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Background
Pneumonia (with influenza) is the leading infectious dis-
ease cause of death in the United States and the sixth lead-

Abstract

Background: Patients hospitalized with community acquired pneumonia (CAP) have a substantial
risk of death, but there is evidence that adherence to certain processes of care, including antibiotic
administration within 8 hours, can decrease this risk. Although national mortality data shows blacks
have a substantially increased odds of death due to pneumonia as compared to whites previous
studies of short-term mortality have found decreased mortality for blacks. Therefore we examined
pneumonia-related processes of care and short-term mortality in a population of patients
hospitalized with CAP.

Methods: We reviewed the records of all identified Medicare beneficiaries hospitalized for
pneumonia between [0/1/1998 and 9/30/1999 at one of 101 Pennsylvania hospitals, and randomly
selected 60 patients at each hospital for inclusion. We reviewed the medical records to gather
process measures of quality, pneumonia severity and demographics. We used Medicare
administrative data to identify 30-day mortality. Because only a small proportion of the study
population was black, we included all 240 black patients and randomly selected 720 white patients
matched on age and gender. We performed a resampling of the white patients 10 times.

Results: Males were 43% of the cohort, and the median age was 76 years. After controlling for
potential confounders, blacks were less likely to receive antibiotics within 8 hours (odds ratio with
95% confidence interval 0.6, 0.4-0.97), but were as likely as whites to have blood cultures obtained
prior to receiving antibiotics (0.7, 0.3—1.5), to have oxygenation assessed within 24 hours of
presentation (1.6, 0.9-3.0), and to receive guideline concordant antibiotics (OR 0.9, 0.6—1.7). Black
patients had a trend towards decreased 30-day mortality (0.4, 0.2 to 1.0).

Conclusion: Although blacks were less likely to receive optimal care, our findings are consistent
with other studies that suggest better risk-adjusted survival among blacks than among whites.
Further study is needed to determine why this is the case.

ing cause of death overall [1] According to national
mortality data from the CDC blacks suffer disproportion-
ately from this disease, with blacks having a higher
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incidence of pneumonia and a 1.4 times higher age-
adjusted odds of death from pneumonia as compared to
non-Hispanic whites [1-4] In contrast several studies of
racial variations in short-term mortality have demon-
strated that black patients hospitalized with pneumonia
are less likely to die in the hospital than whites. [5,6]

As part of the Pneumonia Medical Quality Improvement
Study (MQIS) a national expert panel established a set of
process of care measures for patients hospitalized with
CAP [7] Several studies have demonstrated that some of
these processes of care, especially prompt antibiotic
administration within 4 or 8 hours of presentation, is
associated with decreased mortality for inpatients with
CAP [7-9] Although several studies have demonstrated
significant racial differences in pneumonia care no one
has examined whether there are racial variations in all of
these explicit processes of care for patients with CAP.
[5,6,10-13]

The aims of this paper are to 1) examine whether there are
significant racial differences in the processes of care that
have been associated with mortality for patients hospital-
ized with CAP, and 2) to examine the relative risks of
death within 30-days for blacks versus whites.

Methods

Study patients

KePRO, the Medicare Peer Review Organization for Penn-
sylvania, obtained these data as part of the Pneumonia
MQIS project, whose goals is to assess and improve the
quality of care for Medicare patients hospitalized with
CAP.

The study population was Medicare fee-for-service inpa-
tients hospitalized at participating hospitals in Pennsylva-
nia between 10/1/1998 and 9/30/1999. Inclusion criteria
included having a primary ICD-9 diagnosis of pneumonia
(480.0-483.99; 485-487.0), or a primary diagnosis of
respiratory failure (518.81) or sepsis (038. XX) with a sec-
ondary diagnosis of pneumonia. Only the first qualifying
discharge was considered for each patient.

Among the 204 hospitals functioning in PA during the
study period, 101 agreed to participate in this study. For
each hospital, a random sample of up to 60 discharges
with qualifying ICD-9 codes was selected. For hospitals
with fewer than 60 qualifying discharges, all charts were
selected. In most cases, chart review data was collected by
trained record abstractors either on site from the original
record, or from photocopies sent to the offices of the
Quality Improvement Organization. In two cases, data
were collected by the hospital's own staff using an
approved QIO data collection instrument (n = 2).

http://www.biomedcentral.com/1472-6963/4/20

Patients were excluded if they had no working diagnosis
of pneumonia on admission or received care limited to
comfort measures, left the hospital "against medical
advice", or were transferred from another acute care hos-
pital. Patients whose race was not white or black were also
excluded.

Data abstraction

Chart review data included demographics, comorbid con-
ditions, physical exam findings, laboratory data, and chest
radiograph information. In addition, data on important
processes of care for patients hospitalized with CAP were
obtained by chart abstraction. These processes of care
included: first antibiotics within 8 hours of admission,
collection of blood cultures prior to antibiotic administra-
tion, oxygen saturation measurement within 24 hours of
presentation, and concordance of antibiotic therapy with
national guidelines. [7]

After initial training the abstractors performed data collec-
tion on charts were assessed using gold-standard cases
that had been previously evaluated by multiple expert
abstractors. If the abstractors did not achieve 95% accu-
racy, they underwent further training until they had an
error rate of less than 5%. In addition, 10% of charts were
reabstracted during the review process to monitor the
accuracy of chart review. The error rate for these reab-
stracted charts remained less than 5%.

Risk adjustment

The pneumonia severity index (PSI) was used to assess
severity of illness at presentation [14] The PSI is a vali-
dated prediction rule for 30-day mortality in patients with
CAP. Patients are classified into one of five risk classes
based on three demographic characteristics, five comor-
bid illnesses, five physical examination findings, and
seven laboratory and radiographic findings at the time of
presentation. The PSI was developed and validated using
data from a large prospective cohort study, in which 30-
day mortality ranged from 0.1% for Class I to 27% for
Class V for patients. [14]

Sampling

Due to the relatively small number of black patients in the
cohort (n = 240) we performed a modified resampling
procedure of the white cohort with matching to the black
patients on age and gender [15] We included all black
patients in the study sample, and performed multiple
resampling of three white patients matched for age (< 65,
65-74,75-84, and > 85) and gender to each black patient
in the sample. Matching was used to filter out demo-
graphic imbalances between the populations. This resam-
pling was performed 10 times and the results were pooled
for analysis.
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Table I: Univariate characteristics of patients with community-acquired pneumonia by race

Number and % of Patients

White Black

Variable n = 720% % n =240 % p-value
Age 1.00
<65 132 18.3 44 18.3
65-74 189 26.3 63 26.3
75-84 255 354 85 354
>84 144 20.0 48 20.0
Gender
Male 312 433 104 433
Female 408 56.6 136 56.7
Length of Stay
1-2 days 63 88 23 9.6 0.663
3—6 days 375 522 6 483
7-13 days 220 30.6 76 31.7
>13 days 60 8.4 25 10.4
Nursing home resident 148 21.0 51 222 0.774
Pneumonia Severity Index 0.001
Il 280 39.0 68 28.8
v 296 41.2 97 41.1
\ 142 19.8 71 30.1
Comorbid conditions
Malignancy 57 8.0 28 12.2 0.073
Chronic renal disease 75 10.6 58 25.2 0.000
Liver disease 9 1.3 5 22 0.039
Congestive heart failure 199 20.0 80 349 0.057
History of stroke 105 14.9 55 239 0.002

*The average frequency over the |0 random samples

Statistical analyses

Univariate statistics were used to compare sociodemo-
graphic and clinical characteristics between white and
blacks patients. Categorical variables were analyzed using
the Chi-square test and continuous variables were ana-
lyzed using Student's t-test.

Separate discrete conditional logistic regression models
were estimated for each of the individual process of care
measures, and for 30-day mortality [16] The PSI score and
race were entered as independent variables into the mod-
els. In addition we assessed the significance of any clinical
variables not included in the PSI and significant at P <
0.10 into regression models using a step-wise forward
method. However none of these additional variables were
significant so they were excluded from the models. Inter-
actions terms were assessed for each of the models how-
ever none were statistically significant so they were not
included in any of the models.

Results

Of 4889 charts requested, the complete medical record
was available for 4823. Of these, 4034 patients, 240 of
whom were black, were eligible for inclusion in the study.
Patients were excluded because they were neither white or
black (N =231) or because they had no working diagnosis
of pneumonia on admission (n = 413), their care was
restricted to comfort measures (n = 173), they were trans-
ferred from another acute care facility (n = 37), or they left
"against medical advice" (n = 14).

For each of the ten resamplings 720 white patients were
sampled and matched to the 240 black patients based
upon the age and gender as previously discussed. The clin-
ical and demographic characteristics of the study popula-
tion are presented in Table 1. For our analysis of racial
differences in care, the age and gender distribution of the
whites was similar to that of the blacks because of our
matching strategy. However, blacks continued to have
higher PSI scores, indicating greater severity of illness, as
well as more commonly having each of the comorbid con-
ditions (malignancy, chronic renal disease, liver disease,
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Results of regression analysis for race with the
dependent variable initial antibiotics within 8 hours.
Forest plot demonstrating the results of the 10 individual
conditional logistic regressions models for the dependent
variable initial antibiotics within 8 hours after adjusting for
severity of illness using the PSI. The presented relative risk
with 95% confidence intervals is for the independent variable
race (dichotomized into black versus white).

congestive heart failure and history of stroke) that contrib-
ute to the PSI. There were no other statistically significant
differences between the two groups.

In univariate analysis mortality at 30-days was 7.8% for
whites and 5.8% for blacks (p = 0.3), and 82.1% of whites
received antibiotics within 8 hours as compared to 75.7%
of blacks (p = 0.04). Regarding blood culture perform-
ance, 96.4% of white and 97.1% of blacks had blood cul-
tures obtained within 24 hours, and 84.8% of whites and
77.8% of blacks had blood cultures obtained prior to anti-
biotics (p = 0.03). Oxygenation saturation was assessed
within 4 hours of 88.9% of whites and 93.9% of blacks (p
=0.03).

Figures 1 through 5 are forest plots that demonstrate the
effect of race on the dependent variables. These plots
show each of the 10 samplings and the results of the
pooled analysis. These figures demonstrate the significant
variability between the random samples for the different
dependent measures.

In the regression models, after adjusting for severity of ill-
ness with the PSI, black patients were significantly less
likely to receive antibiotics within 8 hours with an odds

http://www.biomedcentral.com/1472-6963/4/20

1 L
- i
3 -
£ ] o
g =
£ o =
° -
¢ ] =
[id
9 j [
10 o ED
0.69 1.00
Risk Ratio: Black vs. White (log scale)
Figure 2

Results of regression analysis for race with the
dependent variable obtaining blood cultures prior to
initial antibiotic dose. Forest plot demonstrating the
results of the 10 individual conditional logistic regressions
models for the dependent variable blood cultures obtained
prior to initial antibiotic dose after adjusting for severity of
iliness using the PSI. The presented relative risk with 95%
confidence intervals is for the independent variable race
(dichotomized into black versus white).

ratio (OR) of 0.63 and 95% confidence interval (CI) of
0.41 to 0.97. Black patients also had a trend towards
decreased all-cause mortality at 30-day with an OR of 0.4
and 95% CI of 0.16 to 1.0. There were no significant dif-
ferences between whites and blacks in regards to obtain-
ing blood cultures prior to antibiotics (OR 0.69, 95% CI
0.32-1.47), oxygenation assessment within 24 hours (OR
1.61, 95% CI 0.85-3.04), or use of guideline concordant
antibiotics (OR 0.86, 95% CI 0.62-1.71).

Discussion

This study found significant racial differences in an
important process of care for patients with CAP, specifi-
cally time to antibiotic administration. Our results sup-
port the previous studies of racial variation in pneumonia
care which demonstrated racial variations in care for
patients hospitalized with community-acquired pneumo-
nia. [10-13]

Our study also suggests that these variations may have
clinically important outcomes since the process measures
used to assess quality of care in this study have been pre-
viously associated with increased 30-day mortality. [7-9]
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Figure 3

Results of regression analysis for race with the
dependent variable assessment of oxygen saturation
within 24 hours. Forest plot demonstrating the results of
the 10 individual conditional logistic regressions models for
the dependent variable assessing oxygen saturation within 24
hours after adjusting for severity of illness using the PSI. The
presented relative risk with 95% confidence intervals is for
the independent variable race (dichotomized into black ver-
sus white).
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Figure 4

Results of regression analysis for race with the
dependent variable use of guideline-concordant anti-
biotics. Forest plot demonstrating the results of the 10 indi-
vidual conditional logistic regressions models for the
dependent variable use of guideline-concordant antibiotics
after adjusting for severity of illness using the PSI. The pre-
sented relative risk with 95% confidence intervals is for the
independent variable race (dichotomized into black versus
white).

Our study is also consistent with previous studies which
found that blacks hospitalized with CAP have lower short-
term mortality rates as compared to do whites [5,6] It is
unclear why this would be the case. Possible explanations
include confounders that we were not able to control for,
or other important factors, which were not examined that
may significantly vary by race such as sociodemographic
characteristics or differences in immune response.

Racial variations in CAP are important to assess since
unlike coronary artery bypass surgery, hemodialysis, and
many other conditions that have been studied, the inpa-
tient treatment of CAP is largely outside of the control of
the patient. Although the patient has input into being
admitted to the hospital, after that point the patient has
little input into the processes of care such as choice and
timing of antibiotics, diagnostic testing or location of
care. This has several advantages in studies where
researchers seek to determine if racial differences in care
reflect patient preferences, provider decisions or some
negotiation between them.

There are several possible explanations for our findings of
racial variations in these processes of care. Besides the

obvious conclusion that there may be biases that affect
care there are several other possible factors that may be
responsible that we are not able to examine. One possible
factor is that there are geographic or other factors that
results in blacks presenting for admission at hospitals
with overall lower quality of care for patients with CAP.
Although we were not able to control for this factor other
studies have suggested that the reverse is usually true.
[11,13] That is, minorities are more likely than whites to
receive their care at tertiary teaching hospitals, which on
average provide superior care as compared to other hospi-
tals. [12,17]

To attempt to adjust for imbalances between black and
white patients we used a modified resampling technique
to generate 10 samples of white patients, which were
matched to the black population. We then pooled these
results over the 10 samples. This approach allowed us to
obtain a more robust estimate of the effect racial variation
may have on mortality and processes of care then would
be obtained from a single random matched sample [15]
Interestingly it also demonstrates the potential biases that
may be present if only a single sampling is performed for
a matched analysis. The forest plots (figures 1,2,3,4,5)
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Results of regression analysis for race with the
dependent variable mortality at 30-days. Forest plot
demonstrating the results of the |10 individual conditional
logistic regressions models for the dependent variable all-
cause mortality at 30-days after adjusting for severity of ill-
ness using the PSI. The presented relative risk with 95% con-
fidence intervals is for the independent variable race
(dichotomized into black versus white).

demonstrate that for some individual samples obtained
significantly different results than the pooled analysis. We
feel that this technique strengthens our demonstrated
results.

There are several limitations that should be acknowl-
edged. First we did not have information on the physi-
cians, hospitals, or the geographic locations of the
providers so we were not able to adjust for clustering.
Second our study was limited to Medicare patients hospi-
talized in Pennsylvania. It will also be important to exam-
ine whether patients with other types of insurance, such as
Medicaid and managed care, and from other states have
similar outcomes. In addition we were also unable to
assess the robustness of our analysis using traditional
techniques such as model cross validation on a new inde-
pendent sample, or by randomly subdividing our current
sample into a training and test samples, due to our small
sample size. However we do have quasi-replication, at
least in the white sample, by the multiple sampling that
we performed. Finally we were unable to adjust for poten-
tial bias in pulse oximetry since this is a retrospective
study. However recent work [18,19] questions the idea
that pulse oximetry does not perform as well in those with
increase pigmentation as compared to those with lighter
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pigmentation. Therefore we feel that it is unlikely that this
would systematically bias the results of our study.

Conclusions

Despite these limitations, we believe our results, and the
results of other studies, allow us to conclude that blacks
are less likely than whites to have processes of care that are
considered to represent superior quality of CAP care.
Despite this, blacks with CAP have similar, and perhaps
lower mortality than whites. Further research should both
investigate how to make sure all patients receive optimal
CAP care, and identify the factors responsible for the par-
adoxical advantage in survival that is seen among blacks.
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