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Older Adults Hospitalized for Pneumonia in the United States:
Incidence, Epidemiology, and Outcomes

Forest W. Arnold, DO, MSc,* Andrea M. Reyes Vega, MD,* Vidyulata Salunkhe, MD, MPH, *
Stephen Furmanek, MS, MPH, * Christian Furman, MD, MSPH, AGSF,™*
Laura Morton, MD, CMD,* Anna Faul, PhD,*"! Pam Yankeelov, PhD,*" and

Julio A. Ramirez, MD*

OBJECTIVES: To define the current incidence, epidemiol-
ogy, and mortality of older adult patients hospitalized with
community-acquired pneumonia (CAP) in Louisville, KY
and thus estimate the burden of CAP in the older adult pop-
ulation of the United States. To define risk factors associ-
ated with early and late outcomes.

DESIGN: This was a secondary analysis of older adults (aged
265 years) from the University of Louisville Pneumonia Study,
a prospective population-based cohort study of all hospitalized
adults with CAP between June 1, 2014, and May 31, 2016.
SETTING: The study took place in all nine acute care hos-
pitals for adults in Louisville, KY.

PARTICIPANTS: Residents in the city of Louisville, KY,
who were diagnosed with CAP between the inclusion dates
were included and who were aged 65 years or older.
MEASUREMENTS: Incidence of CAP and outcomes were
measured. A total of nine risk factors were also assessed for
any potential association with time to clinical stability,
length of stay (LOS), and mortality.

RESULTS: During the 2-year study, from a Louisville popula-
tion of 102 264 adults aged 65 years or older, 4760 were hos-
pitalized with CAP. The incidence of older adults hospitalized
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with CAP was 2093 per 100 000 population. This corre-
sponds to 967 470 older adults in the United States hospital-
ized per year with CAP. The median time to clinical stability
was 2 days, and the median LOS was 6 days. The 30-day all-
cause mortality was 17%. The 1-year all-cause mortality was
38% (829 patients), which corresponds to 361 982 deaths in
the United States with CAP in older adults.

CONCLUSION: The estimated burden of CAP in older
adults is substantial in the United States. Nearly 1 million
older adults are hospitalized for CAP, and over a third of
those die within 1 year. J] Am Geriatr Soc 68:1007-
1014, 2020.

Key words: epidemiology; health outcomes; incidence;
older adults; pneumonia

ommunity-acquired pneumonia (CAP) is the eighth

leading cause of death in the United States, and in
adults aged 65 years and older."* It also causes more death
in the United States than any other infectious disease.®> The
cumulative cost in the United States for all inpatients with
CAP has been estimated to be $9 to $17 billion/year.*® The
last National Hospital Discharge survey addressing pneu-
monia as a first-listed International Classification of Dis-
eases, Ninth Revision (ICD-9), diagnosis was for 2007
when 1 056 000 patients were identified, of whom 610 000
were aged 65 years or older.”

The incidence of hospitalization for CAP that is currently
known for older adults ranges from 1150 to 1830 per 100 000
population.®'° Every large epidemiological study has been lim-
ited by defining patients with ICD data rather than with clinical
and radiographic data. There are no studies that have included
comprehensive CAP data for one city from which values could
be translated to the US population as a whole. A
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comprehensive study is needed. Advancement in this field will
come with accurate and timely familiarity of the epidemiology,
incidence, and mortality of CAP in older adults. This informa-
tion would help determine what risk factors are relevant to
improve outcomes. The Louisville Pneumonia Study was cre-
ated for specifically that purpose. It is a multidisciplinary col-
laboration of investigators from the University of Louisville
Infectious Diseases, the Louisville Metro Department of Public
Health and Wellness, and the Kentucky Office of Vital
Statistics.

The primary objective of this study was to define the
current incidence, epidemiology, and mortality of older
adult patients hospitalized with CAP in Louisville, KY; and
to estimate the burden of CAP in the older adult population
of the United States. The secondary objective was to define
risk factor-specific indices with an association with time to
clinical stability, length of stay (LOS), and mortality.

METHODS

This was a secondary analysis of older adults (aged >65 years)
from the University of Louisville Pneumonia Study, a large
prospective population-based cohort study of hospitalized
adults with CAP in Louisville, KY. The primary study was
performed over 2 years between June 1, 2014, and May
31, 2016, and included 7449 patients with CAP, aged
18 years or older, to define incidence, epidemiology, and mor-
tality of adult patients hospitalized with CAP in an entire
city.'! Admitted patients to the nine adult hospitals in Louis-
ville were screened for inclusion criteria. Candidates who ful-
filled inclusion criteria were included, and data were collected.
Unique patients were identified by their social security num-
ber, preventing readmitted patients from being counted twice.
The primary study was approved by the Institutional Review
Board (IRB) at the University of Louisville Human Subjects
Research Protection Program Office (IRB No. 11.0613) and
by the research offices at each participating hospital. The
study was exempt from informed consent. All data operations
were conducted by the study coordinating center located at
the University of Louisville Division of Infectious Diseases. "’

Inclusion Criteria

A diagnosis of CAP and an age of 65 years or older were
required for study eligibility. A patient was considered to
have CAP when certain radiographic and clinical criteria
were met. Radiographic criteria included a pulmonary infil-
trate on imaging (computed tomography or chest x-ray) at
the time of admission. Clinical criteria required having at
least one of the following: new or increased cough, fever
higher than37.8°C (100.0°F), hypothermia lower than
35.6°C (96.0°F), a change in serum white blood cells (leu-
kocytosis >11 000 cells/mL, left shift >10% band forms, or
leukopenia <4000 cells/mL). Additional screening criteria
are in the Supplementary Methods. Finally, no alternative
diagnosis at the time of hospital discharge that justified the
radiographic or clinical criteria could be present.

Exclusion Criteria

Patients were excluded if their valid residence was outside
of Louisville. Patients were also excluded if they did not

have a valid social security number or were in prison at the
time of enrollment. Patients diagnosed with pneumonia
more than 72 hours after admission were excluded. If an
alternate diagnosis to CAP was present at the time of dis-
charge, then a patient was withdrawn. If a patient was
rehospitalized due to CAP, only the first admission in a
given year was used in analysis.

Study Definitions

All patients were aged 65 years or older and were catego-
rized for those aged 65 to 84 years and older than 85 years.
A patient admitted to the hospital from a nursing home
was considered to be a resident. Poverty status for each US
Census Bureau census tract was recorded. A body mass
index (BMI) of 30 kg/m” or greater was considered as over-
weight, and a BMI of less than 18.5 kg/m* was considered
underweight. Variables evaluated in the medical record at
the time of enrollment included comorbidities (congestive
heart failure [CHF], chronic obstructive pulmonary disease
[COPD], chronic renal failure, cerebrovascular disease, dia-
betes, liver disease, and neoplastic disease [active or within
the last year]), race, and smoking status. Pathogens detected
by routine standard of care were reported from a respira-
tory, blood, or urine sample. Vital signs, laboratory values,
and severity of disease were also recorded. Severity of dis-
ease was defined using the Pneumonia Severity Index (PSI)
and its 23 factors, including age, medical history, vital
signs, and laboratory values.'* Patients older than 50 years
may be in PSI risk classes II to V, but never risk class L.

Incidence Calculations

The numerator for the incidence of hospitalizations for CAP
was the yearly average number of unique adults hospitalized
with CAP over the 2-year study. The denominator was based
on the US Census Bureau projections for 2014 from age-
specific data of the 2010 US Census Data for Louisville. The
incidence rates were standardized per 100 000 population.
The estimated number of patients hospitalized with CAP and
the number of deaths due to CAP among older adults in the
United States were calculated by multiplying the Louisville
incidence rate by the estimated 2014 US older adult popula-
tion and adjusting for age, sex, and race using robust statis-
tics described in the Supplementary Methods.

Geospatial Epidemiology

Cases of pneumonia among older adults were plotted in dot
density, kernel density, and choropleth maps. A dot density
map shows a distribution of cases per dot on a map. Our
dot density maps showed one case of CAP per dot on a
map of Louisville, KY (Jefferson County). A choropleth
map shows the distribution of a characteristic per section.
Our choropleth maps show four degrees (one color shade
for each interquartile) of poverty and race per census tract
in Louisville. A kernel density heat map shows a distribu-
tion of cases for a region portrayed similarly to a topo-
graphical map with increasing concentrations of cases
culminating in the highest density of cases appearing as
“hills.” Finally, Kulldorff’s spatial scan statistic outlines a
single area on a map with the highest density of a certain

85US01 SUOWILLIOD) BA IR0 3|qedi|dde 8y Aq pausenoh ae S ie WO ‘8sn J0 sa|nJ oy AriqiT auljuO A3|IAA UO (SUO T PUOD-PUE-SLLB)WOD A3 1M Aelq 1 pul o/ SANL) SUORIPUOD pue sWwid | 83U 33S *[7202/50/.0] uo Arigiauliuo A|IM ‘B]11sinoT JO AiseAuN Aq 2Ze9T SBITTTT 0T/I0p/wod A 1M AReiqiputiuo's euinosfe/sdny woij papeojumoqd ‘G ‘0202 ‘STYSZEST



JAGS MAY 2020-VOL. 68, NO. 5

INCIDENCE OF PNEUMONIA IN OLDER ADULTS 1009

factor while taking into account an underlying population.
We identified this general area of increased incidence of
CAP among older adults in Louisville using this statistic.
ArcGIS 10.4 (Esri) and SaTScan version 9.5 were used for
all geospatial analysis.'?

Study Outcomes

Study outcomes included time to clinical stability, LOS, and
mortality. A patient was defined as clinically stable on the day
that the following four criteria were met: (@) improved cough
and shortness of breath, (b) lack of fever for at least 8 hours, (c)
improving leukocytosis (improved at least 10% from the previ-
ous day), and (d) tolerating oral intake. Patients were evaluated
daily for the first 7 days of hospitalization to determine when

Table 1. Characteristics of Patient Population

Characteristics

Total Study Population (n = 4279)

Aged 65-84 y Aged >85 y P Value

Demographics
Age, median (IQR)
Male sex
Black race
Nursing home resident
Medical and social history

(n = 3134 [73%])

(n = 1145 [23%])

Chronic obstructive pulmonary disease
Congestive heart failure
Renal disease
Diabetes mellitus
BMI, kg/m?
<18.5
18.5-30
>30
Current smoker
Neoplastic disease (active or within the last year)
Stroke
Liver disease
Physical examination findings, median (IQR)
Heart rate, beats/min
Respiratory rate, breaths/min
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Temperature, °C
Laboratory findings, median (IQR)
Hematocrit, %
Serum bicarbonate, mEq/L
Blood urea nitrogen, mg/dL
Serum glucose, mg/dL
Serum sodium, mEg/L
Severity of disease
Need for intensive care
Altered mental status
Vasopressors received
Ventilatory support received
Pneumonia Severity Index, median (IQR)
Risk class |
Risk class I
Risk class Il
Risk class IV
Risk class V

74 (69-79) 89 (87-92) <.001
1493 (48) 464 (41) <.001
481 (15) 119 (10) <.001
462 (15) 334 (29) <.001
1742 (56) 417 (36) <.001
1054 (34) 461 (40) <.001
1043 (33) 448 (39) <.001
1181 (38) 300 (26) <.001
<.001
249 (8) 137 (12)
1841 (59) 828 (72)
1042 (33) 180 (16)
709 (23) 64 (6) <.001
528 (17) 149 (13) .003
484 (15) 187 (16) .509
152 (5) 15 (1) <.001
102 (89-117) 98 (84-113) <.001
2 (20-27) 22 (20-26) <.001
117 (100-136) 118 (100-135) .964
55 (47-65) 54 (46-63) 022
37.2 (36.8-37.8) 37.1 (36.8-37.8) .012
35 (31-39) 35 (31-39) 151
26 (23.3-30) 26 (24-29) 275
21 (15-32) 25 (19-36) <.001
146 (117-200) 134 (112-176) <.001
137 (134-140) 137 (134-141) .003
562 (18) 145 (13) <.001
648 (21) 325 (28) <.001
88 (3) 29 (3) .700
448 (14) 104 (9) <.001
111 (88-136) 129 (108-153) <.001
a
252 (8) b
612 (20) 92 (8)
1,340 (43) 506 (44)
930 (30) 547 (48)

Note: Data are given as number (percentage), unless otherwise indicated.
Abbreviations: BMI, body mass index; IQR, interquartile range.

*Those older than 50 years are not eligible to be in risk class L.

PThose aged 70 years or older are not eligible to be in risk class II.
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S — Less likely to experience poor outcome ; More likely to experience poor outcome——-—-: > HR 95% ClI P value
Age>85y —0—s 1.04 (0.96-1.13) .317
Nursing home residence ' ——e 1.57 (1.43-1.72) <.001
BMI < 18.5 kg/m2 —— 1.16 (1.03-1.30) .016
BMI > 30 kg/m2 —— 0.99 (0.92-1.07) .880
COPD —— 1.08 (1.01-1.16) .023
Renal disease ——e 1.19 (1.11-1.28) <.001
Congestive heart failure | —0—e 1.13 (1.05-1.21) .001
Stroke —_—— 1.05 (0.95-1.14) .337
Diabetes mellitus - 0.96 (0.90-1.04) .312
Liver disease —— 1.18 (0.99-1.40) .062
Current Smoker [ : o—<>?—o : ‘ 0.97 (0.89-1.06) .483
0.0 0.5 1.0 1.5 2.0
HR

Figure 1. Forest plot for time to clinical stability among patients aged 65 years or older who were hospitalized with community-
acquired pneumonia. BMI indicates body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR,

hazard ratio.

clinical stability was reached. LOS was defined by subtracting
the admission date from the discharge date. Patients hospitalized
for more than 2 weeks were censored at 14 days in an effort to
capture LOS related only to CAP. All-cause mortality was evalu-
ated for in-hospital, 30-day, 6-month, and 1-year mortality.
Mortality was evaluated after discharge by reviewing medical
records and by matching a patient’s social security number with
mortality data obtained from the Kentucky Department for Pub-
lic Health Office of Vital Statistics.

Statistical Analysis

Descriptive statistics were performed, with patient demo-
graphics, medical and social history, physical examination find-
ings, laboratory findings, and pneumonia severity (using PSI)
described as either median and interquartile range (IQR) or fre-
quency and percentage. Comparisons of patient characteristics
between those aged 65 to 84 years and those aged 85 years or
older were performed using either Mann-Whitney U tests or 3>
tests for continuous and categorical data, respectively. Confi-
dence intervals (ClIs) were calculated using normal approxima-
tion. Cox proportional hazards regression was performed to
identify risk factors for study outcomes, with hazard ratios
reported so that negative outcomes would be indicated by haz-
ard ratios greater than 1. P < .05 was considered statistically
significant. All statistical analysis was performed in R version
3.5.1 (R Foundation for Statistical Computing).'*

RESULTS

Study Population

There were 102 264 older adults, aged 65 years or older, in
the city of Louisville during 2014. During the 2-year study
period, there were 4760 (4.7%) hospitalizations of older
adults with CAP. A total of 4279 (4.2%) were unique
patients, of whom 2196 patients were in the first year of the
study and 2083 patients were in the second year of the
study. Of the 396 patients who were readmitted 473 times,
only the first admission was evaluated.

Patient Characteristics

Patient characteristics are shown in Table 1. The age range was
65 to 102 years, the average age was 78.5 years, and the
median age was 78 years. Most were female (54%), and 14%
were African American. The most common comorbidities were
COPD (51%), CHF (35%), diabetes mellitus (35%), and obe-
sity (29%). A total of 17% were admitted to the intensive care
unit (ICU), and 13% required ventilatory support. Of patients,
10% did not have a comorbidity, 24% had one comorbidity,
28% had two comorbidities, 21% had three comorbidities,
12% had four comorbidities, and 5% had five or more com-
orbidities. Some differences were noted to be statistically differ-
ent because the population was so large, but are not clinically
significant, such as the respiratory rate and the levels of serum

R — Less likely to experience poor outcome ; More likely to experience poor outcome-————> HR  95% CI P value
Age>85y —— 0.98 (0.91-1.06) .671
Nursing home residence . ——e 1.60 (1.46-1.75) <.001
BMI < 18.5 kg/m2 0-'—<>—0 1.09 (0.97-1.23) .138
BMI > 30 kg/m2 0—<>-v-0 0.96 (0.89-1.03) .253
COPD L—0—e 1.11 (1.03-1.18) .004
Renal disease —0—e 1.39 (1.29-1.49) <.001
Congestive heart failure ' ——e 1.29 (1.20-1.38) <.001
Stroke 0—<>—0 1.09 (0.99-1.19) .078
Diabetes mellitus —— 1.01 (0.94-1.09) .707
Liver disease f—O——— 1.25 (1.05-1.49) .011
Current Smoker : : 0—<>—? : : 0.93 (0.85-1.02) .112
0.0 0.5 1.0 1.5 2.0
HR

Figure 2. Forest plot for length of hospital stay among patients

aged 65 years or older who were hospitalized with community-

acquired pneumonia. BMI indicates body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR,

hazard ratio.
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Less likely to .

<—————experience poor outcome | More likely to experience poor outcome--------—-—----—->  HR  95% Cl P value
Age>85Yy L e—O0—e 1.33 (1.19-1.49) <.001
Nursing home residence —_——e 2.33 (2.08-2.61) <.001
BMI < 18.5 kg/m2 : ——— 1.58 (1.36-1.84) <.001
BMI > 30 kg/m2 - 3 0.62 (0.55-0.71) <.001
COPD Ln’and 1.09 (0.98-1.21) .100
Renal disease } —0—e 1.50 (1.35-1.66) <.001
Congestive heart failure ' —0—e 1.37 (1.23-1.52) <.001
Stroke —— 1.02 (0.90-1.17) 724
Diabetes mellitus 0--<>—0 1.06 (0.95-1.19) .295
Liver disease L 1.40 (1.11-1.77) .005
Current Smoker [ ‘ o—<>7 ‘ ‘ ‘ | 091 (0.79-1.04) 172

0.0 0.5 1.0 1.5 2.0 2.5 3.0
HR

Figure 3. Forest plot for mortality among patients aged 65 years or older who were hospitalized with community-acquired pneu-
monia. BMI indicates body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio.

bicarbonate. The etiology of CAP for the 20% of patients who  Incidence

had a positive laboratory testis in Supplementary Table S1. The yearly incidence of older adults hospitalized for CAP was

2093 (95% CI = 2005-2182) per 100 000 population. This

.
D
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[C__JRelativeRisk: 135 - Older Adult Case of CAP [__| First Quartiie [Z] Second Quartile [Nl Third Quartiie Il Fourth Quartie

Figure 4. A dot density distribution of older adults hospitalized with community-acquired pneumonia (CAP) in the city of Louis-
ville, KY (A). A kernel density heat map is shown with darker shades associated with higher concentrations of CAP (B). Choropleth
distributions among census tracts show the associations of CAP clustering with African American race (C) and poverty level (D). A
darker shade represents a higher interquartile range for race (A) or poverty (B). Kulldorff’s spatial scan statistic is represented by a
dashed shape showing the general area of highest concentration for CAP among older adults in Louisville (B-D).
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incidence translates to an adjusted number of older adults
hospitalized with CAP in the United States to be 942 437
older adults per year. The incidence in Louisville without con-
sidering patients admitted with CAP from a nursing home
was 1703 per 100 000 population. This translates to an inci-
dence in the United States of 773 187 older adults per year.

The incidence of hospitalization with CAP among adults
aged 65 to 84 years was 1786 (95% CI = 1698-1874), and
that of adults aged 85 years or older was 3948 (95%
CI = 3625-4271) per 100 000. As age increased, the incidence
of hospitalization for CAP also increased (Supplementary
Table S2). The incidence for African Americans aged 65 years
or older was 2169 (95% CI = 1924-2414), and that for
whites aged 65 years or older was 2062 (95% CI = 1968-2157)
per 100 000 population.

Outcomes

The median time to clinical stability was 2 days (IQR =
1-4 days). The median LOS was 6 days (IQR = 4-9 days). All-
cause mortality was 184 (8%) deaths per year during hospitali-
zation. The 30-day mortality for patients in each PSI risk class
was: Il = 0.8%, Il = 3.9%, IV = 10.3%, and V = 33.8%. The
30-day mortality was 371 (17%), and 6-month mortality was
644 (30%). One-year mortality was 829 (38%) deaths per
year, which translates to 361 982 deaths per year in the United
States. The 30-day mortality for ward patients was 14%, and
it was 33% for ICU patients.

Nursing home residence, a history of renal disease, and
CHF were associated with worsening of the three outcomes
evaluated; time to clinical stability, LOS, and all-cause,
1-year mortality (Figures 1-3). Being underweight resulted
in longer time to clinical stability and higher mortality,
while being overweight was actually protective for mortal-
ity. Mortality was higher in patients older than 85 years, as
expected. As age increased, the mortality also increased
(Supplementary Figure S1).

Geospatial Epidemiology

The dot density map showed more cases in the areas of more
population (downtown), but did not identify a specific area
of risk for CAP as patients were from all over the city
(Figure 4A). The kernel density map specifically showed that
residents within certain areas had a 35% increased risk for
CAP (Figure 4B). The Kulldorff’s spatial scan statistic identi-
fied that older adults living in western Louisville had an
increased risk for hospitalization due to CAP (Figure 4B-D).
Choropleth maps identified census tracts of patients with
CAP who may have had a higher association of being
African American and impoverished (Figure 4C,D).

DISCUSSION

The most important finding of this study was determining
the incidence of hospitalization for CAP in older adults,
which was 2093 per 100 000 population. This translates to
nearly 1 million older adults (942 437) in the United States
who are hospitalized each year for CAP. In previous
research, it was found that the number of older adults hos-
pitalized with CAP reported in the United States was only
610 000 (SE = 43 000).” That study and the present study

have attempted to report the actual incidence of older
adults hospitalized with CAP as accurately as possible. But,
the difference highlights the methodological differences in
inclusion and incidence estimates and even slight epidemio-
logical variations that may have occurred over the 7 years
between the two studies. Consequently, these estimates
require attention and further investigation to determine if
there has been an underestimation of older adults hospital-
ized with CAP until now.

A study using the Agency for Healthcare Research and
Quality Nationwide Inpatient Sample (NIS) data reported
incidences of hospitalization."> They found an incidence
from 2007 to 2009 for those aged 65 to 84 year of 1492
and an incidence for those aged 85 year or older of 4396
per 100 000 population. NIS data report hospitalizations,
not unique patients, which increased their rates slightly.
Furthermore, they identified patients using ICD codes for
hospitalization. These reasons may explain why their rates
were higher for those aged 65 84 years and lower for those
aged 85 years or older than the present study.

A study on the etiology of pneumonia in the commu-
nity also evaluated the incidence of CAP.'® They enrolled
patients from 2 of 13 hospitals in Nashville, TN, and 3 of
133 hospitals in Chicago, IL. They excluded patients who
had been recently hospitalized or who were immuno-
suppressed. In older adults aged 65 to 79 years, the inci-
dence of CAP was 630 (95% CI = 564-703) per 100 000
population, and in adults aged 80 years or older, it was
1643 (95% CI = 1419-1893) per 100 000 population.

There were three risk factors associated with all three
outcomes measured. Nursing home residence, renal disease,
and CHF correlated with longer time to clinical stability,
longer LOS, and higher mortality. Three other risk factors
(cachexia, COPD, and liver disease) were each associated
with two of three outcomes measured. It is not surprising
that major organ diseases were associated with worse out-
comes. It is understandable that comorbidities would pre-
vent a patient from recuperating as quickly or getting
discharged as early as a patient without comorbidities, but
physicians may find it surprising that comorbidities had an
impact on mortality up to 1 year after having CAP. One
exception was obesity, which was found to be protective. It
has been shown that obese patients hospitalized with CAP
had a lower mortality if they did not need intubation and
mechanical ventilation or inotropic support.!” Knowing the
risk factors associated with worse outcomes may prompt
more aggressive management by physicians for those
patients who have them.

The in-hospital mortality of the present study was gen-
erally similar to previous studies if one considers that the
range is broad in the literature for older adults, ranging
from 5% for ward patients and as high as 50% for ICU
patients on inotropic support.'®'” We reported 30-day
mortalities of 14% for ward patients and 33% for ICU
patients. The all-cause mortality rates for the present study
also increased significantly as time elapsed from the day of
admission. Within a month of admission, nearly one patient
in five died. By 6 months, one patient in three died, and
approximately 40% died within a year of admission. This
translates to over 360 000 deaths in older adults admitted
for CAP in the United States per year. Appreciating CAP in
this manner would make it the third most common cause of
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death in the United States ahead of noninfectious “chronic
lower respiratory diseases.”” These values reveal a higher
incidence of mortality with CAP in the older population
than the 42 479 deaths reported by the Centers for Disease
Control and Prevention (CDC) for 2016.> The CDC,
however, reports death from death certificates, which list
pneumonia as the primary cause of death, while we counted
all-cause mortality in patients admitted for CAP because
CAP initiates many of the complications that lead to death,
such as cardiovascular complications.**%*

The incidence of CAP in whites vs African Americans
was relatively similar, though slightly higher for African
Americans. A higher proportion of African Americans live
in western Louisville, where poverty is also higher. The area
of Louisville with the most poverty overlapped with the
area of the highest density of CAP. Poverty is a marker of
several factors associated with respiratory infection (eg,
poor nutrition, housing, and air quality), as well as a lack
of adequate medical insurance, poor access to healthcare,
and increased smoking.

The incidence of CAP might be investigated more if it
was easier to measure rates and thus make simple compari-
sons. Rates of certain populations should be compared with
similar age groups. Incidence studies interested in true
annual incidence count single admissions per year per
patient and have slightly different rates than prevalence
studies interested in burden of disease, which count multiple
admissions per year per patient. Some studies depend on
the science (and art) of radiography, requiring some degree
of interpretation, while others use ICD coding to capture
patients with CAP. The incidence of CAP may also vary
during years of an influenza outbreak, so even noting study
years is prudent when making comparisons.

One of the implications of knowing the incidence of
CAP in older adults is to calculate cost so that resources
can be allocated accordingly. Before an accurate cost can be
provided, incidence, severity of disease, location cared for,
and insurance issues need to be clarified. Among those vari-
ables, this study helps to better describe incidence. The cur-
rent range of cost attributed to CAP in older adults has
been reported from $4851 to $27 661 per case.”>** Using
these values, the range of total cost in the United States
using the incidence determined in the present study for
older adults with CAP yields $4.7 to $26.7 billion per year,
a broad range, but one that includes the commonly
referenced $10 billion per year. Studies addressing the other
variables need to be performed before an accurate total cost
for CAP in older adults in the United States can be
provided.

Limitations and Strengths

Our study was limited by the lack of a gold standard for
the definition of CAP. We used one clinical criterion, while
many studies use two. In an effort not to overestimate the
incidence, patients were excluded if no alternative diagnosis
was present at the time of discharge. We also had a radio-
logical criterion to support that patients actually had CAP.
Another limitation was that some Louisville residents likely
sought hospitalization outside of the region. This would
have decreased our estimated incidence rate. Finally, we
translated our incidences and deaths to the nation as a

whole, which is reasonable because, among cities with more
than 500 000 people, Louisville ranks second in similarity
to the United States.>® That ranking is based on 59 variables
from the American Community Survey 5-Year Estimates
and the Behavior Risk Factor Surveillance System, which
includes categories of demographics, comorbidities, socio-
economic status, and health behaviors. For example, the
median household income in Louisville is $51 259 compared
to $55 775 for the United States. The poverty rate is 15.1%
for Louisville and 14.7% for the United States. The propor-
tion of whites in Louisville is 70%, while it is 63% in the
United States. However, the proportion of Hispanics is
4.4% and of African Americans is 20.6% in Louisville vs
16.3% and 12.2%, respectively, in the United States. The
proportion of present smokers in Louisville is 10% com-
pared to 8% in the United States. The proportion of those
who received a pneumococcal vaccine was 65% in both
Louisville and the United States, and the proportion who
received an influenza vaccine was 53% in Louisville and
55% in the United States.

Our definition of poverty may have been compromised
because we used the US Census Bureau information, which
relies on income, and many older adults are retired. The
bureau was helpful, however, for defining location of all
patients with CAP. This study was primarily strengthened
by its comprehensiveness, which garnered all cases of
patients with CAP in a major metropolitan city for 2 years,
which increases the accuracy of the epidemiological find-
ings. This study was also strengthened by using social secu-
rity numbers to prevent counting patients twice. The short-
and long-term outcomes evaluated provide valuable infor-
mation for physicians and other healthcare providers when
admitting older adults to the hospital for CAP. This
becomes more relevant with an aging US population.

CONCLUSION

In conclusion, the incidence of older adults hospitalized for
CAP in the entire city of Louisville was 2093 per 100 000
population. It translates to nearly 1 million older adults in
the United States hospitalized with CAP per year, which is
higher than documented in recent years. Nearly one-third
of the CAP patients will die within 1 year. The burden of
CAP in older adults is substantial. Efforts to prevent CAP
and strategies to minimize its impact are needed to extend
life and decrease its burden.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Supplementary Table S1: The Incidence of Older
Adults Hospitalized With Community-Acquired Pneumonia
in Louisville, KY, for Specific Age Groups and the Esti-
mated Number of Patients in the United States.

Supplementary TableS2: The Positive Laboratory Test
Results and Their Respective Body Fluid Source Collected
per Standard of Care From Older Adults Admitted for
Community-Acquired Pneumonia.

Supplementary Figure S1: Mortality among patients
aged 65 years or older for specific age groups who were
hospitalized with community-acquired pneumonia; in-hos-
pital, 30-day, 6-month, and 1-year mortality rates are
given.
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