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Background: Early studies of community-acquired pneumonia showed that nonsurvivors had
higher blood urea nitrogen levels and lower serum albumin levels than survivors. Therefore,
elevation of the blood urea nitrogen to serum albumin (B/A) ratio may identify patients with
community-acquired pneumonia who are becoming critically ill. This study investigated the
correlation between commonly used laboratory markers, in particular the B/A ratio, and clinical
outcomes of community-acquired pneumonia.

Methods: This observational study was performed in consecutive patients with community-
acquired pneumonia admitted to our hospital over a period of one year. Blood counts, commonly
used laboratory markers, microbiological tests, and calculation of Pneumonia Severity Index
(PSI) and CURB-65 were done on admission. The endpoints were mortality within 28 days of
admission and requirement for intensive care.

Results: One hundred and seventy-five patients with community-acquired pneumonia were
enrolled. Nineteen patients died within 28 days of admission and 29 patients required inten-
sive care. Using multivariate analysis, independent factors associated with mortality were the
requirement for intensive care (odds ratio [OR] 14.96, 95% confidence interval [CI] 3.73-60.03,
P < 0.001), PSI class (OR 3.55, 95% CI 1.08-11.66, P =0.037), and B/A ratio (OR 1.10, 95%
CI 1.01-1.20, P = 0.037). Similarly, independent factors associated with need for intensive
care were PSI class (OR 5.35, 95% CI 1.90-15.06, P = 0.002), CURB-65 (OR 2.37, 95% CI
1.26-4.45, P=0.007), and B/A ratio (OR 1.27, 95% CI 1.09-1.47, P = 0.002).

Conclusion: The B/A ratio is a simple but independent predictor of mortality and severity of
community-acquired pneumonia.

Keywords: blood urea nitrogen to serum albumin ratio, Pneumonia Severity Index, CURB-65,

community-acquired pneumonia, mortality, severity

Introduction

Community-acquired pneumonia (CAP) is a serious illness and a common cause of
death. Many clinicians are concerned about the severity of CAP and its associated
mortality. The Pneumonia Patients Outcome Research Team score was introduced in
1997 to assess the severity of CAP after a study including more than 50,000 patients.'
Established by the American Thoracic Society/Infectious Diseases Society of America,
this scoring system is called the Pneumonia Severity Index (PSI) and is the recom-
mended severity scoring system for CAP. More simple severity scores for CAP, such
as CURB-65, have also been documented.? CURB-65 is a five-point scoring system
for CAP, recommended by the British Thoracic Society, and includes confusion,
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urea > 7 mmol/L (20 mg/dL), respiratory rate = 30 breaths
per minute, low blood pressure, and age = 65 years.
However, these scoring systems may be affected by subjec-
tivity on the part of the individual clinician. For example,
it is often difficult for clinicians to evaluate the mental
status of patients with CAP who have dementia or those of
advanced age, so the severity score may vary from clinician
to clinician.’*

In contrast, certain serum biomarkers have been reported
to predict mortality and to indicate the severity of CAP.
These include inflammatory biomarkers, such as C-reactive
protein®~’ and procalcitonin,®!! both of which are correlated
with mortality and severity of CAP. Of the commonly used
laboratory biomarkers, earlier studies showed that nonsurvi-
vors of CAP had higher blood urea nitrogen levels®!>!3 and
lower serum albumin levels®!'*!* than survivors. Therefore,
we hypothesized that the blood urea nitrogen to serum
albumin (B/A) ratio may be elevated in critically ill patients
with CAP and be correlated with mortality or severity of
CAP. In this single-center, prospective, observational study,
we investigated the relationship between commonly used
laboratory markers, especially the B/A ratio, and the clinical
outcomes of CAP.

Materials and methods

Patients

Patients with CAP consecutively admitted to Ichinomiya-
Nishi Hospital (a 400-bed teaching hospital, Ichinomiya
City, Aichi, Japan) from January to December 2011 were
enrolled in this study. CAP was diagnosed in patients
aged = 18 years who were admitted from the community,
did not have any antibiotic exposure during the 14 days
prior to enrollment, presented with a new radiographic
infiltrate, and showed at least two compatible clinical
symptoms (eg, body temperature > 38°C, productive cough,
chest pain, shortness of breath, crackles on auscultation).
Patients were excluded if they had been hospitalized in
the 90 days before the start of the study, if they were
chronically immunosuppressed (ie, chemotherapy, human
immunodeficiency virus infection, therapy with =20 mg
prednisone or equivalent, other immunosuppressive
therapy), if they had advanced liver disease, or if they
had received hemodialysis or had a serum creatinine
level = 1.5 mg/dL due to chronic kidney disease. The study
was approved by the ethics committee of our hospital, and
informed consent was obtained from all patients according
to the hospital’s guidelines.

Methods and endpoints

Venous blood samples were obtained from the patients
on admission. Measurements of blood counts and serum
biochemical markers (ie, blood urea nitrogen, albumin,
glucose, creatinine, sodium, C-reactive protein) were
performed immediately after sampling. Blood urea nitro-
gen was measured using an enzymatic method with urease
and glutamate dehydrogenase (Shino-Test Corporation,
Tokyo, Japan). Serum albumin and C-reactive protein
levels were measured using the bromocresol green method
(Shino-Test Corporation) and latex coagulating nephelo-
metric assay (Nittobo Medical, Tokyo, Japan), respectively.
Other biochemical markers were assayed using standard
methods.

PSI' and CURB-65? were calculated for all participants
on admission. Microbiological sputum examination and
urinary antigen tests for Streptococcus pneumoniae (Binax
Inc, Portland, ME) and Legionella pneumophila serogroup 1
(Binax Inc) were done on admission. The choice of antibi-
otic regimen was made according to the guideline for CAP
proposed by the Japanese Respiratory Society. The endpoints
of this study were mortality within 28 days of admission and
requirement for intensive care, defined as a need for mechani-
cal ventilation or vasopressor therapy for septic shock.

Statistical analysis

The data are expressed as the number or median (25th—75th
range). Differences between the two groups were tested
using the nonparametric Mann-Whitney U test for continuous
variables and Fisher’s Exact test for categorical variables.
Multiple logistic regression analysis was performed to assess
the independent association between each factor and mortal-
ity within 28 days of admission or need for intensive care. The
results are expressed as odds ratios (OR) and 95% confidence
intervals (CI). Variables significantly associated with mortal-
ity or need for intensive care at the 0.20 level in univariate
analysis were considered in a multivariate backward analysis.
Analysis of a receiver-operating characteristic curve was
performed to identify the best cutoff value to predict mortality
and need for intensive care. A probability value < 0.05 was
considered to be statistically significant.

Results

Patient population

During the study period, a total of 213 patients with CAP
were admitted. Of these patients, 38 were excluded because
of hospitalization in the previous 90 days (n = 25), chronic
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kidney disease (n = 9), and immunosuppression (n = 4).
Finally, 175 patients were enrolled in the study. Causative
pathogens were detected in 68 patients (38.9%) and are
listed in Table 1. The most frequently detected pathogen was
Streptococcus pneumoniae (n =25, 14.3%). Patient charac-
teristics are shown in Table 2. Nineteen patients (10.9%) died
within 28 days of admission and 29 patients (16.6%) needed
intensive care. The cause of mortality was respiratory failure
in all deceased patients.

Factors associated with mortality

A comparison of characteristics between deceased and
surviving patients is shown in Table 3. Deceased patients
were more likely to be of advanced age, to require intensive
care, to be categorized into a high PSI class, and to have a
high CURB-65 score. Of the commonly used laboratory
biomarkers, the deceased patients had higher serum sodium
and blood urea nitrogen levels, a higher B/A ratio, and lower
serum albumin levels than did surviving patients. Conversely,
the serum C-reactive protein level did not differ significantly
between the two groups. The results of multivariate analysis
for mortality are shown in Table 4. Factors independently
associated with mortality were need for intensive care (OR
14.96, 95% C13.73-60.03, P < 0.001), PSI class (OR 3.55,
95% CI 1.08-11.66, P = 0.037), and B/A ratio (OR 1.10,
95% CI 1.01-1.20, P = 0.037). Conversely, there was no
significant association between CURB-65 and mortality (OR
1.83,95% CI 0.96-3.50, P = 0.067).

Factors associated with need

for intensive care
A comparison of characteristics for patients with and without
intensive care is shown in Table 5. Patients who required

Table | Causative pathogens

Micro-organism n
Streptococcus pneumoniae 25 (14.3)
Klebsiella pneumoniae 11 (6.3)
Pseudomonas aeruginosa 9 (5.1)
Staphylococcus species 7 (4.0)
MRSA 6 (3.4)
Haemophilus influenzae 4(2.3)
Escherichia coli 2 (1.1)
Proteus mirabilis 1 (0.6)
Legionella pneumophila 1 (0.6)
Moraxella catarrhalis 1 (0.6)
Stenotrophomonas maltophilia 1 (0.6)
Unknown 107 (61.1)

Note: Data are expressed as number (%).
Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.

Table 2 Baseline characteristics of enrolled patients

Characteristics Values
Total 175
Age, years 81 (74-87)
Male patients 98 (56.0)
Identification of pathogen 68 (38.9)
Death within 28 days 19 (10.9)
Intensive care requirement 29 (16.6)
Coexisting illnesses

Chronic lung disease 20 (11.4)

Diabetes mellitus 30 (17.1)

Heart failure 29 (16.6)

Neoplastic disease 3(1.7)
PSI class

| 7 (4.0)

2 12 (6.9)

3 41 (234)

4 77 (44.0)

5 38 (21.7)
CURB-65

0-1 45 (25.7)

2 59 (33.7)

>3 71 (40.6)
Leukocyte count, 10° cells/L 10.7 (7.7-13.2)

Hematocrit, % 37.4 (34.4-40.5)

C-reactive protein, mg/dL 12.35 (6.30-18.80)

Sodium, mEq/L 139 (137-142)
Glucose, mg/dL 130 (107-161)
Creatinine, mg/dL 0.76 (0.62—1.05)
Blood urea nitrogen, mg/dL 20.0 (14.7-29.1)
Albumin, g/dL 3.7 (3.34.0)
B/A ratio, mg/g 5.61 (3.90-8.41)

Note: Data are expressed as number (%) or median (25th—75th percentile).
Abbreviations: PSI, Pneumonia Severity Index; B/A ratio, blood urea nitrogen to
serum albumin ratio.

intensive care were more likely to be of advanced age, to have
coexisting illness, to be categorized into a high PSI class,
and to have a high CURB-65 score. Of the commonly used
laboratory biomarkers, patients who required intensive care
had higher serum sodium and blood urea nitrogen levels, a
higher B/A ratio, and a lower serum albumin level than those
who did not require intensive care. Conversely, the serum
C-reactive protein level did not differ significantly between
the two groups. The results of multivariate analysis of need
for intensive care are presented in Table 6. Independent fac-
tors associated with need for intensive care were PSI class
(OR 5.35, 95% CI 1.90-15.06, P = 0.002), CURB-65 (OR
2.37,95% CI11.26-4.45, P=0.007), and B/A ratio (OR 1.27,
95% CI11.09-1.47, P =0.002).

Optimal cutoff value of B/A ratio
The receiver-operating characteristic curve for predicting
mortality within 28 days from admission is shown in Figure 1.
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Table 3 Comparison of characteristics between deceased and surviving patients with CAP

Deceased (n = 19) Surviving (n = 156) P value
Age, years 84 (81.5-92.5) 80 (72.75-87) 0.013
Male patients 7 (36.8) 91 (58.3) 0.089
Identification of pathogen 10 (52.6) 58 (37.2) 0.218
Intensive care requirement 15 (78.9) 14 (9.0) <0.001
Coexisting illness 12 (63.2) 62 (39.7) 0.083
PSI class 5 (4.5-5) 4(34) <0.001
CURB-65 4 (3-4) 2 (1-3) <0.001
Leukocyte count, 107 cells/L 9.9 (7.7-15.3) 1.1 (7.7-13.2) 0.685
Hematocrit, % 37.7 (33.7-39.7) 37.4 (34.6-40.5) 0.863
C-reactive protein, mg/dL 12.86 (7.05-23.52) 12.18 (6.03-18.70) 0.446
Sodium, mEg/L 143 (137.5-156) 139 (136—141) 0.008
Glucose, mg/dL 141 (108-166) 130 (107-158.5) 0.725
Creatinine, mg/dL 0.88 (0.63—1.40) 0.75 (0.62-0.99) 0.316
Blood urea nitrogen, mg/dL 39.8 (25.4-72.6) 18.9 (14.3-26.3) 0.001
Albumin, g/dL 3.2 (3.1-3.5) 3.7 3.44.0) 0.001
B/A ratio, mg/g 12.77 (8.19-20.53) 5.26 (3.84-7.46) <0.001

Note: Data are expressed as number (%) or median (25th—75th range).

Abbreviations: CAP, community acquired pneumonia; PSI, Pneumonia Severity Index;

The area under the curve (AUC) was 0.83 for B/A ratio (95%
CI 0.73-0.94), 0.82 for PSI class (95% C1 0.73-0.91), 0.81
for CURB-65 (95% CI 0.71-0.91), and 0.55 for C-reactive
protein (95% CI 0.41-0.69). Similarly, the receiver-operating
characteristic curve for predicting need for intensive care is
shown in Figure 2. The AUC was 0.86 for the B/A ratio (95%
CI 0.79-0.94), 0.86 for PSI class (95% CI 0.79-0.93), 0.84
for CURB-65 (95% CI 0.77-0.91), and 0.58 for C-reactive
protein (95% CI 0.46-0.71). The sensitivities, specifici-
ties, and positive and negative predictive values of the B/A
ratio for mortality and need for intensive care are presented
in Table 7. The optimal cutoff value of the B/A ratio for
predicting mortality was 12.44 mg/g, with a sensitivity of
57.9%, specificity of 94.5%, a positive predictive value of
57.9%, and a negative predictive value of 94.5%. Similarly,
the optimal cutoff value for the B/A ratio predicting the need
for intensive care was 9.85 mg/g, with a sensitivity of 62.1%,

Table 4 Multivariate analysis for mortality within 28 days from

admission
OR (95% CI) P value

Age 1.02 (0.94-1.12) 0.612
Intensive care requirement 14.96 (3.73-60.03) <0.001
PSI class 3.55 (1.08-11.66) 0.037
CURB-65 1.83 (0.96-3.50) 0.067
Sodium 1.02 (0.96-1.08) 0.621
Blood urea nitrogen 1.02 (0.99-1.05) 0.098
Albumin 0.41 (0.11-1.48) 0.176
B/A ratio 1.10 (1.01-1.20) 0.037

Abbreviations: Cl, confidence interval; OR, odds ratio; PSI, Pneumonia Severity
Index; B/A ratio, blood urea nitrogen to serum albumin ratio.

B/A ratio, blood urea nitrogen to serum albumin ratio.

specificity of 91.8%, a positive predictive value of 60.0%,
and a negative predictive value of 92.4%.

Discussion

In this CAP study, we demonstrated that the B/A ratio was an
independent risk factor for mortality within 28 days of admis-
sion and requirement for intensive care, and that the serum
C-reactive protein level on admission had little predictive
value regarding the severity or likelihood of mortality from
the illness.

Serum albumin plays an important role in maintaining
physiological homeostasis, including maintenance of normal
colloid osmotic pressure, transport of endogenous compounds,
and scavenging of oxidizing agents.'® Although malnutrition
can decrease serum albumin levels, there is growing evidence
that the systemic inflammatory response can have the same
effect.’1® A study in rats showed that even in well-fed animals,
serum albumin concentration and liver albumin mRNA levels
were markedly decreased during inflammation.!” However,
the hydration status of patients should be considered when
evaluating the results of blood investigations, because water
deficiency develops rapidly and insidiously in patients with
pneumonia.? In the dehydrated condition, reabsorption of urea
by the kidneys is increased, so elevation of blood urea nitrogen
levels is frequently observed.?' Therefore, the B/A ratio is
associated with critical illness. Consistent with our present
study, earlier studies have shown that nonsurvivors of CAP
have significantly higher blood urea nitrogen levels>'*!* and
lower serum albumin levels®!*!° than survivors. According to
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Table 5 Comparison of characteristics between patients with and without intensive care

IC requirement (n = 29) No requirement (n = 146) P value
Age, years 83 (82-90) 80 (72-87) 0.005
Male patients 14 (48.3) 84 (57.5) 0.415
Identification of pathogen 13 (44.8) 55 (37.6) 0.533
Coexisting illness 18 (62.0) 56 (38.4) 0.023
PSI class 5 (5-5) 4 (34) <0.001
CURB-65 3(34) 2 (1-3) <0.001
Leukocyte count, 107 cells/L 11.6 (7.7-16.2) 10.7 (7.7-13.1) 0.362
Hematocrit, % 36.7 (32.0-38.9) 37.5 (34.6-40.5) 0.369
C-reactive protein, mg/dL 12.76 (7.06-25.76) 12.09 (6.11-18.06) 0.152
Sodium, mEq/L 142 (138-149) 139 (136-141) 0.004
Glucose, mg/dL 132 (105-178) 130 (107-157) 0.738
Creatinine, mg/dL 0.92 (0.63-1.23) 0.73 (0.61-0.96) 0.106
Blood urea nitrogen, mg/dL 39.6 (26.3-63.3) 18.2 (14.0-24.6) <0.001
Albumin, g/dL 3.3 (3.0-3.6) 3.8 (3.44.1) 0.001
B/A ratio, mg/g 12.44 (8.15-18.09) 5.09 (3.57-7.07) <0.001

Note: Data are expressed as number (%) or median (25th—75th range).

Abbreviations: IC, intensive care; PSI, Pneumonia Severity Index; B/A ratio, blood urea nitrogen to serum albumin ratio.

our current study, the B/A ratio is more accurate for predicting
mortality and severity of CAP than serum albumin or blood
urea nitrogen levels alone.

PSI includes patient characteristics, comorbid illnesses,
findings of physical examination, radiographic findings, and
laboratory results.! Although the PSI has been shown to
perform consistently well as a predictor of CAP mortality,
it may be complex to calculate and difficult to implement in
routine clinical practice.?? Therefore, other simple indicators
that perform as well as PSI should be considered in CAP.
CURB-65 is a simple and widely used severity scoring
system for CAP.* However, these scoring systems have some
weak points. First, among older patients, it is difficult for
clinicians to evaluate a change in mental status due to pneu-
monia.* Second, these scoring systems can underestimate
the potential severity of CAP in young patients.?

Of the laboratory biomarkers, some reports indicate that
several serum markers such as procalcitonin,®'** D-dimer,*

Table 6 Multivariate analysis for intensive care requirement

OR (95% CI) P value
Age 1.02 (0.95-1.10) 0.558
Coexisting illness 1.72 (0.57-5.13) 0.333
PSI class 5.35 (1.90-15.06) 0.002
CURB-65 2.37 (1.26-4.45) 0.007
Sodium 1.03 (0.96—1.10) 0.393
Blood urea nitrogen 1.04 (0.99-1.08) 0.063
Albumin 0.40 (0.12—1.39) 0.149
B/A ratio 1.27 (1.09-1.47) 0.002

Abbreviations: Cl, confidence interval; OR, odds ratio; PSI, Pneumonia Severity
Index; B/A ratio, blood urea nitrogen to serum albumin ratio.

cortisol,* B-type natriuretic peptide,”’ and mid-regional
proatrial natriuretic peptide?®® correlate well with mortal-
ity and severity of CAP. However, use of these parameters
routinely in patients with CAP is difficult because of cost
or the retrospective nature of results. In our present study,
we found a significant and independent positive correlation
between B/A ratio and mortality or severity of CAP. Both
serum biochemical markers, ie, blood urea nitrogen and
albumin, are commonly used and can be measured quickly.
Thus, our study suggests that the B/A ratio on admission
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Figure 1 Analysis of receiver-operating characteristics curve for predicting
mortality. The area under the curve was 0.83 for B/A ratio, 0.82 for PSI class, 0.81
for CURB-65, and 0.55 for CRP.

Abbreviations: B/A ratio, blood urea nitrogen to serum albumin ratio; PSI, Pneumonia
severity index; CRP, C-reactive protein.
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Figure 2 Analysis of receiver-operating characteristics curve for predicting need for
intensive care. The area under the curve was 0.86 for B/A ratio, 0.86 for PSI class,
0.84 for CURB-65, and 0.58 for CRP.

Abbreviations: B/A ratio, blood urea nitrogen to serum albumin ratio; PSI,
Pneumonia severity index; CRP, C-reactive protein.

can be a rapid, simple, and reliable prognostic and severity
indicator for CAP.

C-reactive protein is an acute phase protein synthesized
in the liver in response to inflammation induced by various
causes,” and is widely used to evaluate the strength of the
systemic inflammatory response. Chalmers et al showed that
low initial serum C-reactive protein levels indicated a good
prognosis in CAP” However, several studies have shown
that serum C-reactive protein levels on admission have little
predictive value for mortality or severity of CAP, which is
consistent with our study.'®® Instead of the initial serum
C-reactive protein level at presentation, the subsequent decline
in serum C-reactive protein level after admission has a more
significant relationship with clinical outcome in patients with

Table 7 Predictive validity of different cutoff values for mortality
and intensive care requirement

B/A ratio Sensitivity Specificity PPV NPV
(%) (%) (%) (%)
Mortality
>7.5 mglg 789 75.6 28.3 96.7
>10.0 mglg 57.9 88.5 379 94.5
>12.5 mglg 526 94.9 55.6 94.3
>15.0 mglg 42.1 97.4 66.7 93.3
Intensive care requirement
>7.5 mglg 79.3 79.5 43.4 95.1
>10.0 mg/g 58.6 91.8 58.6 91.8
>12.5 mglg 48.3 97.3 77.8 90.4
>15.0 mg/g 34.5 98.6 83.3 88.3

Abbreviations: B/A ratio, blood urea nitrogen to serum albumin ratio; PPV,
positive predictive value; NPV, negative predictive value.

CAP3>631 Coelho et al showed that a high value of day 3 serum
C-reactive protein level (and not initial C-reactive protein
level) indicated a high mortality rate in severe CAP because
it indicates treatment failure.® Thus, in conclusion, the serum
C-reactive protein level reflects the strength of the inflamma-
tory response rather than the general condition of the patient.
This parameter differs greatly from the B/A ratio. Therefore,
it is difficult to predict the mortality or severity of CAP by
evaluating the serum C-reactive protein level only once.

We should mention that our current study has several limi-
tations. First, this study cohort included a limited number of
patients because it was a single-center, one-year, prospective
observational study. To demonstrate the clinical significance
of the B/A ratio on admission for CAP, additional studies
including large numbers of patients are needed. Second, most
of our study cohort were of advanced age. Therefore, our
mortality rate may be higher compared with other earlier CAP
studies. Although age was not an independent factor associ-
ated with mortality or need for intensive care by multivariate
analysis, to evaluate the clinical significance of B/A ratio
on admission in CAP, additional studies including younger
patients with CAP are needed. Third, we did not measure the
serum procalcitonin level, which is reported to be a useful
predictive prognostic biomarker in CAP. In earlier studies of
serum procalcitonin levels on admission, the values of the
area under the receiver operating characteristics curve for
mortality of CAP ranged from 0.60 to 0.82.59323 In contrast,
our current study of the B/A ratio on admission showed that
the value of this curve for mortality within 28 days from
admission was 0.83. Although it is difficult to compare dif-
ferent populations, the B/A ratio on admission seems to be
comparable with the serum procalcitonin level in its ability
to predict mortality from CAP.

In conclusion, the B/A ratio on admission is a simple
but reliable predictor of severity and mortality from CAP.
A higher B/A ratio on admission predicts a high mortality
rate and a high probability of a need for intensive care in
patients with CAP.
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