
Influenza and Pneumonia Mortality Across the 30 Biggest U.S. Cities:
Assessment of Overall Trends and Racial Inequities

Julia F. Lippert1 & Joanna Buscemi2 & Nazia Saiyed3
& Abigail Silva4 & Maureen R. Benjamins3

Received: 15 January 2021 /Revised: 7 May 2021 /Accepted: 10 May 2021
# W. Montague Cobb-NMA Health Institute 2021

Abstract
Influenza and pneumonia account for substantial morbidity in the United States and show a demonstrated racial inequity.
Detailed race-specific analysis at the city level can be used to guide targeted prevention efforts within the most at-risk commu-
nities. The purpose of this study is to analyze city-level data of influenza/pneumonia mortality rates and racial disparities across
the 30 biggest U.S. cities over time. We assess racial inequities in influenza/pneumonia mortality in the 30 biggest cities and
compare city-level trends overtime through age-adjusted overall and race-specific mortality rates calculated from public death
records for the years 2008–2017. The national influenza/pneumonia mortality rate significantly decreased as did 45% of the cities
included in the study. Nationally, the Black mortality rate was 16% higher than White mortality rate, and a significant disparity
was seen within about one-third of the biggest cities. Over half (56%) of the cities showed reductions in both Black and White
mortality; however, there was no overall trend in racial equity with some cities reducing the inequities between the Blacks and
Whites and others increasing the inequities. Elevated mortality rates in communities of color can be traced to structural racism,
social factors, and access to treatment and prevention services. We recommend an approach utilizing community outreach
administered through localized public health organizations and supported by data at the city level.
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Background

Together influenza and pneumonia account for substantial
morbidity in the United States and are consistently within
the top ten leading causes of death. In 2019, there were 39
million cases of influenza leading to 26 million medical visits,
740,000 hospitalizations, and 62,000 deaths [1]. Pneumonia
leads to more than 1.3 million emergency room visits and
approximately 50,000 deaths annually [1, 2]. Overall, these
two conditions cost the United States $34.7 billion in

outpatient visits, hospitalizations, and mortality each year for
adults older than 65 years old alone [3].

Age-adjusted mortality rate from influenza and pneumonia
has decreased 36% between 1999 and 2010 [4]. This reduc-
tion is attributed in part to targeting high risk populations for
flu vaccine use and increases in vaccination rates over time,
particularly in adults aged 65 and over [3]. Although flu vac-
cinations are the most effective way of preventing influenza
and subsequently pneumonia disease and mortality, vaccina-
tion rates vary greatly [5, 6]. In particular, vaccination rates are
lower in communities of color [7–9]. Furthermore, people of
color are between 1.3 and 23 times more likely thanWhites to
have the underlying conditions that are associated with severe
influenza infections and thus experience disproportionately
high rates of poor health outcomes and mortality [10].

The local level trends in influenza and pneumonia mortal-
ity are more difficult to discern through available national and
state-level data and would be made more apparent through
city level data. The Centers for Disease Control and
Prevention maintained a voluntary reporting system of
influenza/pneumonia mortality rates for 122 cities until 2016
when the system was retired and replaced with the National
Center for Health Statistics (NCHS) surveillance system [11].
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This data, although valuable in tracking the age distribution
and mortality changes across cities over time, did not provide
information on race to assess potential disparities. The NCHS
system does provide race and ethnicity data but at the state and
national levels [12].

It has been suggested that the use of more readily available
county level data is not an appropriate proxy and that pro-
grams operating on the city level should be informed by city
level data [13]. City-level surveillance systems are more ef-
fective at reporting timely influenza/pneumonia mortality data
which can be used during outbreaks and provide practical
applications for the development of public health measures
[14]. Electronic medical claims data offers another source of
city-level data on influenza; however, often are unable to pro-
vide race-specific rates [15]. Finally, working with the city as
the unit of analysis and race-specific rates at the city level
allows for a clear connection to policy that targets the most
at risk populations and the structural determinants of health
such as race and could help guide policies to address structural
racism and health disparities [16].

The objective of this study is to address this gap in detailed
city-level data that provides a measure of equity through race-
specific rates by analyzing influenza/pneumonia mortality
rates across the 30 biggest U.S. cities over two time periods:
2008–2012 and 2013–2017. We assess racial inequities in
influenza/pneumonia mortality in these cities and compare
city-level trends in mortality rates and inequities over time.
These data can ultimately inform city-level opportunities to
address influenza/pneumonia mortality and health inequities.

Methodology

Study Population

The 30 most populous cities were identified using 2013 U.S.
Census Bureau data. County data was reported for the three
cases in which the city and county governments had formed a
consolidated city including Louisville/Jefferson County, KY,
Nashville/Davidson County, TN, and Indianapolis/Marion
County, IN. Data for Las Vegas has been removed from the
results due to concerns related to unreliable death certificate
data; specifically, deaths among some individuals who resided
in unincorporated areas may have been misclassified as Las
Vegas deaths. Mortality data was obtained from the National
Vital Statistics System (NVSS) of the National Center for
Health Statistics (NCHS). Mortality from these diseases
is combined in the International Statistical Classification
of Diseases and reported on death records. We used
race-specific influenza/pneumonia mortality data for the
years 2008–2017 at the national and city level and ICD-
10 codes: J08-J19.

Study Measures

Age-adjusted overall and race-specific mortality rates were
calculated for the United States and the 29 most populous
cities. Five-year age-adjusted rates per 100,000 population
were calculated using the year 2000 standard U.S. population.
Five-year estimates were used to ensure sufficient deaths per
city. If a population had less than 20 deaths from influenza/
pneumonia for the overall, White, or Black population, it was
excluded from the relevant analysis as the rates would be
deemed unreliable [17]. Population data used as denominator
data to calculate mortality rates was taken from the American
Community Survey (ACS) 5-year estimates at the midpoint of
the two time periods with 2010 population used in the time
period from 2008-2012, known hereafter as T1, and 2015
population used in the time period from 2013-2017, known
hereafter as T2.

Non-Hispanic Blacks are included within the Black popu-
lation in the early ACS reports and race specific data is only
available in the decennial census data. Therefore, we used the
age-specific proportion of the Black population who was non-
Hispanic from the 2010 U.S. Census to estimate the non-
Hispanic Black population from the ACS data. Non-
Hispanic White and all race population estimates were taken
directly from the ACS, and these were used along with
the non-Hispanic Black estimates to calculate race-
specific mortality data. These population estimates were
multiplied by five to estimate the population across the
5-year time periods of T1 and T2.

Health inequities between the Black andWhite populations
were measured by the relative difference between mortality
rates. Specifically, the inequity was calculated as a rate ratio of
the Black mortality rate divided by the White rate.

Statistical Analysis

Confidence intervals were calculated for the race-specific
mortality rates and Black:White rate ratios. To assess change
in disparities over time, the percent difference in Black:White
mortality rates at T1 and T2were calculated and then a Z score
was computed for the relative percent difference using the
method described by Keppel et al [18]. The Z scores for
race-specific percent difference from T1 to T2 were calculated
to assess race-specific trends over time. Z-scores with an ab-
solute value of 1.96 or greater were considered statistically
significant at the 0.05 level. All analyses were conducted
using SAS 9.4. Data were collected and synthesized,
statistical analysis was performed, and results were ob-
tained in 2020. This study was reviewed by the Sinai
Health System Institutional Review Board (MSH #18-
40) and did not require full review because it uses pub-
licly available, deidentified data.
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Results

The influenza/pneumonia mortality rate (per 100,000 persons)
in the U.S. was 16.6 in T1 and 15.5 in T2 showing a signifi-
cant downward trend (Table 1). At both T1 and T2, New
York, NY had the highest influenza/pneumonia mortality rate
overall with 29.1 and 24.7 deaths per 100,000 persons, respec-
tively. Seattle, WA had the lowest mortality rate at T1 with
10.4 deaths per 100,000 persons and El Paso, TX had the
lowest mortality rate at T2 with 9.3 deaths per 100,000 per-
sons. There were 13 cities with a statistically significant de-
crease in influenza/pneumonia mortality rates from T1 to T2

and no cities that experienced a statistically significant in-
crease in influenza/pneumonia mortality rates between T1
and T2. There was a significant Black:White disparity nation-
ally at both T1 (RR=1.16; CI95%: 1.15–1.18) and T2
(RR=1.14; CI95%: 1.12–1.15). This disparity significantly de-
creased from T1 to T2 (p<0.05).

At the city level, the Black:White disparity was statistically
significant in 10 cities during T1 and 9 during T2 (Fig. 1). In
addition, the Black mortality rate in T2 was actually lower
than the White rate (RR=0.65; CI95%: 0.50–0.86) for the city
of Boston. The city with the highest Black:White disparity
was Washington, DC during both T1 (RR=1.73; CI95%:

Table 1 Influenza/pneumonia mortality and disparity data including time trends

2008–2012 (T1) 2013–2017 (T2) Change in
total rate
(T1–T2)a

Change in
disparity
(T1–T2)bCity, state Total rate Black rate White rate Rate ratio Total rate Black rate White rate Rate ratio

United States 16.55 19.02 16.33 1.16 15.49 17.53 15.44 1.14 * *

Austin, TX 10.84 9.34 11.07 0.84 11.45 10.31 11.46 0.90

Baltimore, MD 23.13 22.57 24.73 0.91 22.31 21.71 24.31 0.89

Boston, MA 16.26 13.77 18.82 0.73 13.28 10.45 16.00 0.65 *

Charlotte, NC 14.88 15.06 15.19 0.99 15.49 18.26 14.47 1.26

Chicago, IL 20.58 23.81 19.47 1.22 17.51 20.25 17.17 1.18 *

Columbus, OH 21.15 16.79 22.82 0.74 20.32 22.06 20.58 1.07 *

Dallas, TX 13.84 16.22 12.44 1.30 13.74 17.26 12.24 1.41

Denver, CO 16.19 15.22 15.44 0.99 12.54 16.97 12.08 1.40 *

Detroit, MI 18.65 19.07 18.63 1.02 20.08 20.56 18.67 1.10

El Paso, TX 10.42 7.93 11.35 0.70 9.28 – 10.36 –

Fort Worth, TX 16.35 16.02 16.40 0.98 13.00 14.68 12.79 1.15 *

Houston, TX 16.73 21.00 14.55 1.44 16.39 20.00 14.22 1.41

Indianapolis, IN 16.03 13.77 16.70 0.82 12.57 13.38 14.57 0.92 *

Jacksonville, FL 18.84 21.90 18.46 1.19 16.99 20.03 17.07 1.17

Los Angeles, CA 25.17 38.79 23.25 1.67 22.47 30.78 20.95 1.47 * *

Louisville, KY 16.95 18.28 17.02 1.07 17.49 24.20 22.68 1.07

Memphis, TN 20.13 22.93 17.54 1.31 19.62 20.35 19.36 1.05

Nashville, TN 15.97 15.15 16.58 0.91 16.63 18.54 17.39 1.07

New York, NY 29.05 31.43 27.80 1.13 24.68 27.40 23.11 1.19 *

Oklahoma City, OK 17.60 12.04 18.76 0.64 11.68 15.22 11.17 1.36 * *

Philadelphia, PA 15.29 16.08 15.45 1.04 14.67 13.79 15.28 0.90

Phoenix, AZ 12.46 16.57 11.58 1.43 9.70 10.93 9.47 1.15 *

Portland, OR 11.84 8.34 12.17 0.69 12.26 18.48 12.10 1.53 *

San Antonio, TX 14.83 23.56 14.59 1.61 12.27 13.16 12.71 1.04 * *

San Diego, CA 10.95 11.46 10.53 1.09 10.56 11.51 10.27 1.12

San Francisco, CA 17.13 23.80 17.26 1.38 12.03 16.22 11.87 1.37 *

San Jose, CA 17.39 16.43 18.85 0.87 12.42 21.25 13.54 1.57 *

Seattle, WA 10.38 13.13 9.67 1.36 9.57 10.85 9.27 1.17

Washington, DC 13.99 16.84 9.73 1.73 12.97 15.14 9.59 1.58

a Significant at p<0.05 based on Z scores for change in total mortality rate between time periods
b Significant at p<0.05 based on Z scores for change in relative percent difference between time periods

Bolded rate ratios are significant at p<0.05 based on a 95% confidence interval in total rate ratio between Black and White
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1.36, 2.20) and T2 (RR=1.58; CI95%: 1.24, 2.01).
Columbus, OH had the lowest disparity during T1
(RR=0.74; CI95%: 0.60, 0.91) and Boston, MA during
T2 (RR=0.65; CI95%: 0.50, 0.86).

Between T1 and T2, there was no overall trend upwards or
downwards in racial equity with some cities reducing the dis-
parities between the Blacks and Whites and others increasing
the disparities as seen in Fig. 2. Nationally, the racial disparity
in influenza/pneumonia mortality decreased significantly but
only slightly from 1.16 to 1.14. There were only five cities that
had significant changes in the Black:White rate ratios from T1
to T2. Three cities went from higher rates in Whites to higher
rates in Blacks: Columbus, OH increased in disparity from
0.74 to 1.07, Oklahoma City, OK increased from 0.64 to
1.36, and Portland, OR increased from 0.69 to 1.53. Los
Angeles, CA and San Antonio, TX significantly lessened the
disparity from a Black:White rate ratio of 1.67 to 1.34 and
from 1.61 to 1.04, respectively.

To facilitate an assessment of race-specific improvement
over time, cities were plotted according to the percent change
in Black and White influenza/pneumonia mortality rates from
T1 to T2 as seen in Fig. 3. The horizontal dotted line demarks
no change with markers falling to the left of the line indicating
a negative change in percentage or decreasing mortality and
those to the right of the line indicating a positive change or
increasing mortality. The line connecting the Black andWhite
markers for each city indicates the gap between the race-

specific changes. Cities are displayed according to the size
of this gap. Three cities (San Jose, CA, El Paso, TX, and
Portland, OR) were included but did not have Black mortality
data in time T1 and thus change in percentage was
unavailable.

The figure shows that in the U.S., both Black and White
mortality rates have decreased and the gap between Black and
White mortality percent decrease is relatively small. Over half,
or 15 cities showed reductions in both Black and White mor-
tality. Four cities showed increased mortality among both
Blacks and Whites including Louisville, KY, Austin, TX,
Detroit, MI, and Nashville, TN. Five cities had increasing
rates in Black mortality but decreasing White mortality,
the largest gap in Oklahoma City, OK. Memphis, TN
showed the opposite trend with decreased Black mortal-
ity and increased White mortality and an improvement
gap that favored Blacks of 22%.

Discussion

Although influenza/pneumonia mortality rates are trending
downward over time, city-level analyses reveal a persistent
Black:White inequity in these rates. Specifically, we found a
significant decrease (p<0.05) in influenza/pneumonia mortal-
ity nationally and in about half of the most populous cities.
Nationally, the Black mortality rate was 16% higher than

Fig. 1 Influenza/pneumonia
mortality rate Black:White ratios
in 2013–2017 (T2)
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White mortality rate in 2013–2017 and a significant disparity
was seen within about one-third of the biggest cities. This
Black:White disparity is generally improving over time, but
not in all cities. More than half of the cities had Black:White
disparity above the national level. Finally, although many cit-
ies are moving toward improved mortality rates and decreased
racial disparities, there are many big cities that would benefit
from targeted interventions to address higher than average
influenza/pneumonia mortality inequity.

A long, but quickly growing, body of evidence reveals that
elevated mortality rates in communities of color can be traced
to structural racism [19–21]. Structural racism can be de-
scribed as the historical and current day laws, practices, insti-
tutions, and norms that create and maintain inequities [22]. In
recognition of the role of racism in perpetuating social and
health inequities, over twenty cities and counties such as Los
Angeles, CA, Chicago, IL, Denver, CO, and Memphis, TN
have declared racism to be a public health crisis and call for
racial equity and justice in the distribution of resources to
alleviate this uneven burden [23]. Given the historical context
of racial inequalities in the United States, it is not surprising
that the disparity within influenza/pneumonia mortality rates
has persisted over time. For example, during the 1918 influ-
enza pandemic, Blacks experienced excess deaths, higher mo-
rality, and higher case fatality rates than Whites [24, 25].

Although the current study focused on specifically on
documenting racial inequities in influenza/pneumonia

mortality rates, it is important to discuss the social factors
reported in the literature that could be contributing to these
mortality disparities. In particular, inequities in structural fac-
tors such as access to health care services, lack of workplace
benefits and paid sick leave, neighborhood disadvantage,
crowded housing, and socioeconomic status all are related to
influenza/pneumonia mortality rates [26–29]. Perhaps most
importantly, studies document racial differences in access to
treatment and prevention services. Mortality rates from pneu-
monia were higher for Black patients than White patients
treated in the same hospital because of a difference in treat-
ment options such as receiving antibiotics and oxygenation
within the recommended time [30]. The National Health
Interview Survey showed that Black and Hispanic respon-
dents were vaccinated at lower rates with 39% of Black re-
spondents, 37% of Hispanic respondents, and 48% of White
respondents receiving the influenza vaccination [31]. This dif-
ference has been linked to risk perception with significant
differences reported between howWhites and Blacks perceive
the risk associated with vaccinations and to providers failing
to offer vaccinations to minority patients. This difference is
also attributed to a distrust of the medical community with
Black communities and the belief that vaccines have side ef-
fects [32–36]. More specifically, a study in Chicago, IL found
that confidence and trust in a provider had the strongest impact
on the likelihood of getting a vaccination in Blacks and high
trust resulted in a 25% increase in the likelihood [37].

Fig. 2 Change in rate ratios from 2008–2012 (T1) to 2013–2017 (T2)
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The city-level differences in mortality and inequity seen
here may be explained by the underlying social determinants
of health. This then indicates the need for a solutions based
approach that addresses systemic racism and risk perceptions
which can work to reduce disparity in large urban settings
[38]. For example, one study highlighted striking
Black:White disparities in breast cancer mortality at the city
level [39]. These data led to the creation of the Metropolitan
Chicago Breast Cancer Task Force which developed a
targeted response to the disparity in breast cancer mortality
and resulted in a lowering of the mortality rates within Black
women in Chicago [40]. City programs have also been suc-
cessful in reducing influenza/pneumonia mortality over time.
Delivery of medical interventions and vaccinations through
city-level services such as health centers can reduce the racial
disparity in vaccination rates and influenza-attributable mor-
tality [41, 42]. The Metro Health Immunization Program in
San Antonio, TX and the Immunization Coalition of Los

Angeles, CA are two such programs focused on improving
vaccination rates and limiting the spread of disease within
populations that are most at risk for under-immunization.
The success of this programing relies on the use of disparity
data and the mobilization of city-level resources [43, 44].
Interventions to combat influenza/pneumonia mortality and
the associated racial disparities should focus on increasing
vaccination distribution programming and decreasing barriers
to vaccinations.

However, vaccine hesitancy is on the rise and will impact
our ability to face current and future pandemics. The COVID-
19 pandemic shares many of the same characteristics as
influenza/pneumonia mortality. In preliminary data, Blacks
are 2.57 more likely to die from COVID-19 than Whites
[45]. The higher Black mortality rates from COVID-19 are
similar to influenza/pneumonia mortality patterns, with social
and structural underlying causes contributing to higher disease
rates and differential access to and quality of care for people of

Fig. 3 Percent change in Black
and White influenza and
pneumonia mortality rates
between T1 (2008–2012) and T2
(2013–2017)
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color [46, 47]. Long-term efforts to combat COVID-19 are
predicated on the development and distribution of an effective
vaccine. As with influenza, vaccination hesitancy could com-
plicate the public health response [48]. Recent polling showed
that 49% of Black respondents agreed with the statement that
‘the dangers of vaccines are being hidden by the medical
establishment’ compared to 25% of White respondents and
42% of Black respondents thought that COVID-19 ‘is being
used to force a dangerous and unnecessary vaccine on
Americans’ as compared to 22% of White respondents [49].
This along with the aforementioned structural impediments to
vaccine distribution and infectious disease control will reduce
the effectiveness of efforts to address the COVID-19 pandem-
ic. We recommend an approach similar to the successful cam-
paigns that have reduced influenza/pneumonia mortality and
racial disparities with community outreach administered
through localized public health organizations and supported
by data at the city level.

Limitations

There are several limitations to this study. For one, although
there are multiple etiologies for influenza and pneumonia,
mortality from both are combined under one code in the
International Statistical Classification of Diseases. This may
cause discrepancies between the provisional and final death
counts which, although unwarranted, has called into question
the validity of the influenza/pneumonia mortality surveillance
data [50]. This is, however, the best available data, and thus
we have provided the most accurate analysis possible. It is
also important to note that there is a systematic under-
detection of influenza due to differential testing requirements
as older individuals are often not tested [51]. Another limita-
tion is that our data were analyzed in aggregate 5-year periods
due to the relatively low number of influenza/pneumonia
deaths in each city. Although a year-to-year analysis would
have been more informative, our analysis including the racial
disparity would not have been possible for all years and in all
cities. In the future, pooled time-series data is suggested to
obtain annual mortality estimates.

This study focused on mortality difference between Blacks
and Whites although disparities exist within other racial
groups. We focused specifically on Black:White inequities
given that the level of disparity between these two racial pop-
ulations is among the highest and the small number of deaths
within different subpopulations would have limited our anal-
ysis as we were unable to fully analyze inequities in other
groups. In addition, we chose to analyze only race as a social
determinant of health. This intentional focus was done to
highlight the racial disparities within infectious disease.
This, however, limits the scope of our findings to racial dis-
parities and excludes discussion of other underlying contrib-
uting factors such as socioeconomic factors. Future research

should focus on influenza and pneumonia mortality inequities
among other racial or ethnic groups, particularly across cities
with large Hispanic or Asian populations. Finally, we recog-
nize that there are numerous ways to quantify inequities [52].
We examined both rate ratios (a relative measure) and rate
differences (an absolute measure), but only included rate ra-
tios because the trends were so similar.

Conclusion

Influenza/pneumonia mortality is a leading cause of death in
the United States and shows persistent racial disparities in the
biggest cities. Despite improvements, when examined at the
city level, it is clear that efforts to reduce mortality rates and
disparities in mortality rates have not been universally suc-
cessful across these cities. These findings point to the need
for city-level policies and programs that increase access to
vaccinations and an equitable approach to addressing
influenza/pneumonia mortality.
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