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Procalcitonin is not an independent
predictor of 30-day mortality, albeit
predicts pneumonia severity in patients
with pneumonia acquired outside the
hospital
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Abstract

Background: Procalcitonin (PCT) is a useful marker for pneumonia. However, its clinical usefulness in elderly patients
has not been studied extensively. This study aimed to assess the relationship between PCT and prognosis and
pneumonia severity in elderly patients with pneumonia acquired outside the hospital.

Methods: Data considered relevant to pneumonia severity and prognosis were retrospectively obtained from
clinical charts of all patients with pneumonia who were admitted to our hospital from 2010 to 2017. The
primary outcome was 30-day mortality in elderly patients (aged ≥75 years), and the relationship between PCT
levels and pneumonia severity, as determined by the pneumonia severity index (PSI) was also examined.

Results: Data were collected from 667 patients, of which 436 were elderly patients. Multivariate and receiver
operating characteristic curve analysis revealed that albumin, body mass index, and PSI class rather than PCT
are important factors related to 30-day mortality in elderly patients. PCT was also not an independent prognostic factor
in younger patients. PCT levels significantly differed by pneumonia severity (mild, moderate, and severe) in both
younger (p < 0.001) and elderly (p < 0.0001) patients, with levels increasing as severity increased. In contrast, C-reactive
protein (CRP) levels and white blood cell counts did not significantly differ by pneumonia severity in younger
and elderly patients. A subgroup analysis focused on Streptococcus pneumoniae pneumonia revealed that PCT
levels differed by severity in elderly patients (p = 0.03), with levels increasing as severity increased.

Conclusion: PCT was not an independent predictor of 30-day mortality in both of elderly and younger
patients. PCT levels, but not CRP levels, significantly increased with increasing pneumonia severity in younger
and elderly patients, although the degree of increase tended to be lower in elderly patients compared to
younger patients for the same severity. PCT levels also significantly increased with increasing pneumonia
severity in elderly patients with Streptococcus pneumoniae pneumonia.
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Background
Community-acquired pneumonia (CAP) is a prominent
cause of morbidity and mortality throughout the world
[1]. Procalcitonin (PCT) can be used as a marker to dif-
ferentiate bacterial infection from other non-bacterial in-
fections or non-infectious inflammation [2–4]. Many
investigators have reported the clinical usefulness of
PCT for assessing the severity of pneumonia or patho-
gen involved, and for guiding antibiotic use [5–7]. Eld-
erly patients, although representing the large majority of
cases of CAP admitted to acute-care hospital wards, are
often excluded from clinical studies due to the possible
presence of multiple confounders. Although pneumonia
occurs mainly in the elderly, the usefulness or clinical
significance of PCT in these patients has not been stud-
ied extensively. While some studies have reported that
PCT levels do not elevate according to the severity in
elderly patients [8, 9], others have argued that PCT is
useful for predicting the severity of CAP [10, 11].
To date, many studies have reported various prognos-

tic factors for CAP, including the pneumonia severity
index (PSI) [12–16], PCT [6, 17–26], albumin [27–30],
body mass index (BMI) [27, 31], and brain natriuretic
peptide (BNP) or N-terminal-proBNP (NT-proBNP) [32,
33]. However, only a few studies have assessed the role
of PCT as a prognostic factor in elderly pneumonia pa-
tients. The present study aimed to assess the relationship
between PCT levels and 30-day mortality and pneumo-
nia severity in elderly patients (aged ≥75 years) with
pneumonia acquired outside the hospital.

Methods
Clinical charts of all consecutive patients admitted to our
hospital from October 2010 to July 2017 with primary
diagnoses of CAP and healthcare-associated pneumonia
(HCAP) were retrospectively reviewed. We enrolled pa-
tients in the study with the same method as we previously
reported [34], except for those with HCAP. HCAP in-
cluded any patients who (1) were hospitalized in an acute
care hospital for two or more days within the past 90 days,
(2) resided in a nursing home or long-term care facility, or
(3) continuously visited a hospital or hemodialysis clinic
for intravenous antibiotic therapy, chemotherapy, or
hemodialysis [35]. Data on admission considered related
to pneumonia severity and prognosis were examined, in-
cluding age, sex, category of pneumonia occurring outside
the hospital (CAP or HCAP), PSI class, comorbidities,
BMI, serum albumin, C-reactive protein (CRP), PCT and
blood urea nitrogen (BUN) levels, and white blood cell
(WBC) count. As for comorbidities, Charlson comorbidity
index [36] was also obtained.
Serum PCT levels were determined by chemilumines-

cence enzyme immunoassay (SphereLight BRAHMS PCT,
Wako Pure Chemical Industries, Ltd., Osaka, Japan). The

PCT assay has a detection limit of 0.05 ng/mL. When
serum PCT levels were under the detection limit, they
were assigned a value of 0.05 ng/mL. Serum albumin, CRP
and BUN levels were measured with improved bromocre-
sol purple method, latex-turbidimetry and enzymatic
method (urease-glutamate dehydrogenase), respectively,
using auto-analyzer BioMajesty™ JCA-BM6050 (japan
electron optics laboratory co ltd, Tokyo, Japan).
Microbiologic examinations performed were the same

as our previous study [34].
The primary outcome was the relationship between

PCT levels and 30-day mortality. In addition, we also in-
vestigated the relationship between PCT levels and pneu-
monia severity determined by PSI in younger (age ≤ 74
years) and elderly (age ≥ 75 years) patients, respectively.
Pneumonia severity was determined by PSI as follows: PSI
class I – III =mild, PSI class IV =moderate, PSI class V =
severe. We also compared PCT levels for each pneumonia
severity between younger and elderly patients.
At first, we checked normality of data distribution using

Shapiro-Wilk test, which revealed that all data examined
did not show normal distribution. Therefore, data were
expressed as median (1st quartile, 3rd quartile). Relation-
ship between PCT levels and 30-day mortality was exam-
ined using logistic regression and receiver operating
characteristic (ROC) curve analysis. Variables with p <
0.05 in univariate analysis were further examined with
multivariate analysis. Differences in PCT levels, CRP levels
and WBC counts between younger and elderly patients,
and among each pneumonia severity, were analyzed with
the Mann-Whitney U test and Kruskal-Wallis test, re-
spectively. When the Kruskal-Wallis test was significant,
differences in PCT levels, CRP levels and WBC counts
between each pneumonia severity were analyzed with the
Dunn test. Comparisons of each category between
younger and elderly groups were analyzed with the
Mann-Whitney U and chi-square test. Statistical analysis
was performed using Excel Tokei 2015 (Social Survey Re-
search Information, Co., Ltd., Tokyo, Japan). P < 0.05 was
considered statistically significant.
This human study was performed in accordance with

the Declaration of Helsinki, and was approved by the
Fukuoka University Medical Ethics Review Board
(approval: R17–042). The review board exempted the
acquisition of informed consent from patients included
in the study.

Results
Study population
We identified 682 patients with a primary diagnosis of
pneumonia during the study period. Of these, 15 with
hospital-acquired pneumonia were excluded. The final
study population consisted of 667 patients. Clinical fea-
tures of these patients are summarized in Table 1. The
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Table 1 Baseline characteristics

Total < 74 years > 75 years P value

No. of patients 667 231 436

died within 30 days 66 (10.0%) 11 (4.8%) 55 (12.6%) < 0.01*

Male / female 424 (63.6%)/243 (36.4%) 1 52 (65.8%)/79 (34.2%) 272 (62.4%)/164 (37.6%) 0.38

Age(years) 80.0 (71.0–86.0) 67.0 (55.0–71.0) 85.0 (80.0–89.0) < 0.01*

CAP / HCAP 396 (59.4%)/271 (40.6%) 1 75 (75.8%)/56 (24.2%) 221 (50.7%)/21 5 (49.3%) < 0.01*

PSI class

I 35 (5.3%) 35 (15.1%) 0

< 0.01*

II 84 (1 2.6%) 75 (32.5%) 9 (2.1%)

III 151 (22.6%) 50 (21.6%) 101 (23.1%)

IV 288 (43.2%) 60 (26.0%) 228 (52.3%)

V 109 (16.3%) 11 (4.8%) 98 (22.4%)

BMI(kg/m2) 19.8 (17.0–22.5) 20.0 (17.9–22.7) 19.6 (16.9–22.5) 0.10

Albumin(g/dL) 3.2 (2.8–3.6) 3.4 (2.9–3.8) 3.1 (2.7–3.5) < 0.01*

Procalcitonin(ng/mL) 0.35 (0.10–2.09) 0.20 (0.07–0.84) 0.52 (0.13–2.66) < 0.01*

WBC(/mm3) 10,500 (7700–14,400) 11,100 (7600–14,800) 10,300 (7700–13,900) 0.38

CRP(mg/dL) 9.09 (3.99–16.20) 9.91 (4.43–18.0) 8.01 (3.52–15.01) < 0.01*

BUN(mg/dL) 18 (14–26) 14 (10–19) 20 (15–29) < 0.01*

Comorbidity Charlson comorbidity index

0 224 (33.6%) 104 (45.0%) 120 (27.5%)

< 0.01*

1 244 (36.6%) 62 (26.9%) 182 (41.7%)

2 126 (18.9%) 46 (19.9%) 80 (18.4%)

3 56 (8.4%) 1 6 (6.9%) 40 (9.2%)

4 13 (1.9%) 2 (0.9%) 11 (2.5%)

5 1 (0.1%) 0 (0%) 1 (0.2%)

6 3 (0.5%) 1 (0.4%) 2 (0.5%)

Chronic lung disease 1 89 (28.3%) 69 (29.9%) 120 (27.5%) 0.53

Diabetes mellitus 128 (19.2%) 44 (19.0%) 84 (19.3%) 1.00

Dementia 123 (18.4%) 10 (4.3%) 113 (25.9%) < 0.01*

Cerebrovascular disease 67 (10.0%) 26 (11.3%) 41 (9.4%) 0.50

Chronic heart failure 62 (9.3%) 7 (3.0%) 55 (12.6%) < 0.01*

Malignancy 33 (4.9%) 9 (3.9%) 24 (5.5%) 0.45

Kidney disease 29 (4.3%) 6 (2.6%) 23 (5.3%) 0.12

Liver disease 15 (2.2%) 3 (1.3%) 12 (2.8%) 0.28

Pathogen Streptococcus pneumoniae 126 (18.9%) 39 (16.9%) 87 (20.0%) 0.35

Haemophilus influenzae 40 (6.0%) 14 (6.1%) 26 (6.0%) 1.00

Klebsiella pneumoniae 30 (4.5%) 5 (2.2%) 25 (5.7%) 0.04*

Escherichia coli 25 (3.7%) 3 (1.3%) 22 (5.0%) 0.01*

Pseudomonas aeruginosa 23 (3.4%) 10 (4.3%) 13 (3.0%) 0.38

Moraxella catarrhalis 16 (2.3%) 6 (2.6%) 10 (2.3%) 0.78

MSSA 13 (1.9%) 2 (0.9%) 11 (2.5%) 0.24

MRSA 11 (1.6%) 2 (0.9%) 9 (2.1%) 0.35

Serratia marcescens 8 (1.2%) 4 (1.7%) 4 (0.9%) 0.46

Enterococcus faecalis 7 (1.0% 2 (0.9%) 5 (1.1%) 1.00

Stenotrophomonas maltophilia 6 (0.9%) 2 (0.9%) 4 (0.9%) 1.00
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study population consisted of 231 younger patients
(younger group) and 436 elderly patients (elderly group).
Eleven (4.8%) and 55 (12.6%) patients died from pneu-
monia within 30 days of admission in the younger and
elderly groups, respectively (p < 0.01). PCT was mea-
sured at the time of admission in 226 (97.8%) and 426
(97.7%) patients of younger and elderly groups, respect-
ively. The ratio of HCAP, PSI class, albumin, PCT, CRP,
BUN, and Charlson comorbidity index were significantly
different between the younger and elderly groups. As for
causative pathogens, Streptococcus pneumoniae was the
leading pathogen in both of younger and elderly groups.
Klebsiella pneumoniae and Escherichia coli were more
frequent in the elderly group, while Mycoplasma pneu-
moniae was more frequent in the younger group.

Factors associated with 30-day mortality
Though PCT was significantly associated with 30-day
mortality in both of the younger and elderly groups in
univariate analysis, multivariate analysis revealed that
PCT was not an independent prognostic factor in both

groups. Multivariate analysis revealed that BMI and al-
bumin remained significant as factors related to 30-day
mortality in both groups. In addition, BUN in the youn-
ger group and PSI in the elderly group were significant
prognostic factors, respectively (Tables 2 and 3). Accord-
ing to ROC curve analysis, albumin and PSI, and albu-
min, BMI, and PSI revealed significantly wide AUC
values compared to that of PCT in the younger and eld-
erly groups, respectively (Figs 1 and 2).

Relationship between pneumonia severity and PCT, CRP,
and WBC
Median (1st quartile, 3rd quartile) PCT levels in younger
and elderly groups were 0.14 (0.05, 0.47) ng/mL and 0.26
(0.07, 1.19) ng/mL (p = 0.38) for mild pneumonia, 0.48
(0.16, 2.89) ng/mL and 0.63 (0.14, 2.63) ng/mL (p = 0.95)
for moderate pneumonia, and 5.65 (1.78, 8.24) ng/mL and
1.15 (0.28, 6.81) ng/mL (p = 0.17) for severe pneumonia,
respectively (Fig. 3, left upper). Median PCT levels of
moderate and severe pneumonia increased by 229 and
3614%, respectively, compared with those of mild

Table 1 Baseline characteristics (Continued)

Total < 74 years > 75 years P value

Legionella pneumoniae 5 (0.7%) 3 (1.3%) 2 (0.5%) 0.35

Proteus merabilis 5 (0.7%) 1 (0.4%) 4 (0.9%) 0.66

Enterobacter cloacae 4 (0.6%) 1 (0.4%) 3 (0.7%) 0.66

Mycoplasma pneumoniae 30 (4.5%) 21 (9.1%) 9 (2.1%) < 0.01*

Chlamydophila pneumoniae 22 (3.3%) 10 (4.3%) 12 (2.8%) 0.36

CAP Community acquired pneumonia, HCAP Healthcare-associated pneumonia, PSI Pneumonia severity index, BMI Body mass index, WBC White blood cell, CRP C-
reactive protein, BUN Blood urea nitrogen, MSSA Methicillin-sensitive Staphylococccusaureus, MRSA Methicillin-resistant Staphylococcus aureus Data are presented
as number (%) or median (1st quartile - 3rd quartile)
P value: < 74 years vs > 75 years * Statistically significant

Table 2 Univariate and multivariate analyses of factors related to 30-day mortality of patients younger than 74 years-old

Univariate Logistic Regression Multivariate Logistic Regression

Variable OR 95%CI P value OR 95%CI P value

Age (years) 1.07 0.98–1.17 0.11

Sexa 1.41 0.36–5.46 0.62

Category of pneumoniab 4.08 1.20–13.93 0.02c 1.05 0.09-12.71 0.97

PSI class 2.72 1.40–5.29 < 0.01c 1.29 0.39-4.29 0.68

BMI (kg/m2) 0.58 0.42–0.79 < 0.01c 0.46 0.27-0.80 < 0.01c

Albumin (g/dL) 0.07 0.02–0.25 < 0.01c 0.05 0.00-0.73 0.03c

PCT (ng/mL) 1.07 1.02–1.13 0.01c 1.05 0.98-1.12 0.19

CRP (mg/dL) 1.07 1.02–1.14 0.01c 0.93 0.83-1.05 0.24

WBC(/mm3) 1.00 0.99–1.00 0.44

BUN(mg/dL) 1.07 1.03–1.11 < 0.01c 1.08 1.00-1.17 0.04c

CCI 1.50 0.92-2.42 0.10

OR Odds ratio, Cl Confidence interval, RSI Pneumonia severity index, BMI Body mass index, PCT Procalcitonin, CRP C-reactive protein, WBC White blood cell, BUN
Blood urea nitrogen, CCI Charlson comorbidity index
a Female vs male
b Healthcare-associated pneumonia vs community acquired pneumonia
cStatistically significant
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pneumonia in younger patients. Similarly, median PCT
levels of moderate and severe pneumonia increased by
135 and 327%, respectively, compared with those of mild
pneumonia in elderly patients. PCT levels significantly dif-
fered by pneumonia severity in both younger (p < 0.001)

and elderly (p < 0.001) groups, and increased with increas-
ing severity in both groups.
Median (1st quartile, 3rd quartile) CRP levels in youn-

ger and elderly groups were 9.66 (4.26, 16.99) mg/dL
and 8.19 (3.84, 13.34) mg/dL (p = 0.26) for mild

Table 3 Univariate and multivariate analyses of factors related to 30-day mortality of patients older than 75 years-old

Univariate Logistic Regression Multivariate Logistic Regression

Variable OR 95%CI P value OR 95%CI P value

Age (years) 1.05 1.00–1.10 0.04c 1.02 0.96-1.08 0.60

Sexa 1.27 0.70–2.32 0.43

Category of pneumoniab 2.14 1.18–3.86 0.01c 0.86 0.38-1.95 0.71

PSI class 4.24 2.59–6.94 < 0.01c 2.02 1.05-3.88 0.04c

BMI (kg/m2) 0.80 0.73–0.88 < 0.01c 0.84 0.75-0.94 < 0.01c

Albumin (g/dL) 0.38 0.26–0.54 < 0.01c 0.31 0.14-0.66 < 0.01c

PCT (ng/mL) 1.02 1.00–1.03 0.04c 1.01 0.98-1.03 0.62

CRP (mg/dL) 1.04 1.00–1.07 0.02c 1.01 0.97-1.06 0.56

WBC(/mm3) 1.00 1.00–1.00 0.29

BUN(mg/dL) 1.04 1.02–1.05 < 0.01c 1.01 0.99-1.03 0.24

CCI 1.27 1.00–1.62 0.04c 1.07 0.77-1.48 0.69

OR Odds ratio, Cl Confidence interval, PSI Pneumonia severity index, BMI Body mass index, PCT Procalcitonin, CRP C-reactive protein, WBC White blood cell, BUN
Blood urea nitrogen, CCI Charlson comorbidity index
a Female vs male
b Healthcare-associated pneumonia vs community acquired pneumonia
cStatistically significant

Fig. 1 Receiver operating characteristic curve of procalcitonin (PCT) levels, white blood cell (WBC) counts, C-reactive protein (CRP) levels, age,
Charlson comorbidity index (CCI), blood urea nitrogen (BUN), pneumonia severity index (PSI) class, body mass index (BMI), and albumin levels for
prediction of 30-day mortality of patients younger than 74 years
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pneumonia, 9.88 (4.87, 17.42) mg/dL and 7.83 (3.15,
14.70) mg/dL (p = 0.08) for moderate pneumonia, and
21.71 (9.05, 32.51) mg/dL and 8.81 (4.37, 17.05) mg/dL
(p = 0.02) for severe pneumonia, respectively (Fig. 3,
right upper). Median CRP levels of moderate and severe
pneumonia increased by 1.6 and 74.9%, respectively,
compared with those of mild pneumonia in younger
patients. Similarly, median CRP levels of moderate and
severe pneumonia increased by − 1.5 and 9.5%, respect-
ively, compared with those of mild pneumonia in elderly
patients. CRP levels did not significantly differ by pneu-
monia severity in both younger (p = 0.08) and elderly
(p = 0.59) groups.
Median (1st quartile, 3rd quartile) WBC counts in

younger and elderly groups were 10,550 (7575, 14,400)
/mm3 and 10,300 (8528, 13,325) /mm3 (p = 0.59) for mild
pneumonia, 13,200 (8625, 16,700) and 10,400 (7700,
13,525) (p = 0.04) for moderate pneumonia, and 9200
(5800, 12,600) /mm3 and 9750 (7125, 14,250) /mm3 (p =
0.38) for severe pneumonia, respectively (Fig. 3, left
lower). WBC counts did not significantly differ by pneu-
monia severity in the elderly group (p = 0.74), but did dif-
fer by severity in the younger group (p = 0.04), although
the counts did not increase with increasing severity.
Next, we investigated the relationship between pneu-

monia severity and PCT levels, CRP levels, and WBC

counts in elderly patients in which pneumonia was
caused by S. pneumoniae, the most common pathogen
identified in the study. Of those with mild, moderate,
and severe pneumonia, 21 (19.1%), 42 (18.4%) and 24
(24.5%) patients had S. pneumoniae pneumonia, respect-
ively. PCT levels significantly differed by severity (p =
0.03) and increased with increasing severity. (Fig. 4, left
upper). CRP levels (p = 0.68) and WBC counts (p = 0.31)
did not significantly differ by severity (Fig. 4, right upper
and left lower).

Discussion
PCT has been used to differentiate between infectious
and noninfectious inflammatory respiratory diseases, or
bacterial and non-bacterial respiratory infectious dis-
eases [2–4]. Many investigators have reported the clin-
ical usefulness of PCT in patients with CAP [5–7, 17–
26], HCAP [37, 38], ventilator-associated pneumonia
(VAP) [39–43], and hospital-acquired pneumonia (HAP)
[44]. Although these studies included many elderly pa-
tients, the clinical usefulness of PCT in those patients
was not consistent. Advanced age is associated with a
decline in immune function, a phenomenon commonly
referred to as immune senescence [45]. Immune senes-
cence is generally characterized by chronic, low-grade,
systemic inflammation and impaired responses to

Fig. 2 Receiver operating characteristic curve of age, Charlson comorbidity index (CCI), procalcitonin (PCT) levels, white blood cell (WBC) counts,
C-reactive protein (CRP) levels, blood urea nitrogen (BUN), pneumonia severity index (PSI) class, body mass index (BMI), and albumin levels for
prediction of 30-day mortality of patients older than 75 years
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immune challenge. In elderly patients, complex im-
munologic rearrangements with chronic exposure to a
variety of antigens may promote a subclinical inflamma-
tory status defined as inflammaging, which can result in
impaired PCT release in response to antigens [46]. It is
currently unclear how the increased inflammation and
declined functional reserve of parenchymal cells in eld-
erly people would affect PCT release. In addition, the
etiology of pneumonia may also be associated with dif-
ferent cytokine activation patterns. Thus, elderly patients
with pneumonia might exhibit poor PCT elevation com-
pared to their younger counterparts.
The geriatric population represents the fastest growing

segment of the general population. Therefore, the clin-
ical significance of PCT as diagnostic and prognostic fac-
tors in elderly patients is an important issue. While
some investigators reported usefulness of PCT for diag-
nosing bacterial infection in the elderly [8, 11, 47],
others revealed that PCT was inferior to CRP for pre-
dicting bacterial infection in these population [9, 48, 49].
As for predicting capacity for clinical course, Shi et al.
reported that there were no differences in PCT between
the improved and not-improved subjects in nosocomial

pneumonia in the elderly [50]. To our knowledge, this is
the first study to examine the relationship between PCT
levels by pneumonia severity in younger and elderly pa-
tients with pneumonia, particularly patients with S.
pneumoniae pneumonia, occurring outside the hos-
pital setting. In addition, the present study included
more elderly patients than those that previously
assessed the clinical usefulness of PCT in the elderly
population [8–11, 47–50]. We assessed the relation-
ship between PCT and PSI, because mortality in this
frail elderly population is frequently not directly due
to pneumonia [51], and PSI could be more specific of
pneumonia severity than all cause mortality. We
found that PCT levels, but not CRP levels, signifi-
cantly increased with increasing severity of pneumo-
nia in both younger and elderly patients, although the
degree of increase tended to be smaller in elderly pa-
tients under conditions of same severity. Kim et al.
also reported the usefulness of PCT for predicting the
severity of CAP in elderly patients, although they de-
fined elderly as > 65 years of age, the sample size was
small, and they did not analyze pneumonia caused by
a specific pathogen [10]. The present study revealed

Fig. 3 Box plots showing procalcitonin (PCT) levels, C-reactive protein (CRP) levels, and white blood cell (WBC) counts according to pneumonia
severity determined by the pneumonia severity index of younger (≤74 years old) and elderly (≥75 years old) patients with pneumonia occurring
outside the hospital setting. The box plots show 25th, 50th, and 75th percentiles, and outliers. *: p < 0.05, **: p < 0.01
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that PCT increased with increasing severity of pneu-
monia even in patients older than 75 years, and also
those with S. pneumoniae pneumonia.
Elderly patients, although representing the large ma-

jority of cases of pneumonia admitted to acute-care hos-
pital wards, are often excluded from clinical studies due
to the possible presence of multiple confounders. Elderly
patients included in the present study also had many co-
morbidities. While Charlson comorbidity index was sig-
nificantly associated with 30-day mortality in elderly
patients in univariate analysis, it did not remain an inde-
pendent prognostic factor in these patients in multivari-
ate analysis.
Though many investigators have studied the utility of

PCT in predicting mortality in various types of pneumonia
including CAP [5–7, 17–26], HCAP [37, 38], VAP [39–43]
and HAP [44], their results were not consistent While
some reported PCT to be a reliable predictor for mortality
[17–26], others showed that PCT was inferior to other
markers such as PSI, CURB-65 [52], CRP, IL-6 [53], or
BUN/albumin ratio [54] for predicting mortality. Several
investigators reported that serial measurements of PCT
were useful for predicting mortality [21, 50, 55]. In the
present study, PCT did not remain an independent prog-
nostic factor in the younger and elderly patients in our
multivariate analysis. Albumin, BMI and PSI were

independent prognostic factors, and superior to PCT for
predicting 30-day mortality in the elderly patients. PCT is
considered an inflammation marker like CRP and WBC,
although more specific to bacterial infections compared to
the latter two. In the present study, none of the inflamma-
tion markers assessed remained significant prognostic
factors in multivariate analysis. This suggests that inflam-
mation markers might not be independent prognostic
markers when parameters known to influence prognosis,
e.g., albumin or BMI, are comprehensively analyzed in pa-
tients with pneumonia occurring outside the hospital set-
ting. Previous studies did not properly adjust for albumin
or BMI in their multivariate analyses [6, 17–26].
The definition of the elderly varies according to the

aim and design of research studies. Although the defin-
ition of elderly in previous studies that have investigated
PCT ranged from 65 to 85 years, many have adopted the
definition of > 75 years. The average age of the overall
population in the present study was 76 years. Based on
this, we defined the elderly as patients older than 75
years.
This study has some limitations worth noting. First, the

study had a retrospective design and was conducted in a
single hospital. A prospective cohort study involving mul-
tiple hospitals will be needed to confirm our results. Sec-
ond, the number of younger patients with severe

Fig. 4 Box plots showing procalcitonin (PCT) levels, C-reactive protein (CRP) levels, and white blood cell (WBC) counts according to pneumonia
severity determined by the pneumonia severity index of elderly (≥75 years old) patients with Streptcoccus pneumoniae pneumonia occurring
outside the hospital setting. The box plots show 25th, 50th, and 75th percentiles, and outliers. **: p < 0.01

Akagi et al. BMC Geriatrics            (2019) 19:3 Page 8 of 10



pneumonia was small. However, the number of such pa-
tients is naturally small, and several thousand pneumonia
patients may be needed to obtain a sufficient number of
younger patients with severe pneumonia. Thirdly, brain
natriuretic peptide (BNP) or N-terminal-proBNP (NT-
proBNP), which has been reported to be a prognostic
marker of pneumonia [32, 33], was not included in our
study, because these markers were measured in only about
half of patients included in the study. Prognostic signifi-
cance of these peptides in elderly patients with pneumonia
needs to be investigated. Finally, analysis of PCT levels in
bacteremia patients was not performed in the present
study, because blood culture was performed in only 60%
of patients, and bacteria grew in only 8 patients.

Conclusions
PCT was not an independent predictor of 30-day mortal-
ity in both of elderly and younger patients with pneumo-
nia acquired outside the hospital. PCT levels, but not CRP
levels, significantly increased with increasing pneumonia
severity in younger and elderly patients, although the de-
gree of increase tended to be lower in elderly patients
compared to younger patients for the same severity. PCT
levels also significantly increased with increasing pneumo-
nia severity in elderly patients with Streptococcus pneumo-
niae pneumonia.
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