
and (2) history of PTSD.

Chronic health conditions included asthma, hypertension, angina, heart attack, coro-
nary or other heart disease, stroke, and diabetes. Those who reported having any of these
conditions in any of the primary wave surveys (wave 1 to wave 4) were considered to have
at least one chronic health condition.

2.4. Statistical Analyses

The monthly number of deaths in 2020 and the mean monthly death count between
2015 and 2019 were enumerated in our sample. We compared the observed crude monthly
total death rate per 1000 persons in year 2020, with the average monthly crude death
rate per 1000 persons for the previous 5 years (2015–2019). To assess the excess mortality,
we first used the difference-in-differences approach by comparing the observed monthly
death count in year 2020 with the mean monthly death count in the previous 5 years, for
with (all-cause) and without COVID-19-specific deaths for year 2020, then we examined
the impact of the pandemic on the monthly death rate since March 2020 by conducting a
single step change (sustained) and multiple individual pulse (temporary) quasi-Poisson
time series regression models, with March to December 2020 as the COVID-19 pandemic
intervention period, and individual bimonthly COVID-19 periods since March 2020 as
the pulse periods, using RStudio version 4.2.1 (RStudio Team (2019). RStudio: Integrated
Development for R. RStudio, Inc., Boston, MA, USA). Moreover, we limited our sample to
those who died in 2019 and 2020 and divided the time into two periods: prior to pandemic
(before March 2020) and since pandemic (March 2020 and onward), to assess the association
of age, race/ethnicity, marital status, neighborhood proportion of essential workers, income,
smoking status, history of PTSD, type of enrollees and any chronic health conditions with a
three-level outcome: death prior to pandemic, non-COVID-19-specific death during the
pandemic, and COVID-19-specific death by multinomial logistic regression model, using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

Overall, 1283 deaths were identified among an average of approximately 35,000 NYC
enrollees between 2015 and 2020, amongst whom 210 and 286 individuals died in 2019
and 2020, respectively. Eighty-five confirmed and probable COVID-19-specific deaths
were identified. A temporary increase in the death rate was observed in March and April
2020 compared with the average death rate for the same months in the previous 5 years
(Figure 1).
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Figure 1. Average monthly crude death rate in 2015 to 2019 vs. monthly crude death rate in 2020
with (all-cause) and without COVID-19-specific deaths per 1000 persons among WTCHR enrollees.

Table 1a shows the results of the difference-in-difference analysis with (all-cause)
and without COVID-19-specific deaths. There was no significant difference in the mean
number of deaths for all-cause (β = 9.18, p-value = 0.17) and non-COVID-19-specific deaths
(β = 0.68, p-value = 0.86) between pre- and post-pandemic periods by months (January and
February 2020, March to December 2020, separately).

Table 1. (a). Difference-in-difference analysis in monthly number of all-cause (including COVID-19)
and non-COVID-19-associated deaths. (b). Comparison of time series analysis with step change for
the entire COVID-19 period and pulse periods in 2020.

(a)

All-Cause Non-COVID-19
Co-Efficient p Value 95% CI Co-Efficient p Value 95% CI

Constant 17.00 <0.01 * 12.08–21.92 17.00 <0.01 * 14.18–19.82
DID (year × month) 1 9.18 0.17 −4.03–22.39 0.68 0.86 −6.88–8.24
Year (2020 vs. 2015–2019) 0.00 1.00 −12.06–12.06 0.00 1.00 −6.91–6.91
Months (March to December vs.
January–February) −0.88 0.75 −6.27–4.51 −0.88 0.57 −3.97–2.21

Adjusted R-Squared 0.11 −0.03
F-Statistics p value 0.01 0.87

(b)

Entire COVID-19 Period COVID-19 Pulse Period (March to April) COVID-19 Pulse Period (May to December)

Rate Ratio 95% CI p Value Rate Ratio 95% CI p Value Rate Ratio 95% CI p Value

(Intercept) 0.00 0.00–0.00 <0.01 * 0.00 0.00–0.00 <0.01 * 0.00 0.00–0.00 <0.01 *
Time elapsed 1.00 1.00–1.01 0.14 1.01 1.00–1.01 <0.01 * 1.01 1.01–1.02 <0.01 *

COVID-19 (March to
December) 1.70 1.25–2.32 <0.01 *

Individual COVID-19
pulse period
March–April 3.38 2.62–4.30 <0.01 *

May–December 1 0.88 0.59–1.29 0.53

* Statistically significant at <0.01; 1 No individual bi-monthly COVID-19 pulse period was significant.

Table 1b shows the results of step change segmented regression models for the entire
pandemic period (March 2020 onward), March and April 2020 only, and May to December
2020, specified as the intervention period in separate models. There was a significant
overall increase in the rate of death in the pandemic period (RR: 1.70, 95% CL: 1.25–2.32),
which is driven by the pulse in March and April (RR: 3.38, 95% CL: 2.62–4.30). From May
to December 2020, there was no significant increase in the rate of death for any individual
bi-monthly pulse (The combined result for May to December is presented in the last panel).
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Table 2 compares the characteristics of WTCHR enrollees who died in year 2019
and 2020 by period (prior to vs. since the pandemic) and cause of death (all-cause and
COVID-19 specific-death). The proportion of COVID19-specific deaths compared with
non-COVID19-specific deaths differed by race/ethnicity, having a history of at least one
chronic health condition, and ZCTA proportion of essential workers during 2019–2020 and
March-December 2020 (p-values < 0.05). There was a higher proportion of all-cause deaths
in 2020 vs. 2019 in enrollees living in a ZCTA above the median proportion of essential
workers compared to at or below the median.

Table 2. Characteristics of Deceased in Years 2019 and 2020 by Time Periods and Cause of Death.

Deceased during 2019–2020 (n = 496) Deceased during March–December 2020
(n = 250)

All-Cause
in 2019

All-Cause
in 2020 p Value 2

COVID-19-
Specific

Non-
COVID-19-

Specific p Value 2
COVID-19-

Specific

Non-
COVID-19-

Specific p Value 2

Characteristic n (%) n (%) n (%) n (%) n (%) n (%)

Total 251 245 85 411 85 160

Age at 9/11, years
20–44 52 (20.72) 61 (24.90) 0.096 23 (27.06) 90 (21.90) 0.028 * 23 (27.06) 38 (23.75) 0.123
45–64 132 (52.59) 138 (56.33) 52 (61.18) 218 (53.04) 52 (61.18) 86 (53.75)
≥65 67 (26.69) 46 (18.78) 10 (11.76) 103 (25.06) 10 (11.76) 36 (22.50)

Gender
Female 111 (44.22) 98 (40.00) 0.341 29 (34.12) 180 (43.80) 0.100 29 (34.12) 69 (43.13) 0.171

Male 140 (55.78) 147 (60.00) 56 (65.88) 231 (56.20) 56 (65.88) 91 (56.88)

Race/ethnicity
Non-Hispanic

White 124 (49.40) 110 (44.90) 0.335 29 (34.12) 205 (49.88) 0.009 * 29 (34.12) 81 (50.63) 0.023 *

Non-Hispanic
Black 49 (19.52) 62 (25.31) 30 (35.29) 81 (19.71) 30 (35.29) 32 (20.00)

Hispanic 36 (14.34) 28 (11.43) 12 (14.12) 52 (12.65) 12 (14.12) 16 (10.00)
All Other 42 (16.73) 45 (18.37) 14 (16.47) 73 (17.76) 14 (16.47) 31 (19.38)

Marital Status 1

All other 206 (82.07) 198 (81.48) 0.865 73 (85.88) 331 (80.93) 0.282 73 (85.88) 125 (79.11) 0.195
Never married 45 (17.93) 45 (18.52) 12 (14.12) 78 (19.07) 12 (14.12) 33 (20.89)

ZCTA proportion of
essential workers 3

≤median 124 (49.40) 96 (37.96) <0.010 * 24 (28.24) 193 (46.96) <0.002 * 24 (28.24) 69 (43.13) 0.022 *
>median 127 (50.60) 152 (62.04) 61 (71.76) 218 (53.04) 61 (71.76) 91 (56.88)

Income 1

≥$75,000 64 (27.83) 71 (31.00) 0.455 21 (25.93) 114 (30.16) 0.448 21 (25.93) 50 (33.78) 0.219
<$75,000 166 (72.17) 158 (69.00) 60 (74.07) 264 (69.84) 60 (74.07) 98 (66.22)

Smoking status 1

Never 79 (41.15) 88 (45.60) 0.378 33 (45.83) 134 (42.81) 0.641 33 (45.83) 55 (45.45) 0.959
Ever 113 (58.85) 105 (54.40) 39 (54.17) 179 (57.19) 39 (54.17) 66 (54.55)

History of PTSD
No 172 (68.53) 178 (72.65) 0.313 60 (70.59) 290 (70.56) 0.996 60 (70.59) 118 (73.75) 0.597
Yes 79 (31.47) 67 (27.35) 25 (29.41) 121 (29.44) 25 (29.41) 42 (26.25)

History of chronic
health condition

No 54 (21.51) 48 (19.59) 0.596 7 (8.24) 95 (23.11) 0.002 * 7 (8.24) 41 (25.63) 0.001 *
Yes 197 (78.49) 197 (80.41) 78 (91.76) 316 (76.89) 78 (91.76) 119 (74.38)

Type of enrollees
Community

members 182 (72.51) 170 (69.39) 0.444 54 (63.53) 298 (72.51) 0.097 54 (63.53) 116 (72.50) 0.147

Rescue/recovery
workers 68 (27.49) 75 (30.61) 31 (36.47) 113 (27.49) 31 (36.47) 44 (27.50)

1 Numbers do not add up to total due to missing category. 2 Chi-Square test. 3 Neighborhoods of at least two
of the following occupations are greater than median: (1) healthcare support, (2) protective service, (3) food
preparation and serving related, (4) building and grounds cleaning and maintenance, (5) personal care and service,
and (6) production, transportation, and material moving. * Statistically significant at <0.05.

In multinomial regression analyses (Table 3), being non-Hispanic Black and having a
history of chronic health condition were significantly associated with COVID-19-specific
deaths after adjusting for other individual level sociodemographic and behavioral factors
(2.43, 95% CL: 1.23–4.77; AOR: 2.86, 95% CL: 1.19–6.88, respectively), but without adjusting
for ZCTA proportion of essential workers. After further adjustment for ZCTA proportion
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of essential workers, only a history of chronic diseases remained statistically significantly
associated with COVID-19-specific deaths (AOR:2.79, 95% CL:1.16–6.74).

Table 3. Multinomial Analysis of the Association of Socio-economic, Behavioral and Neighborhood
Factors with Cause of Death During 2019–2020 1.

Cause-Specific Death during March–December 2020 1

Adjusted for Individual Level Factors Adjusted for Individual and Neighborhood Factors

Non-COVID-19 Death
(n = 160)

COVID-19 Death
(n = 85)

Non-COVID-19 Death
(n = 160)

COVID-19 Death
(n = 85)

AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI

Age at Death, by year 1.00 0.98–1.02 0.98 0.96–1.00 1.00 0.98–1.02 0.98 0.96–1.01

Gender
Female Ref Ref Ref Ref Ref Ref Ref Ref

Male 1.01 0.65–1.57 1.35 0.76–2.40 1.01 0.65–1.57 1.34 0.76–2.39

Race
Non-Hispanic White Ref Ref Ref Ref Ref Ref Ref Ref
Non-Hispanic Black 1.08 0.61–1.92 2.43 1.23–4.77 * 0.97 0.54–1.76 1.98 0.98–4.01

Hispanic 0.73 0.36–1.48 1.56 0.67–3.64 0.72 0.36–1.46 1.48 0.63–3.48
All Other 1.19 0.65–2.15 1.72 0.78–3.78 1.13 0.62–2.06 1.54 0.69–3.43

Marital Status
All other Ref Ref Ref Ref Ref Ref Ref Ref

Never married 1.17 0.68–1.99 0.73 0.35–1.54 1.20 0.70–2.05 0.76 0.36–1.61

ZCTA proportion of at least two
of the six types of essential
workers 2

≤Median — — — — Ref Ref Ref Ref
>Median — — — — 1.37 0.88–2.13 1.78 0.98–3.23

Income
≥$75,000 Ref Ref Ref Ref Ref Ref Ref Ref
<$75,000 0.76 0.46–1.25 1.08 0.56–2.08 0.74 0.45–1.22 1.05 0.54–2.02

Unknown 0.65 0.27–1.59 0.72 0.20–2.60 0.67 0.28–1.63 0.76 0.21–2.76

Smoking status
Never Ref Ref Ref Ref Ref Ref Ref Ref

Ever 0.82 0.51–1.32 0.87 0.49–1.55 0.85 0.53–1.38 0.93 0.52–1.66
Unknown 0.92 0.52–1.64 0.63 0.29–1.35 0.95 0.53–1.68 0.66 0.30–1.43

History of PTSD
No Ref Ref Ref Ref Ref Ref Ref Ref
Yes 0.87 0.54–1.39 0.73 0.41–1.30 0.87 0.54–1.38 0.72 0.40–1.30

History of chronic health
condition

No Ref Ref Ref Ref Ref Ref Ref Ref
Yes 0.80 0.49–1.33 2.86 1.19–6.88 * 0.80 0.48–1.33 2.79 1.16–6.74 *

Type of enrollees
Community Members Ref Ref Ref Ref Ref Ref Ref Ref

Rescue/recovery workers 1.02 0.61–1.71 1.18 0.64–2.19 0.99 0.59–1.66 1.12 0.61–2.08

Ref, referent. 1 Compared with all deceased during January 2019–February 202. 2 Types of essential workers
include healthcare support, protective service, food preparation and serving related, building and grounds
cleaning and maintenance, personal care and service, and production, transportation, and material moving
(reference [27]). * Statistically significant at <0.05.

4. Discussion
4.1. Main Findings

An increase in all-cause mortality during the peak of the pandemic in March and April
2020 was observed among WTCHR enrollees compared to pre-pandemic period. Although
the mortality rate was lower than that in the overall NYC population, COVID-19-specific
mortality drove about a three-fold increase in deaths in March–April 2020 compared with
the previous 5-year average of our cohort, while a seven-fold increase was previously
observed among the general population in NYC [30]. The risk factors associated with
COVID-19-specific deaths are similar to those found in other populations, with having at
least one chronic health condition significantly associated with higher COVID-19-specific
death rates. Being non-Hispanic Black was also associated with COVID-19-specific deaths
before, but not after adjustment for neighborhood proportion of essential workers. This
suggests that the racial disparity in COVID-19-specific mortality was to some degree
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explained by the differential occupational exposure of essential workers, demonstrating
the role of longstanding structural inequality in perpetuating negative health outcomes.

4.2. Excess Mortality

We observed an almost 3-fold excess in all-cause mortality during year 2020 compared
to the average of previous 5 years among our enrollees. The excess mortality primarily
occurred between March–May 2020, the early stage of the pandemic, consistent with what
was observed in the general population in NYC. However, the proportion of COVID-specific
deaths was not as high in the WTCHR as the NYC population [30], which might be due to
medical services available to WTCHR enrollees regardless of their private health insurance
status. Specifically, members of our cohort can receive medical evaluation, monitoring,
and treatment from the World Trade Center Health Program (WTCHP) [31,32], including
9/11-related medical services at no out-of-pocket cost. Moreover, the Treatment Referral
Program Unit of the WTCHR actively refers enrollees to the WTCHP and facilitates their
access to monitoring and treatment [33]. The lower proportion of excess deaths in the
WTCHR might also be due to population differences. For example, our cohort consists of
predominantly non-Hispanic White enrollees with a relatively higher socioeconomic status
at baseline than the NYC general population at that time [34].

4.3. Pre-Existing Chronic Health Conditions

Statistically significantly higher prevalence of certain physical and mental health
conditions has been reported among the WTC-exposed population, including asthma, lower
respiratory symptoms, GERD, PTSD, depression, and certain types of autoimmune disease
and cancer [16,17,35,36]. It is well-known that those with chronic health conditions are
more likely than those without these conditions to develop life-threatening consequences
from COVID-19 infection that require invasive medical intervention or even result in
death [5–8]. NYC areas with a higher prevalence of pre-existing health conditions also had
significantly higher death rates than areas with a lower prevalence [37]. Our finding of a
positive association between chronic health conditions and COVID-19-specific-mortality,
after adjustment of covariates including type of enrollees, supports findings from the
general population. In our sample, among those who died of COVID-19, about 31% had
at least three conditions versus about 24% for those who died prior to the pandemic.
Continued close monitoring in people with underlying conditions is necessary to prevent
COVID-19-specific deaths in this higher risk group.

4.4. Racial Disparity

A burden of elevated COVID-19-specific mortality and positivity rate in non-Hispanic
Black communities has been reported in NYC, particularly among the residents of zip codes
with a high proportion of lower socioeconomic/groups [37,38]. This is likely attributed to
a compounding effect of systemic racism such as a concentration of lower income, living
in a less affluent neighborhood with a higher poverty rate, under-resourced hospitals,
and a more crowded and congregated environment [37,39–41]. A NYC study reported
an observed disparity in COVID-19 positivity rate and number of licensed and ICU unit
hospital beds in the majority of non-Hispanic Black areas [39]. Although increased risk
of hospitalization in Black individuals has been reported in some studies [39–41], likely
driven by a higher prevalence of comorbidities [42], lower in-hospital COVID-19-specific
mortality has been observed in Black compared with White individuals in some high-
ranked NYC hospitals [40,43]. It is important to acknowledge that the overall outcomes
for non-Hispanic Black individuals were not necessarily less favorable than those for the
other groups once they were admitted to the hospital [40,42–45], indicating a racial gap in
accessing health care.

Previous studies reported that differential occupational exposure is one main con-
tributing factor to racial disparity in COVID-19 associated outcomes [46,47]. Non-Hispanic
Black residents, in addition to living in already resource-deprived neighborhoods, are



Int. J. Environ. Res. Public Health 2022, 19, 14348 9 of 13

more likely to work in industries that are not amenable to remote working, have less
ability to physically distance themselves from others in the workplace, and have more
frequent exposure to infections while at work compared to other racial groups [46,47]. Our
finding that the association between race and COVID-19 mortality was attenuated and
no longer statistically significant after adjusting for neighborhood proportion of essential
workers supports these previous literatures and may implicate that systemic and structural
inequality determine the choices of residence. The high proportion of non-Hispanic Black
living in areas with high proportion of essential workers may lead to the higher incidence
of COVID-19 infections among them [37], either from direct exposure to the virus itself
through work or indirect exposure from living in an environment where infectious agents
are concentrated, rendering them and those they live with disproportionately vulnerable to
SARS-CoV-2 exposure. Future studies accounting for this socioeconomic gap will further
delineate the impact of racial disparity in COVID-19-associated health outcomes.

4.5. Strength and Limitations

Our study is not without limitations. First, we could not discount the potential
misclassification of confirmed COVID-19-specific deaths in the early period of pandemic.
In early March 2020, only hospitalized COVID-19 cases were getting tested due to limited
testing availability, and reporting of probable COVID-19-specific deaths did not begin until
14 April 2020 [4]. It is possible that some early period COVID-19-confirmed deaths were
missed as physicians may not have acquired enough knowledge of the complete clinical
spectrum of COVID-19 and omitted it on the death certificate. However, our preliminary
findings are consistent with NYC mortality trends related to COVID-19 and the issue of
under-reporting likely results in underestimation of the association. Additionally, the
early definition of COVID-19 mortality might have over-estimated the actual number of
COVID-19-specific deaths by including incidental positive findings not associated with the
actual cause of death. Despite this drawback, a significant increase in COVID-19-specific
death that is comparable to the trend in NYC general population was observed among
the WTCHR enrollees, deeming the impact of this bias subtle. Our relatively short post-
pandemic follow-up period did not allow detection of any long-term secondary impact
of the pandemic on mortality outcomes. Due to the limited number of deaths, we had
to aggregate the data into a larger time unit (month vs. day), which resulted in fewer
data time points. However, we used the five years prior to the pandemic as our baseline
comparison group, and our approach of segmented time series is ideal for detecting any
short-term impact of an explanatory variable of interest. Although this method accounts for
factors temporally but not causally associated with death rates, we used multiple analytical
approaches including visualization to look at the COVID-19-specific mortality among our
sub-groups and the findings were similar. Another limitation is that we received the data
from NYC BVS in early 2021, which did not include external deaths in the later period
of 2020 that required investigation from the Office of Chief Medical Examiner. We also
did not have the data on number of people infected among our enrollees, which limits
our ability to evaluate the number of deaths relative to the number of people infected
with COVID-19. We were only able to examine the overall mortality to understand the
impact of COVID-19 pandemic on our enrollees. However, the reporting of all-cause excess
deaths might provide a better measure of the impact of the pandemic, since the counting
of confirmed and probable COVID-19 deaths might not include deaths among persons
with SARS-CoV-2 infection who did not access diagnostic testing, tested falsely negative,
or became infected after testing negative, died outside of a health care setting, or for whom
COVID-19 was not suspected by a health care provider as a cause of death. It also does
not include deaths that are not directly associated with SARS-CoV-2 infection [30]. In
addition, our information on pre-existing health conditions was based on self-report and
is not validated with clinical documentation. The true impact of existing chronic health
conditions might have been underestimated as we only used the last known data. However,
there has been a high level of agreement on co-morbidities with previous studies of the
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Registry, supporting the reliability of our findings. One strength of this study is that we
collected data on demographics and health status from follow-up surveys since enrolment
in 2003–2004, which enabled us to make causal inferences about COVID-19-specific deaths
in the 9/11 exposed population due to the nature of the study design. Lastly, it was
possible that other infectious agents were circulating during the overlapping 2019–2020
influenza season. We attempted to control for the long-term trend by including indicators
of monthly interval or fitting Fourier terms in our time series regression equation to address
for seasonality. However, we did not observe any differences from our main findings.

5. Conclusions

Among WTCHR enrollees, the COVID-19 pandemic led to a sharp rise in total deaths
in March–April 2020, which returned to baseline afterwards. Though deaths across all
NYC populations spiked more dramatically than among WTCHR enrollees at that time,
our results were consistent with the general population. COVID-19-specific deaths were
associated with being non-Hispanic Black and having at least one chronic health condition.
Moreover, the neighborhood proportion of essential workers was found to be a major
driver of the observed racial disparities in COVID-19-specific mortality. Structural racism
continues to exert an impact on health and mortality outcomes despite ongoing efforts to
reduce health inequity in vulnerable populations, and this disparity does not exclude those
who were exposed to the 9/11 disaster. Given our nation’s long-standing history of racial
disparity, continued public health policy to improve health outcomes in communities of
color and protect essential workers is crucial to mitigate COVID-19-specific mortality and
reduce health inequities.

Author Contributions: Conceptualization, J.Y., J.L., R.D.K. and J.E.C.; Data curation, J.Y., J.L. and
M.H.; Formal analysis, J.Y.; Methodology, J.Y., J.L. and R.D.K.; Software, J.Y.; Validation, J.Y.; Re-
sources, H.P., M.H. and M.R.F.; Writing—original draft preparation, J.Y.; Writing—review and editing,
J.Y., J.L., R.D.K., J.E.C., H.P., M.H. and M.R.F.; Visualization, J.Y., J.L. and R.D.K.; Supervision, J.L.
and J.E.C.; Project administration, J.Y., J.L., J.E.C. and M.R.F. All authors have read and agreed to the
published version of the manuscript.

Funding: This publication was supported by Cooperative Agreement Numbers 2U50/OH009739
and 5U50/OH009739 from the National Institute for Occupational Safety and Health (NIOSH) of
the Centers for Disease Control and Prevention (CDC); U50/ATU272750 from the Agency for Toxic
Substances and Disease Registry (ATSDR), CDC, which included support from the National Center for
Environmental Health, CDC; and by the New York City Department of Health and Mental Hygiene
(NYC DOHMH). Its contents are solely the responsibility of the authors and do not necessarily
represent the official views of NIOSH-CDC.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
(IRB) of the New York City Department of Health and Mental Hygiene. The Institutional Review
Boards of the Centers for Disease Control and Prevention approved the World Trade Center Health
Registry (WTCHR) study protocol.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: World Trade Center Health Registry Data may be made available
following review of applications to the Registry from external researchers. Mortality data may be
requested from NYC DOHMH Bureau of Vital Statistics. The data are not publicly available due to
privacy or ethical restrictions.

Acknowledgments: We thank Cristina Pollari for quality check of data analyses, and Elizabeth
Selkowe for providing fact-check and editorial suggestions. We also thank Gretchen Van Wye, Joseph
Kennedy, and Hiu Tai Chan for their support in matching and providing the mortality data.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2022, 19, 14348 11 of 13

References
1. Islam, N.; Shkolnikov, V.M.; Acosta, R.J.; Klimkin, I.; Kawachi, I.; Irizarry, R.A.; Alicandro, G.; Khunti, K.; Yates, T.; Jdanov, D.A.;

et al. Excess deaths associated with COVID-19 pandemic in 2020: Age and sex disaggregated time series analysis in 29 high
income countries. BMJ 2021, 373, n1137. [CrossRef] [PubMed]

2. Rivera, R.; Rosenbaum, J.E.; Quispe, W. Excess mortality in the United States during the first three months of the COVID-19
pandemic. Epidemiol. Infect. 2020, 148, e264. [CrossRef] [PubMed]

3. Vandoros, S. Excess mortality during the COVID-19 pandemic: Early evidence from England and Wales. Soc. Sci. Med. 2020,
258, 113101. [CrossRef]

4. Thompson, C.N.; Baumgartner, J.; Pichardo, C.; Toro, B.; Li, L.; Arciuolo, R.; Chan, P.Y.; Chen, J.; Culp, G.; Davidson, A.; et al.
COVID-19 Outbreak—New York City, February 29–June 1, 2020. MMWR. Morb. Mortal. Wkly. Rep. 2020, 69, 1725–1729. [CrossRef]

5. Cummings, M.J.; Baldwin, M.R.; Abrams, D.; Jacobson, S.D.; Meyer, B.J.; Balough, E.M.; Aaron, J.G.; Claassen, J.; Rabbani,
L.E.; Hastie, J.; et al. Epidemiology, clinical course, and outcomes of critically ill adults with COVID-19 in New York City: A
prospective cohort study. Lancet 2020, 395, 1763–1770. [CrossRef]

6. Ejaz, H.; Alsrhani, A.; Zafar, A.; Javed, H.; Junaid, K.; Abdalla, A.E.; Abosalif, K.O.; Ahmed, Z.; Younas, S. COVID-19 and
comorbidities: Deleterious impact on infected patients. J. Infect. Public Health 2020, 13, 1833–1839. [CrossRef]

7. Gupta, S.; Hayek, S.S.; Wang, W.; Chan, L.; Mathews, K.S.; Melamed, M.L.; Brenner, S.K.; Leonberg-Yoo, A.; Schenck, E.J.; Radbel,
J.; et al. Factors Associated with Death in Critically Ill Patients with Coronavirus Disease 2019 in the US. JAMA Intern. Med. 2020,
180, 1436–1447. [CrossRef]

8. Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; the Northwell COVID-19 Research
Consortium. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized with COVID-19 in the
New York City Area. JAMA 2020, 323, 2052–2059. [CrossRef]

9. John, A.; Pirkis, J.; Gunnell, D.; Appleby, L.; Morrissey, J. Trends in suicide during the covid-19 pandemic. BMJ 2020, 371, m4352.
[CrossRef]

10. Rajkumar, R.P. COVID-19 and mental health: A review of the existing literature. Asian J. Psychiatry 2020, 52, 102066. [CrossRef]
11. Gunnell, D.; Appleby, L.; Arensman, E.; Hawton, K.; John, A.; Kapur, N.; Khan, M.; O’Connor, R.C.; Pirkis, J.; Caine, E.D. Suicide

risk and prevention during the COVID-19 pandemic. Lancet Psychiatry 2020, 7, 468–471. [CrossRef]
12. Qin, P.; Mehlum, L. National observation of death by suicide in the first 3 months under COVID-19 pandemic. Acta Psychiatr.

Scand. 2021, 143, 92–93. [CrossRef] [PubMed]
13. Burnett, D.; Eapen, V.; Lin, P.I. Time Trends of the Public’s Attention Toward Suicide During the COVID-19 Pandemic: Ret-

rospective, Longitudinal Time-Series Study. JMIR Public Health Surveill. 2020, 6, e24694. [CrossRef]
14. Czeisler, M.; Marynak, K.; Clarke, K.E.; Salah, Z.; Shakya, I.; Thierry, J.M.; Ali, N.; McMillan, H.; Wiley, J.F.; Weaver, M.D.; et al.

Delay or Avoidance of Medical Care Because of COVID-19–Related Concerns—United States, June 2020. MMWR. Morb. Mortal.
Wkly. Rep. 2020, 69, 1250–1257. [CrossRef] [PubMed]

15. Ko, T.M.; Alper, H.E.; Brackbill, R.H.; Jacobson, M.H. Trajectories of psychological distress among individuals exposed to the
9/11 World Trade Center disaster. Psychol Med. 2021, 1–12. [CrossRef]

16. Jordan, H.T.; Osahan, S.; Li, J.; Stein, C.R.; Friedman, S.M.; Brackbill, R.M.; Cone, J.E.; Gwynn, C.; Mok, H.K.; Farfel, M.R.
Persistent mental and physical health impact of exposure to the 11 September 2001 World Trade Center terrorist attacks. Environ.
Health 2019, 18, 12. [CrossRef]

17. Wisnivesky, J.P.; Teitelbaum, S.L.; Todd, A.C.; Boffetta, P.; Crane, M.; Crowley, L.; de la Hoz, R.E.; Dellenbaugh, C.; Harrison, D.;
Herbert, R.; et al. Persistence of multiple illnesses in World Trade Center rescue and recovery workers: A cohort study. Lancet
2011, 378, 888–897. [CrossRef]

18. Brackbill, R.M.; Hadler, J.L.; DiGrande, L.; Ekenga, C.C.; Farfel, M.R.; Friedman, S.; Perlman, S.E.; Stellman, S.D.; Walker, D.J.; Wu,
D. Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack. JAMA
2009, 302, 502–516. [CrossRef]

19. Jordan, H.T.; Stein, C.R.; Li, J.; Cone, J.E.; Stayner, L.; Hadler, J.L.; Brackbill, R.M.; Farfel, M.R. Mortality among rescue and
recovery workers and com-munity members exposed to the 11 September 2001 World Trade Center terrorist attacks, 2003–2014.
Environ. Res. 2018, 163, 270–279. [CrossRef]

20. Giesinger, I.; Li, J.; Takemoto, E.; Cone, J.E.; Farfel, M.R.; Brackbill, R.M. Association Between Posttraumatic Stress Disorder and
Mortality Among Responders and Civilians Following the September 11, 2001, Disaster. JAMA Netw. Open 2020, 3, e1920476.
[CrossRef]

21. Farfel, M.; DiGrande, L.; Brackbill, R.; Prann, A.; Cone, J.; Friedman, S.; Walker, D.J.; Pezeshki, G.; Thomas, P.; Galea, S.; et al. An
overview of 9/11 experiences and respiratory and mental health conditions among World Trade Center Health Registry enrollees.
J. Urban Health 2008, 85, 880–909. [CrossRef] [PubMed]

22. Murphy, J.; Brackbill, R.M.; Thalji, L.; Dolan, M.; Pulliam, P.; Walker, D.J. Measuring and maximizing coverage in the World Trade
Center Health Registry. Stat. Med. 2007, 26, 1688–1701. [CrossRef] [PubMed]

23. Jordan, H.T.; Brackbill, R.M.; Cone, J.E.; Debchoudhury, I.; Farfel, M.R.; Greene, C.M.; Hadler, J.L.; Kennedy, J.; Li, J.; Liff, J.;
et al. Mortality among survivors of the Sept 11, 2001, World Trade Center disaster: Results from the World Trade Center Health
Registry cohort. Lancet 2011, 378, 879–887. [CrossRef]

http://doi.org/10.1136/bmj.n1137
http://www.ncbi.nlm.nih.gov/pubmed/34011491
http://doi.org/10.1017/S0950268820002617
http://www.ncbi.nlm.nih.gov/pubmed/33115546
http://doi.org/10.1016/j.socscimed.2020.113101
http://doi.org/10.15585/mmwr.mm6946a2
http://doi.org/10.1016/S0140-6736(20)31189-2
http://doi.org/10.1016/j.jiph.2020.07.014
http://doi.org/10.1001/jamainternmed.2020.3596
http://doi.org/10.1001/jama.2020.6775
http://doi.org/10.1136/bmj.m4352
http://doi.org/10.1016/j.ajp.2020.102066
http://doi.org/10.1016/S2215-0366(20)30171-1
http://doi.org/10.1111/acps.13246
http://www.ncbi.nlm.nih.gov/pubmed/33111325
http://doi.org/10.2196/24694
http://doi.org/10.15585/mmwr.mm6936a4
http://www.ncbi.nlm.nih.gov/pubmed/32915166
http://doi.org/10.1017/S0033291720004912
http://doi.org/10.1186/s12940-019-0449-7
http://doi.org/10.1016/S0140-6736(11)61180-X
http://doi.org/10.1001/jama.2009.1121
http://doi.org/10.1016/j.envres.2018.01.004
http://doi.org/10.1001/jamanetworkopen.2019.20476
http://doi.org/10.1007/s11524-008-9317-4
http://www.ncbi.nlm.nih.gov/pubmed/18785012
http://doi.org/10.1002/sim.2806
http://www.ncbi.nlm.nih.gov/pubmed/17285683
http://doi.org/10.1016/S0140-6736(11)60966-5


Int. J. Environ. Res. Public Health 2022, 19, 14348 12 of 13

24. Hawkins, D.; Davis, L.; Kriebel, D. COVID-19 deaths by occupation, Massachusetts, March 1–July 31, 2020. Am. J. Ind. Med. 2021,
64, 238–244. [CrossRef] [PubMed]

25. Bureau, U.C. 2019 American Community Survey’s 1-Year Estimate United States: United States Census Bureau. 2019 Cited 2022.
Available online: https://data.census.gov/cedsci (accessed on 3 September 2021).

26. American Academy of Family Physicians. Uniform Data System Mapping. Mapper, U. Zip Code to Zcta Crosswalk 2020 Cited
2022. Available online: https://udsmapper.org/zip-code-to-zcta-crosswalk/ (accessed on 10 September 2021).

27. Rogers, T.N.; Rogers, C.R.; VanSant-Webb, E.; Gu, L.Y.; Yan, B.; Qeadan, F. Racial Disparities in COVID-19 Mortality Among
Essential Workers in the United States. World Med. Health Policy 2020, 12, 311–327. [CrossRef] [PubMed]

28. National Center for Posttraumatic Stress Disorder. Using the PTSD Checklist for DSM-IV (PCL) VA: U.S. Department of Veterans
Affairs. 2019. Available online: https://www.ptsd.va.gov/professional/assessment/documents/PCL_handoutDSM4.pdf
(accessed on 15 March 2021).

29. Weathers, F.; Litz, B.; Herman, D.; Huska, J.A.; Keane, T. The PTSD Checklist (PCL): Reliability, Validity, and Diagnostic
Utility. Paper Presented at the Annual Convention of the International Society for Traumatic Stress Studies. 1993. Available
online: https://www.researchgate.net/publication/291448760_The_PTSD_Checklist_PCL_Reliability_validity_and_diagnostic_
utility/link/57c7125408ae28c01d4f7e70/download (accessed on 5 April 2021).

30. New York City Department of Health and Mental Hygiene (DOHMH) COVID-19 Response Team; Olson, D.R.; Huynh, M.;
Fine, A.; Baumgartner, J.; Castro, A.; Chan, H.T.; Daskalakis, D.; DeVinney, K.; Guerra, K.; et al. Preliminary Estimate of Excess
Mortality During the COVID-19 Outbreak—New York City, March 11–May 2, 2020. MMWR. Morb. Mortal. Wkly. Rep. 2020, 69,
603–605. [CrossRef]

31. Dasaro, C.R.; Holden, W.L.; Berman, K.D.; Crane, M.A.; Kaplan, J.R.; Lucchini, R.G.; Luft, B.J.; Moline, J.M.; Teitelbaum, S.L.;
Tirunagari, U.S.; et al. Cohort Profile: World Trade Center Health Program General Responder Cohort. Int. J. Epidemiol. 2017, 46, e9.
[CrossRef]

32. Moline, J.M.; Herbert, R.; Levin, S.; Stein, D.; Luft, B.J.; Udasin, I.G.; Landrigan, P.J. WTC medical monitoring and treatment
program: Comprehensive health care response in aftermath of disaster. Mt. Sinai J. Med. A J. Transl. Pers. Med. 2008, 75, 67–75.
[CrossRef]

33. Welch, A.E.; Debchoudhury, I.; Jordan, H.T.; Petrsoric, L.J.; Farfel, M.R.; Cone, J.E. Translating research into action: An evaluation
of the World Trade Center Health Registry’s Treatment Referral Program. Disaster Health 2014, 2, 97–105. [CrossRef]

34. U.S. Census Bureau. 2000 Census of Population and Housing, Summary Social, Economic, and Housing Characteristics, PHC-2-1, United
States Summary; United States Department of Commerce: Washington, DC, USA, 2003.

35. Miller-Archie, S.A.; Izmirly, P.M.; Berman, J.R.; Brite, J.; Walker, D.J.; Dasilva, R.C.; Petrsoric, L.J.; Cone, J.E. Systemic Autoimmune
Disease Among Adults Exposed to the September 11, 2001 Terrorist Attack. Arthritis Rheumatol. 2020, 72, 849–859. [CrossRef]

36. Li, J.; Yung, J.; Qiao, B.; Takemoto, E.; Goldfarb, D.G.; Zeig-Owens, R.; Cone, J.E.; Brackbill, R.M.; Farfel, M.R.; Kahn, A.R.; et al.
Cancer Incidence in World Trade Center Rescue and Recovery Workers: 14 Years of Follow-Up. JNCI J. Natl. Cancer Inst. 2022,
114, 210–219. [CrossRef] [PubMed]

37. Do, D.P.; Frank, R. Unequal burdens: Assessing the determinants of elevated COVID-19 case and death rates in New York City’s
racial/ethnic minority neighbourhoods. J. Epidemiol. Community Health 2021, 75, 321–326. [CrossRef] [PubMed]

38. Cordes, J.; Castro, M.C. Spatial analysis of COVID-19 clusters and contextual factors in New York City. Spat. Spatio-Temporal
Epidemiol. 2020, 34, 100355. [CrossRef] [PubMed]

39. Douglas, J.A.; Subica, A.M. COVID-19 treatment resource disparities and social disadvantage in New York City. Prev. Med. 2020,
141, 106282. [CrossRef] [PubMed]

40. Ogedegbe, G.; Ravenell, J.; Adhikari, S.; Butler, M.; Cook, T.; Francois, F.; Iturrate, E.; Jean-Louis, G.; Jones, S.A.; Onakomaiya, D.;
et al. Assessment of Racial/Ethnic Disparities in Hos-pitalization and Mortality in Patients With COVID-19 in New York City.
JAMA Netw. Open 2020, 3, e2026881. [CrossRef]

41. Artiga, S.; Garfield, R.; Orgera, K. Communities of Color at Higher Risk for Health and Economic Challenges due to COVID-19.
Kaiser Family Foundation April 2020. Available online: https://www.kff.org/coronavirus-covid-19/issue-brief/communities-
of-color-at-higher-risk-for-health-and-economic-challenges-due-to-covid-19 (accessed on 4 January 2022).

42. Kalyanaraman Marcello, R.; Dolle, J.; Grami, S.; Adule, R.; Li, Z.; Tatem, K.; Anyaogu, C.; Apfelroth, S.; Ayinla, R.; Boma, N.; et al.
Characteristics and outcomes of COVID-19 patients in New York City’s public hospital system. PLoS ONE 2020, 15, e0243027.
[CrossRef]

43. Mikami, T.; Miyashita, H.; Yamada, T.; Harrington, M.; Steinberg, D.; Dunn, A.; Siau, E. Risk Factors for Mortality in Patients with
COVID-19 in New York City. J. Gen. Intern. Med. 2021, 36, 17–26. [CrossRef]

44. Renelus, B.D.; Khoury, N.C.; Chandrasekaran, K.; Bekele, E.; Briggs, W.M.; Ivanov, A.; Mohanty, S.R.; Jamorabo, D.S. Racial
Disparities in COVID-19 Hospitalization and In-hospital Mortality at the Height of the New York City Pandemic. J. Racial Ethn.
Health Disparities 2021, 8, 1161–1167. [CrossRef]

45. Golestaneh, L.; Neugarten, J.; Fisher, M.; Billett, H.H.; Gil, M.R.; Johns, T.; Yunes, M.; Mokrzycki, M.H.; Coco, M.; Norris, K.C.;
et al. The association of race and COVID-19 mortality. eClinicalMedicine 2020, 25, 100455. [CrossRef]

http://doi.org/10.1002/ajim.23227
http://www.ncbi.nlm.nih.gov/pubmed/33522627
https://data.census.gov/cedsci
https://udsmapper.org/zip-code-to-zcta-crosswalk/
http://doi.org/10.1002/wmh3.358
http://www.ncbi.nlm.nih.gov/pubmed/32837779
https://www.ptsd.va.gov/professional/assessment/documents/PCL_handoutDSM4.pdf
https://www.researchgate.net/publication/291448760_The_PTSD_Checklist_PCL_Reliability_validity_and_diagnostic_utility/link/57c7125408ae28c01d4f7e70/download
https://www.researchgate.net/publication/291448760_The_PTSD_Checklist_PCL_Reliability_validity_and_diagnostic_utility/link/57c7125408ae28c01d4f7e70/download
http://doi.org/10.15585/mmwr.mm6919e5
http://doi.org/10.1093/ije/dyv099
http://doi.org/10.1002/msj.20022
http://doi.org/10.4161/dish.28219
http://doi.org/10.1002/art.41175
http://doi.org/10.1093/jnci/djab165
http://www.ncbi.nlm.nih.gov/pubmed/34498043
http://doi.org/10.1136/jech-2020-215280
http://www.ncbi.nlm.nih.gov/pubmed/33122256
http://doi.org/10.1016/j.sste.2020.100355
http://www.ncbi.nlm.nih.gov/pubmed/32807400
http://doi.org/10.1016/j.ypmed.2020.106282
http://www.ncbi.nlm.nih.gov/pubmed/33035550
http://doi.org/10.1001/jamanetworkopen.2020.26881
https://www.kff.org/coronavirus-covid-19/issue-brief/communities-of-color-at-higher-risk-for-health-and-economic-challenges-due-to-covid-19
https://www.kff.org/coronavirus-covid-19/issue-brief/communities-of-color-at-higher-risk-for-health-and-economic-challenges-due-to-covid-19
http://doi.org/10.1371/journal.pone.0243027
http://doi.org/10.1007/s11606-020-05983-z
http://doi.org/10.1007/s40615-020-00872-x
http://doi.org/10.1016/j.eclinm.2020.100455


Int. J. Environ. Res. Public Health 2022, 19, 14348 13 of 13

46. Hawkins, D. Differential occupational risk for COVID-19 and other infection exposure according to race and ethnicity. Am. J. Ind.
Med. 2020, 63, 817–820. [CrossRef]

47. Asfaw, A. Racial Disparity in Potential Occupational Exposure to COVID-19. J. Racial Ethn. Health Disparities 2022, 9, 1726–1739.
[CrossRef] [PubMed]

http://doi.org/10.1002/ajim.23145
http://doi.org/10.1007/s40615-021-01110-8
http://www.ncbi.nlm.nih.gov/pubmed/34351611

	Introduction 
	Materials and Methods 
	Data Sources and Study Population 
	Ascertainment of Death 
	Predictive Variables 
	Statistical Analyses 

	Results 
	Discussion 
	Main Findings 
	Excess Mortality 
	Pre-Existing Chronic Health Conditions 
	Racial Disparity 
	Strength and Limitations 

	Conclusions 
	References

