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Abstract

Objectives: Death certificate data indicate that the age-adjusted death rate for pneumonia and influenza is higher in New
York City than in the United States. Most pneumonia and influenza deaths are attributed to pneumonia rather than influenza.
Because most pneumonia deaths occur in hospitals, we analyzed hospital discharge data to provide insight into the burden of
pneumonia in New York City.

Methods: We analyzed data for New York City residents discharged from New York State hospitals with a principal diagnosis
of pneumonia, or a secondary diagnosis of pneumonia if the principal diagnosis was respiratory failure or sepsis, during 2001-
2014. We calculated mean annual age-adjusted pneumonia-associated hospitalization rates per 100000 population and 95%
confidence intervals (CIs). We examined data on pneumonia-associated hospitalizations by sociodemographic characteristics
and colisted conditions.

Results: During 2001-2014, a total of 495 225 patients residing in New York City were hospitalized for pneumonia, corre-
sponding to a mean annual age-adjusted pneumonia-associated hospitalization rate of 433.8 per 100 000 population (95% CI,
429.3-438.3). The proportion of pneumonia-associated hospitalizations with in-hospital death was 12.0%. The mean annual
age-adjusted pneumonia-associated hospitalization rate per 100 000 population increased as area-based poverty level
increased, whereas the percentage of pneumonia-associated hospitalizations with in-hospital deaths decreased with increasing
area-based poverty level. The proportion of pneumonia-associated hospitalizations that colisted an immunocompromising
condition increased from 18.7% in 2001 to 33.1% in 2014.

Conclusion: Sociodemographic factors and immune status appear to play a role in the epidemiology of pneumonia-associated
hospitalizations in New York City. Further study of pneumonia-associated hospitalizations in at-risk populations may lead to
targeted interventions.
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Pneumonia is an acute respiratory illness with numerous

infectious etiologies.1-3 Influenza virus is among the most

important contributors to pneumonia, through primary

pulmonary infection and secondary bacterial infection.4

During 2001-2014, pneumonia and influenza ranked as

the seventh- to ninth-leading cause of death in the United

States.5-8 In contrast, during this same period, pneumonia

and influenza ranked as the third-leading cause of death in

New York City.9,10 Furthermore, in 2014, the annual age-

adjusted death rate for pneumonia and influenza was 15.1 per

100 000 population in the United States and 25.0 per 100 000

population in New York City.5,9 Most deaths for which pneu-

monia and influenza are listed on the death certificate in both

the United States and New York City indicate pneumonia
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rather than influenza as the underlying cause of death,

although the precipitating event of pneumonia deaths may

have been influenza.11,12

The discrepancies between data in the United States and

data in New York City in cause-of-death ranking and death

rate for pneumonia are not well understood. One possibility

for this discrepancy is the existence of artifacts, such as

differences in cause-of-death reporting by physicians.13,14

However, we are not aware of data indicating that physicians

in New York City are systematically more likely to code

pneumonia as an underlying cause of death or are more prone

to erroneous death certificate completion than physicians

elsewhere in the United States.

Because most pneumonia deaths in New York City occur

in hospitals, analyzing hospital discharge data can provide

insights into the burden of pneumonia in New York City,

including preventable factors associated with poor outcomes.

The objective of our study was to examine the burden of

pneumonia-associated hospitalizations in New York City to

better understand the potential causes of the high death rate

for pneumonia in New York City.

Methods

Data Source and Study Population

We analyzed hospital discharge data for New York City

residents who were hospitalized during 2001-2014 at

acute-care facilities in New York State by using the follow-

ing data sets from the Statewide Planning and Research

Cooperative System (SPARCS): SPARCS_MHYEPI 0714

for 2001-2009, SPARCS_MHYEPI 0615 for 2010, and

SPARCS_MHYEPI_201703 for 2011-2014. SPARCS is a

comprehensive all-payer data reporting system that collects

discharge data from all hospitals in New York State.15 Each

discharge record in SPARCS includes a principal diagnosis

and up to 24 secondary diagnoses that are coded by using

International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) codes.16

Definitions

The definitions we used are consistent with a nationwide

investigation of pneumonia-associated hospitalizations.17

We defined a pneumonia-associated hospitalization as a hos-

pitalization with a principal diagnosis of pneumonia (ICD-9-

CM codes 480-486, 487.0, 488.01, 488.11, or 488.81) or a

secondary diagnosis of pneumonia when respiratory failure

(ICD-9-CM codes 518.81, 518.82, 518.84, or 799.1) or sepsis

(ICD-9-CM codes 038, 785.52, 995.91, or 995.92) was listed

as the principal diagnosis.18

We considered a pneumonia-associated hospitalization

to be of unspecified etiology if the principal diagnosis was

either bronchopneumonia, organism unspecified (ICD-9-

CM code 485) or pneumonia, organism unspecified

(ICD-9-CM code 486). We considered all other

pneumonia-associated hospitalizations that listed a pneu-

monia diagnostic code as the principal diagnosis other than

ICD-9-CM codes 485 or 486 to be of specified etiology.

We identified pneumonia-associated hospitalizations

involving patients with an immunocompromising condition

if �1 ICD-9-CM code for an immunocompromising con-

dition was colisted on the discharge record.17 The study

was determined to be human subjects research in which

the Centers for Disease Control and Prevention (CDC) was

not engaged, human subjects research that was exempt

from federal regulations by the New York City Department

of Health and Mental Hygiene, and human subjects

research approved by the Columbia University Mailman

School of Public Health.

Data Analysis

The unit of analysis was a hospitalization. We expressed

mean annual and annual hospitalization rates as the number

of hospitalizations per 100 000 population. We derived

annual population estimates for the 5 boroughs of New York

City (Bronx, Brooklyn, Manhattan, Queens, and Staten

Island) from US Census Bureau data.19,20 We age-adjusted

rates by using the direct method based on the 2000 US stan-

dard population. We calculated rate ratios (RRs) and 95%
confidence intervals (CIs) by using Poisson regression anal-

ysis, with P < .05 considered significant.

We examined data on pneumonia-associated hospitaliza-

tions by patient sex (male, female), age group (<1, 1-4, 5-19,

20-44, 45-64, 65-74, 75-84, �85), race/ethnicity (non-

Hispanic white, non-Hispanic black, Hispanic, non-

Hispanic American Indian/Alaska Native, non-Hispanic

Asian/Pacific Islander, non-Hispanic other), borough

(Bronx, Brooklyn, Manhattan, Queens, Staten Island), area-

based poverty level (low [<10% of the federal poverty level

(FPL)], medium [1%-19% FPL], high [20%-29% FPL], very

high [�30% FPL]), month of admission, in-hospital death,

and colisting of immunocompromising conditions.21 We

derived poverty estimates from the 2005-2012 American

Community Survey.22 Some discharge records indicated

unknown or missing data on sex (<0.001%) and race/ethni-

city (9.2%); population estimates indicated missing data on

area-based poverty level (0.19%); however, we did not adjust

for unknown or missing data.

We performed multivariable Poisson regression analysis

adjusted by sex, age group, race/ethnicity, borough, and area-

based poverty level. Patients with missing data (8.3%) were

not included. We investigated multicollinearity by using Cra-

mer’s V, with >.30 considered significant. We conducted all

analyses by using R version 3.3.3.23

Results

During 2001-2014, of 16 185 402 total hospitalizations for

New York City residents, 495 225 (3.1%) were pneumonia-

associated, corresponding to a mean annual age-adjusted
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pneumonia-associated hospitalization rate per 100 000 pop-

ulation of 433.8 (95% CI, 429.3-438.3) (Table 1). The mean

annual age-adjusted rate of pneumonia-associated hospitali-

zations per 100 000 population declined from 459.3 (95% CI,

456.6-462.1) during 2001-2003 to 402.7 (95% CI, 400.3-

405.2) during 2012-2014. The annual age-adjusted

pneumonia-associated hospitalization rate in New York City

declined during the study period (Figure 1). Of the 495 225

pneumonia-associated hospitalizations of New York City

residents, 96.3% were at acute-care facilities in New York

City and 3.7% were at acute-care facilities in New York State

but not New York City.

Of 495 225 pneumonia-associated hospitalizations,

360 415 (72.8%) listed a principal diagnosis of pneumonia

and 134 810 (27.2%) listed a principal diagnosis of respira-

tory failure or sepsis (Table 2), corresponding to a mean

annual age-adjusted hospitalization rate per 100 000 popula-

tion of 316.1 (95% CI, 312.2-320.0) for a principal diagnosis

of pneumonia and 117.7 (95% CI, 115.3-120.1) for a princi-

pal diagnosis of respiratory failure or sepsis. The rate of

pneumonia-associated hospitalizations listing a principal

diagnosis of pneumonia declined during the study period,

whereas the rate of pneumonia-associated hospitalizations

listing a principal diagnosis of respiratory failure or sepsis

increased (Figure 1).

Most pneumonia-associated hospitalizations listing a

principal diagnosis of pneumonia were of unspecified etiol-

ogy; ICD-9-CM codes 485 and 486 accounted for 321 673

(89.3%) of all such pneumonia-associated hospitalizations

(Table 2).

In-Hospital Death

In-hospital death occurred in 59 596 of 495 225 (12.0%)

pneumonia-associated hospitalizations during 2001-2014,

ranging from 10.9% to 12.7% during the study period. The

percentage of pneumonia-associated hospitalizations with

in-hospital death was 11.9% (12 801 of 107 868) during

2001-2003 and 12.1% (12 637 of 104 558) during 2012-

2014. The percentage of pneumonia-associated hospitaliza-

tions with in-hospital death was 5.7% (20 592 of 360 415)

among hospitalizations with a principal diagnosis of pneu-

monia and 28.9% (39 004 of 134 810) among hospitalizations

with a principal diagnosis of respiratory failure or sepsis.

Hospitalizations by Demographic Characteristics

Males had a higher mean annual age-adjusted rate of

pneumonia-associated hospitalizations per 100 000 popula-

tion than females (RR¼ 1.3; 95% CI, 1.3-1.3) (Table 1). The

mean annual age-adjusted rate of pneumonia-associated

hospitalizations decreased for both males and females from

2001-2003 to 2012-2014 (Table 3).

Mean annual rates of pneumonia-associated hospitaliza-

tion were highest among patients aged <1 year and among

patients aged �65 (Table 1). Mean annual rates of

pneumonia-associated hospitalizations declined significantly

for all age groups from 2001-2003 to 2012-2014 except for

patients aged 5-19, 45-64, and 75-84 (Table 3). The percent-

age of pneumonia-associated hospitalizations with in-

hospital deaths was highest for patients aged �65.

Non-Hispanic other, non-Hispanic American Indian/

Alaska Native, and non-Hispanic black patients had a higher

mean annual age-adjusted pneumonia-associated hospitali-

zation rate than did Hispanic, non-Hispanic Asian/Pacific

Islander, and non-Hispanic white patients (Table 1). The

percentage of pneumonia-associated hospitalizations with

in-hospital deaths was highest among non-Hispanic white

patients (15.0%) and lowest among Hispanic patients (7.9%).

By borough, the Bronx had the highest mean annual age-

adjusted pneumonia-associated hospitalization rate per

100 000 population (564.7; 95% CI, 551.6-578.0), and Man-

hattan had the lowest (377.4; 95% CI, 367.9-387.1) (Table

1). However, the Bronx had the lowest percentage of

pneumonia-associated hospitalizations with in-hospital

deaths (10.1%) and Staten Island had the highest (14.8%).

The mean annual age-adjusted pneumonia-associated hospi-

talization rate decreased significantly from 2001-2003 to

2012-2014 for Brooklyn (RR ¼ 0.8; 95% CI, 0.8-0.9), Man-

hattan (RR¼ 0.8; 95% CI, 0.8-0.8), and Staten Island (RR ¼
0.7; 95% CI, 0.7-0.8) (Table 3).

The mean annual age-adjusted pneumonia-associated

hospitalization rate per 100 000 population increased as

area-based poverty level increased, whereas the percentage

of pneumonia-associated hospitalizations with in-hospital

deaths decreased with increasing area-based poverty level

(Table 1). Furthermore, the mean age at death during a

pneumonia-associated hospitalization decreased signifi-

cantly as area-based poverty level increased, from 79.4 years

in areas with low poverty levels to 72.1 years in areas with

very high poverty levels (P < .001).

Multivariable Poisson Regression

After adjusting for other variables, the mean annual rates of

pneumonia-associated hospitalizations were highest among

patients aged <1 year (RR ¼ 8.6; 95% CI, 7.8-9.4), 1-4

(RR ¼ 5.8; 95% CI, 5.4-6.3), 45-64 (RR ¼ 4.9; 95% CI,

4.6-5.2), 65-74 (RR ¼ 13.7; 95% CI, 12.9-14.6), 75-84

(RR ¼ 30.7; 95% CI, 28.8-32.7), and �85 (RR ¼ 74.7;

95% CI, 70.1-79.6) compared with patients aged 5-19. Mean

annual age-adjusted rates of pneumonia-associated hospita-

lization were highest among non-Hispanic American Indian/

Alaska Native patients (RR¼ 7.6; 95% CI, 6.5-9.0) and non-

Hispanic other patients (RR ¼ 12.1; 95% CI, 11.3-12.9)

compared with non-Hispanic Asian/Pacific Islander patients.

Of all 5 boroughs, Staten Island (RR ¼ 1.5; 95% CI, 1.5-1.6)

had the highest mean annual age-adjusted rate of pneumonia-

associated hospitalizations compared with Manhattan. The

mean annual age-adjusted rates of penumonia-associated

hospitalizations were highest among those who resided in

high poverty areas (RR ¼ 1.3; 95% CI, 1.2-1.3) and very
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high poverty areas (RR ¼ 1.3; 95% CI, 1.3-1.4) compared

with low poverty areas. We found no significant multicolli-

nearity between race/ethnicity and area-based poverty level

(Cramer’s V ¼ 0.24) or between race/ethnicity and borough

(Cramer’s V ¼ 0.18).

Hospitalizations by Immune Status and Secondary
Diagnoses

During 2001-2014, the percentage of pneumonia-associated

hospitalizations that colisted an immunocompromising con-

dition increased significantly from 18.7% in 2001 to 33.1%
in 2014 (P < .001) (Figure 2). The percentage difference

between pneumonia-associated hospitalizations with in-

hospital death among patients whose discharge data colisted

an immunocompromising condition (21.4%) and patients

whose discharge data did not colist an immunocompromising

condition (11.5%) was significant (P < .001). During 2001-

2003, a median of 3.0 secondary diagnoses were listed on the

discharge record for any hospitalization (not just pneumonia-

associated hospitalizations) in New York City, and this med-

ian increased to 6.0 during 2012-2014 (P < .001).

Seasonality

Age-adjusted rates of pneumonia-associated hospitalizations

were highest during January, followed by December. The

proportion of pneumonia-associated hospitalizations with

in-hospital death was highest for the admission month of
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Figure 1. Annual age-adjusted rates of pneumonia-associated hospitalizations, New York City, 2001-2014. Data source: New York State
Statewide Planning and Research Cooperative System.15

Table 2. Pneumonia-associated hospitalizations, by disease category and ICD-9-CM code, New York City, 2001-2014a

Disease Category (ICD-9-CM Codeb) No. (%)

Total 495 225 (100.0)
Pneumonia principal code 360 415 (72.8)

Noninfluenza viral pneumonia (480) 6154 (1.2)
Pneumococcal pneumonia (481) 4794 (1.0)
Nonpneumococcal bacterial pneumonia (482) 23 251 (4.7)
Pneumonia due to other specified organism (483) 1729 (0.3)
Pneumonia in infectious diseases classified elsewhere (484) 0
Bronchopneumonia, organism unspecified (485) 2714 (0.5)
Pneumonia, organism unspecified (486) 318 959 (64.4)
Influenza virus (487.0, 488.01, 488.11, or 488.81) 2814 (0.6)

Respiratory failure or sepsis principal code with secondary pneumonia code 134 810 (27.2)
Respiratory failure (518.81, 518.82, 518.84, or 799.1) 31 109 (6.3)
Sepsis (038, 785.52, 995.91, or 995.92) 103 701 (20.9)

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
aData source: New York State Statewide Planning and Research Cooperative System.15

bData source: Centers for Disease Control and Prevention.16
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August (13.5%) and lowest for the admission month of

December (11.5%).

Discussion

Our study replicates a 2018 study of the burden of pneumonia-

associated hospitalizations in the United States, and compar-

isons can be made given similarities in the methodology.17 We

found that the mean annual age-adjusted rate of pneumonia-

associated hospitalizations, both overall and for subgroups,

was often similar between New York City and the United

States. For example, the mean annual age-adjusted rate of

pneumonia-associated hospitalizations per 100 000 population

in New York City during 2001-2014 (433.8) was similar to the

rate in the United States (464.8). However, the percentage of

in-hospital deaths among patients with pneumonia-associated

hospitalizations was higher in New York City (12.0%) than in

the United States (7.4%). The higher percentage of in-hospital

deaths in New York City was seen for both sexes, all racial/

ethnic groups, and most age groups.

Table 3. Pneumonia-associated hospitalizations, by demographic characteristics of patients and years of hospitalization, New York City,
2001-2014a

Characteristic

2001-2003 Mean Annual Age-
Adjusted Hospitalization Rate per

100 000 Population (95% CI)b

2012-2014 Mean Annual Age-
Adjusted Hospitalization Rate per

100 000 Population (95% CI)b
Rate Ratio
(95% CI)c

Total 459.3 (456.6-462.1) 402.7 (400.3-405.2) 0.9 (0.9-0.9)
Sex

Male 531.8 (527.1-536.6) 472.8 (468.6-476.9) 0.9 (0.9-0.9)
Female 409.0 (405.6-412.4) 353.4 (350.4-356.5) 0.9 (0.8-0.9)

Age group, y
<1 932.4 (900.8-964.7) 508.6 (485.4-532.6) 0.5 (0.5-0.6)
1-4 546.9 (534.0-560.0) 431.5 (420.3-442.8) 0.8 (0.7-0.8)
5-19 85.0 (82.4-87.7) 79.7 (77.0-82.4) 0.9 (0.9-1.0)
20-44 127.3 (125.0-129.5) 90.7 (88.8-92.6) 0.7 (0.7-0.7)
45-64 392.0 (386.7-397.4) 415.3 (410.2-420.4) 1.1 (1.0-1.1)
65-74 1077.2 (1060.7-1093.9) 982.1 (967.6-996.7) 0.9 (0.9-0.9)
75-84 2298.8 (2269.5-2328.4) 2118.8 (2090.4-2147.5) 0.9 (0.9-1.0)
�85 5802.1 (5726.9-5877.9) 4471.0 (4411.5-4531.0) 0.8 (0.7-0.8)

Race/ethnicity
Non-Hispanic white 350.5 (347.0-354.0) 295.1 (291.9-298.5) 0.8 (0.8-0.9)
Non-Hispanic black 512.1 (506.0-518.3) 464.7 (459.1-470.3) 0.9 (0.9-1.0)
Hispanic 335.9 (330.2-341.7) 342.8 (338.1-347.6) 1.1 (1.0-1.1)
Non-Hispanic American Indian/

Alaska Native
702.4 (619.6-797.2) 498.4 (436.0-567.9) 0.7 (0.5-0.9)

Non-Hispanic Asian/Pacific
Islander

221.2 (213.7-229.0) 206.2 (200.9-211.7) 1.0 (0.9-1.1)

Non-Hispanic other 2071.7 (2001.8-2143.7) 4728.8 (4637.2-4821.9) 2.2 (2.1-2.4)
Borough

Bronx 561.2 (553.4-569.0) 538.7 (531.6-545.9) 1.0 (1.0-1.0)
Brooklyn 461.7 (456.8-466.7) 383.0 (378.6-387.4) 0.8 (0.8-0.9)
Manhattan 413.2 (407.3-419.1) 333.9 (328.9-339.0) 0.8 (0.8-0.8)
Queens 409.4 (404.6-414.3) 386.7 (382.2-391.2) 0.9 (0.9-1.0)
Staten Island 581.2 (568.1-594.4) 427.6 (417.2-438.2) 0.7 (0.7-0.8)

Area-based poverty leveld

Low (<10% FPL) 332.5 (327.5-337.5) 269.8 (265.5-274.2) 0.8 (0.8-0.9)
Medium (10%-19% FPL) 433.9 (429.4-438.4) 411.2 (406.9-415.6) 1.0 (0.9-1.0)
High (20%-29% FPL) 480.0 (474.2-486.0) 374.3 (370.0-378.8) 0.8 (0.8-0.8)
Very high (�30% FPL) 595.5 (588.4-602.6) 582.1 (574.8-589.5) 1.0 (1.0-1.0)

Pneumonia principal diagnosis 401.8 (399.2-404.3) 229.5 (227.6-231.4) 0.6 (0.6-0.6)
Respiratory failure or sepsis

principal diagnosis with
secondary pneumonia diagnosis

57.6 (56.6-58.5) 173.2 (171.6-174.8) 3.0 (2.9-3.1)

Abbreviation: FPL, federal poverty level.
aData source: New York State Statewide Planning and Research Cooperative System.15

bAge group rates are not age-adjusted.
cReference group: 2001-2003.
dArea-based poverty level is defined as the percentage of the population in a given area whose household income is below the FPL; area is based on modified
ZIP code tabulation areas.
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Our analysis adds to evidence from death certificates sug-

gesting that pneumonia mortality in New York City is higher

than pneumonia mortality in the United States.12 To our

knowledge, hospital discharge data are generated indepen-

dently of death certificate data. If so, two separate data sources

(hospital discharge data and death certificate data) suggest a

disproportionate burden of pneumonia mortality in New York

City. Although the data in our study do not definitively prove

that there is a disproportionate burden of pneumonia mortality

in New York City, they can help guide future investigations.

Pneumonia mortality is a function of the risk of acquiring

pneumonia multiplied by the risk of a poor outcome (ie, death)

from pneumonia. If we use “pneumonia-associated hos-

pitalization” as a proxy for “pneumonia,” then the data in our

study along with the nationwide data suggest that the risk of

having pneumonia is similar in New York City and the United

States.17 It is unlikely that New York City’s higher reported

rates of pneumonia mortality reflect a greater risk of acquiring

pneumonia in New York City than in the United States.

If we shift our focus to the risk of a poor outcome (ie,

death) from pneumonia, data in our study suggest a higher

risk of a poor outcome during a pneumonia-associated hos-

pitalization in New York City than in the United States.17 It

is important to acknowledge that we do not know that pneu-

monia mortality is worse in New York City than in the

United States. Our observations might be due to differences

in coding practices or an unrecognized artifact in the data. An

important next step will be to verify the quality of hospital

discharge data (and death certificate data) for pneumonia in

New York City. If these data prove to be reliable, then true

epidemiologic differences in pneumonia may exist between

New York City and the United States, such as higher rates of

antimicrobial resistance, less access to health care, or lower

quality of health care in New York City. Additional investi-

gation into differences between patients discharged after a

pneumonia-associated hospitalization in New York City and

patients discharged after a pneumonia-associated hospitali-

zation in the United States is also needed, because these

differences might affect reported mortality.

In New York City, the percentage of pneumonia-

associated hospitalizations with in-hospital deaths was lower

among patients who had a principal diagnosis of pneumonia

(5.7%) than among patients with a principal diagnosis of

respiratory failure or sepsis (28.9%), whereas in the United

States, these percentages were 3.9% and 19.0%, respectively.

Presumably, pneumonia-associated hospitalizations with a

principal diagnosis of respiratory failure or sepsis represent

more severe forms of pneumonia, and these appear to be

driving pneumonia mortality in New York City. Thus, the

sepsis regulations in New York State, issued in 2013, may

have an effect on pneumonia mortality in New York City,

especially because pneumonia is one of the most common

causes of sepsis in New York State.24,25

Although the quality of data on race/ethnicity in SPARCS

has been questioned before, we did find differences in rates

of pneumonia-associated hospitalization by race/ethnicity

that deserve further investigation. The higher rate may reflect

underlying health inequities in New York City, such as con-

ditions that increase the risk of pneumonia (eg, diabetes,

obesity, asthma).26 Efforts to address chronic diseases across

the general New York City population might therefore affect

rates of pneumonia-associated hospitalizations.

Increases in area-based poverty level were also associ-

ated with increases in the rate of pneumonia-associated

hospitalizations, consistent with previous data on economic

status and rate of pneumonia-associated hospitalizations

and pneumonia death rate.12,17 It was therefore surprising

that Staten Island had the highest rate of pneumonia-

associated hospitalizations among all 5 boroughs, because

Staten Island also has the second-highest median household

income among all 5 boroughs.27 We suspect that the

findings in Staten Island reflect unknown artifacts, as
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hypothesized in an examination of the surprisingly high

pneumonia death rate in Staten Island published in 2018,

such as systematic differences in cause-of-death reporting

among the boroughs.12

The percentage of pneumonia-associated hospitalizations

that colisted an immunocompromising condition increased in

New York City during the study period, and these data sug-

gest a target population for prevention efforts. This trend is

not limited to New York City. The percentage of pneumonia-

associated hospitalizations that colisted an immunocompro-

mising condition in the United States increased from 18.7%
in 2001 to 29.9% in 2014.17 We suspect that the increase in

colisting of immunocompromising conditions partially

reflects changes in discharge coding practices. Specifically,

in both New York City and the United States, the median

number of secondary diagnoses listed on the discharge

record of any hospitalization (not just pneumonia-

associated hospitalizations) has increased over time. In New

York City, during 2001-2003, a median of 3.0 secondary

diagnoses were listed on the discharge record for any hospi-

talization, which increased to 6.0 during 2012-2014. In the

United States, the median number of secondary diagnoses

listed on the discharge record for any hospitalization

increased from 3.8 to 7.5 during these same 2 periods.17

These data also indicate that in any given year, the median

number of secondary diagnoses listed on the discharge

record does not differ greatly between New York City and

the United States. If we use the median number of secondary

diagnoses on the discharge record as an indicator of a

patient’s general level of health, it suggests that patients in

New York City have a similar general level of health as

patients in the United States. Thus, the higher percentage

of in-hospital deaths during a pneumonia-associated hospi-

talization in New York City compared with the United States

is unlikely to be explained by differences in the general level

of health of patients in New York City compared with the

United States.

Limitations

This study had several limitations. First, the unit of analysis

in this study was a hospitalization rather than a patient. Thus,

patients who were readmitted for the same episode of

pneumonia were treated as having unique pneumonia-

associated hospitalizations. Second, we likely underesti-

mated the burden of pneumonia in New York City because

we only used inpatient data rather than a combination of

inpatient and outpatient data.28,29 Third, we were unable to

determine whether the threshold for admitting patients with

pneumonia was different in New York City than elsewhere.

Differing thresholds of admission could have biased the per-

centage of in-hospital deaths, because a higher threshold of

admission would admit patients who had a higher chance of

death. Fourth, our study did not account for the various set-

tings of pneumonia acquisition; therefore, the data likely

represented a mix of community-acquired pneumonia, health

care-associated pneumonia, hospital-acquired pneumonia,

and ventilator-associated pneumonia.30 We also did not

include pneumonia due to aspiration, an important cause of

pneumonia with high mortality rates, which should be

investigated.

Fifth, discharge coding, the basis for analyses using

SPARCS, can be subject to bias. Our inclusion of respiratory

failure and sepsis in our definition of a pneumonia-associated

hospitalization addressed a previously reported bias, but

other biases may not have been accounted for (eg, the change

to the inpatient prospective payment system by the Centers

for Medicare & Medicaid Services in 2008).18,31,32 Sixth,

using ICD-9-CM codes to identify pneumonia was imper-

fect, and we did not verify the accuracy of discharge records

in SPARCS.31 Finally, because our analysis did not adjust for

missing data, the results from our multivariable analysis may

have been biased.

Conclusions

This study offers insight into the burden of pneumonia in

New York City. Sociodemographic factors and immune sta-

tus appear to play a strong role in the epidemiology of

pneumonia-associated hospitalizations in New York City.

Further investigation is needed into the underlying reasons

for why pneumonia mortality might be higher in New York

City than elsewhere.
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