
Introduction

Parallel to the current social circumstances, improved qual-
ity of life and advances in medicine, the mean survival has 
been extended and a related increase has been observed in 
the percentage of the elderly population, especially in de-
veloped countries1. Thus, diseases of the elderly popula-
tion have gained additional importance. Pneumonia is one 
of these diseases and is more frequent in individuals of 65 
years of age or over2,3.

Community-acquired pneumonia (CAP) is observed 
during daily life. Its annual incidence has been reported as 
0.5-1.1% in Europe3. CAPs are common diseases that are 
frequently observed in adult patients and is an important 
cause of mortality4. Presence of symptoms, physical exam-
ination findings and presence of infiltrates in pulmonary ra-
diographs are sufficient for the diagnosis5.

Prediction of the severity of the disease and clinical out-
comes in CAP are the pre-conditions in the management 
of health sources and for the costs of the treatment. There-
fore, the prediction rules were changed in the mortality risk 
prediction-based classification for patients with CAP6. The 
classification includes CURB-65 and SMART-COP as well. 
The British Thoracic Society has built up a classification 
system called CURB (confusion, uremia, respiration count 

and arterial blood pressure)7. Lim et al. have added age to 
this classification in 2003 and developed a new classifica-
tion called CURB-658. The SMART-COP scoring system 
was first developed and approved in non-trophic Australia. 
This system is still being recommended to evaluate the risk 
of pneumonia in the Australian National Clinics Guidelines9.

S. pneumoniae has been known as the responsible micro-
organism for TGP in 9-36% of the patients10. In approximate-
ly 60% of the patients hospitalized due to pneumonia, bacte-
ria are the agents for the disease11. Acute phase reactants and 
inflammatory cytokines are being used as potential indicators 
for the detection of the severity of the disease and diagnosis 
of multiple organ failure12. One of these indicators are pro-
calcitonin (PCT). Serum PCT level has been demonstrated to 
increase with the increase in the severity of infection in bac-
terial infections13. Although the PCT levels significantly in-
crease with bacterial infections, no increase is observed with 
non-bacterial factors such as collagen tissue diseases or viral 
infections14. Its use is indicated especially in elderly patients 
with non-significant symptoms and those who are not suitable 
for invasive tests due to the rapid increase observed in early 
infection, simple sampling, simple and rapid reporting15.

The aim of this study was to investigate the relationship 
between the procalcitonin levels on admission and clinical 
scoring systems. 
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Abstract
Study Objectives Know the result of disease severity and clinical results in community-acquired pneumonia (CAP) are preconditions for treatment options 
and management for health care resources. Various scoring systems as CURB-65 and SMART-COP have been developed to facilitate these awareness. We 
aimed to investigate the relationship between these two scoring systems with procalcitonin level in the diagnosis of CAP. Methods Study included hospi-
talized patients diagnosis CAP that had been admitted to the emergency department between 01.01.2015 - 12.31.2015. CURB-65 and SMART-COP scores 
were calculated. We collected measured procalcitonin levels. As described previously during the study, patients who had 2 and over values for CURB-65 
and who had values 3 or more for SMART-COP were classified as high risk and groupings were structured according to these values. Results The study was 
conducted on a total of 124 cases. 72 of the cases had a CURB-65 score of 2 or more and 49 of the cases had a SMART-COP score of 3 or above. The cases’ 
procalcitonin levels which had 2 ng/ml or above scores for CURB-65 had higher statistical significance than the cases that had 2 or less scores for CURB-65 
(P: 0,004; p<0,05). The cases’ procalcitonin levels that had 3 or above scores for SMART-COP had higher statistical significance than the cases which had 2 or 
less scores for SMART-COP (p: 0,001; p<0,05). Conclusions High procalcitonin levels were associated with the patients who had high scores in both scoring 
systems, and had a relationship with the severity and course of the disease.
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Materials And Method

Study design and setting

This retrospective cross-sectional study was carried out on 
patients hospitalized due to CAP in the Internal Medicine 
Department among those who had presented to the emergen-
cy between 01/01/2015 and 31/12/2015. In our ED, patients 
admitted because of CAP are directed from triage room to 
yellow or red zones. Approximately 100.000 patients per 
year are admitted in the yellow and red zones of our ED and 
all these patients are examined by an emergency physician. 
This study was conducted after obtaining local ethic com-
mittee approval.

 

Selection of participants and Data collection

The patients included in the study were over 18 years of age 
and those who were diagnosed to have CAP via clinical and 
laboratory findings, and patients whose procalcitonin level 
was measured in the emergency unit or Internal Medicine 
Department prior to the treatment. Those with a recent pul-
monary infiltration according to pulmonary X-rays or tho-
racic tomography accompanied by symptoms suggestive 
of acute lower respiratory tract infection were diagnosed 
as pneumonia. Patients hospitalized within the previous 14 
days, pregnant women, patients younger than 18 years of 
age and those with the diagnosis of pulmonary tuberculosis, 
were excluded from the study. 

According to these data, the CURB-65 and SMART-
COP scores of the patients hospitalized were calculated. In 
accordance with the SMART-COP measurements, patients 
with a partial oxygen pressure of 70 mmHg and below 50 
years of age, and those with a partial oxygen pressure of 60 
mmHg and over 50 years of age, were accepted as hypoxic. 

Patients with a CURB-65 score of 2 or more, and those 
with a SMART-COP score of 3 or higher were classified as 
the risk group as mentioned in the literature, and the group-
ing was made upon this risk group8,9. Subsequently, the 
patients were grouped as those with and without risk, and 

compared according to their PCT values. Normal range of 
pracalcitonin was less than 0.05 ng/ml. 

Outcome measures

Primary outcome measure was the relationship between 
serum procalcitonin concentration and CURB-65 and 
SMART-COP scores. Secondary outcome measure was the 
relationship between serum lactate concentration and the se-
verity and progression of the disease.

Statistical analysis

Compliance of the parameters to the normal distribution was 
calculated using the Shapiro Wilks test. Descriptive statis-
tics methods were used (mean, standard deviation, frequen-
cy) and the Mann Whitney U test was used for comparison 
of the qualitative data. The Chi-square test was used for the 
quantitative data. The Spearman’s rho correlation analysis 
was used for analysis of the relationship between the qual-
itative data. The ROC analysis was used for cut-off level 
detection. A p value of <0,05 was accepted as statistically 
significant. Computer analysis was performed using SPSS 
version 22.0 software (SPSS, Inc., Chicago, IL, USA).

Results

A total of 124 cases were included in the study; among 
these, 62 were male (50%) and 62 were female (50%). The 

CURB-65 n %
<2 52 41.9

≥2 72 58.1

SMART-COP

<3 75 60.5

≥3 49 39.5

Table 1. Distribution of the CURB-65 and SMART-COP scores.

CURB-65 Min-Max Mean±SD Median P
<2 0.02-58,92 1.98±8.48 0.14

0,004*
≥2 0.03-35.82 1.65±4.54 0.41

SMART-COP

<3 0.03-35.82 1.35±4.75 0.14
0,001*

≥3 0.02-58.92 2.47±8,46 0.63
Mann Whitney U Test   * p<0,05

Table 2. PCT evaluation according to the CURB-65 and the SMART-COP scores.



Atiş et al.
Relationship Of The Procalcitonin Level On Admission

With CURB-65 and SMART-COP Scores In Hospitalized Patients With PneumoniaEurasian J Critical Care 2020; 2 (3):223-227 225

ages of the subjects were between 21 and 93 years old, and 
the mean age was 73.81±12.70. PCT on admission varied 
between 0.02 ng/ml and 58.92 ng/ml; the mean value was 
1.79±6.46 ng/ml, and the median value was 0.26 ng/ml.

The CURB-65 scores of patients with pneumonia varied 
between 0 and 3, the mean value was 1.61±0.81, and the me-
dian value was 2. The SMART-COP scores mean value was 
2.09±1.71, and the median value was 2 (Table 1).

CURB-65 was 2 or higher in 72 of the patients (58.1%), 
and the SMART-COP score was 3 or higher in 49 (39.5%) 
(Table 2).

The PCT levels of patients with a CURB-65 score of 2 
or higher were significantly higher compared to those with a 
CURB-65 score lower than 2 (p:0,004; p<0,05).

The PCT levels of patients with a SMART-COP score of 
3 or higher were significantly higher compared to those with 
a SMART-COP score lower than 3 (p:0,001; p<0,05).

The cut-off level determined for PCT according to the 
CURB-65 score was 0.08 ng/ml. Sensitivity and specific-
ity at this level were found to be 88.89% (79.3-95.1) and 
38.46% (25.3-53), respectively (Figure 1).

The cut-off level determined for PCT according to the 
SMART-COP score was 0.32 ng/ml. Sensitivity and speci-

ficity at this level were found to be 71.43% (56.7-83.4) and 
72% (60.4-81.8), respectively (Figure 2).

No significant correlation was determined between 
CURB-65 and SMART-COP (p:0,001; p<0,05). Among pa-
tients with a CURB-65 score of 2 or higher, 52.8% had a 
SMART-COP score of 3 or higher (Table 3).

Discussion

Classification methods evaluating the severity of CAP have 
been developed in order to reduce the hospitalization rates 
due to this disease. Many studies have compared these scor-
ing systems. Some authors have mentioned that there is no 
difference between the scoring systems in the evaluation of 
disease severity or mortality16. On the other hand, there are 
studies suggesting more and less powerful aspects of each 
method17. These findings have resulted in the belief that ad-
ditional risk factors and prognostic indicators are needed 
to increase the prognostic performance of the present risk 
scores6. In our study, we aimed to investigate whether PCT 
could be used as a helper indicator to these scoring systems 
or not. 

Among our patients, CURB-65 was 2 or higher in 58.1% 
and SMART-COP was 3 or higher in 39.5%. The higher 
number of patients at risk observed according to the CURB-
65 scores was probably due to the selecting criteria in our 
study, which included hospitalized patients. The CURB-65 
scoring system has been designed for patients to recieve 
therapy at home or in the hospital, whereas the SMART-
COP scoring system has been designed for detection of 

Figure 1. The ROC curve for procalcitonin according to the 
CURB-65 score. The area under the ROC curve was found to be 
statistically significantly higher than 0.5 (p<0,01) (AUC:0.651, 
p:0,003, p<0,05).

CURB-65
SMART-COP <2 ≥2 P

n (%) n (%)

<3 41 (%78.8) 34 (%47.2)
0,001*

≥3 11 (%21.2) 38 (%52.8)
Chi-square test  * p<0,05

Table 3. Relationship between CURB-65 and the SMART-COP 
scores.

Figure 2. The ROC curve for procalcitonin according to the 
SMART-COP score. The area under the ROC curve was found to 
be statistically significantly higher than 0.5 (p<0,01) (AUC:0.713, 
p:0,000, p<0,05).
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patients who require intensive respiratory and vasopressor 
support in the context of ACAPS9.

Many cytokines and biomarkers have been studied 
worldwide in order to determine the severity of pneumonia. 
Among these, CRP and PCT had the widest investigation and 
approval. PCT was especially studied in order to determine 
the suitability of patients with pneumonia for antibiotherapy 
or not18. In the study of Viasus et al., the mortality predic-
tion of patients with pneumonia was observed to be more 
significant when the pneumonia severity index (PSI) and the 
CURB-65 scores were combined with PCT19. In the study of 
Naderi et al., the PCT levels were determined to be higher in 
parients with CURB-65≥3 and SMART-COP≥320. The medi-
an PCT level was observed to be higher in patients with high 
PSI in the study of Johansson et al.21. In our study, the PCT 
levels were found to be significantly higher in patients with 
CURB-65≥2 and SMART-COP≥2 (p:0.004 and p:0.001, re-
spectively). The positive correlation of these two scoring sys-
tems with the PCT level is compatible with previous findings 
(p:0.001 and p:0.001, respectively). 

It has been demonstrated in the study of Julian-Jimenez 
et al. that the rates of hospitalization and duration of hos-
pital stay were reduced when PCT ˃ 1 ng/ml was used as 
an additional score to the PSI scoring22. The study of Karen 
et al. revealed that patients with SMART-COP≥3 had high 
sensitivity and specificity for intensive respiratory and va-
sopressor support23. In the light of these findings, we deter-
mined a cut-off value for CURB-65 and SMART-COP in 
our study. The sensitivity and specificity of patients with a 
PCT value of 0.08 ng/ml or higher for CURB-65≥2 were 
88.89% and 38.46% (AUC 0.651; p:0.003; CI: 79.3-95.1 
and CI: 25.3-53, respectively), and those with a PCT value 
of 0.32 ng/ml or higher for SMART-COP≥3 were 71.43% 
and 72% (AUC 0.713; p 0.000; CI: 56.7-83.4 and CI: 60.4-
81.8, respectively). However, in the meta-analysis of Liu et 
al., the sensitivity of the frequently used PCT value, 0.5 ng/
mL, was observed to be 44%21-66, and that this level could 
not be accepted as a high risk value for mortality24. These 
data suggest that, although the high PCT values observed in 
patients were directly related to hospitalization and progno-
sis, further studies are needed to determine a cut-off value 
including larger sample sizes. 

Limitations

Our study is retrospective, the data were obtained from the 
information technologies department of the hospital and epi-
crises. 

The diagnosis of hospitalization of patients is not con-
firmed by cultures.

Variable discharge processes due to the procedures of the 
units. 

Conclusion

High PCT levels were related to high CURB-65 and 
SMART-COP scores and they were probably related to the 
severity and progression of the disease.

PCT may be used as an additional parameter in both 
scoring systems used for the hospitalization and acceptance 
to the intensive care unit in patients with community-ac-
quired pneumonia. 

However, we believe that the significant findings ob-
served in our study should be supported by further studies, 
since we did not find any other study comparing both scor-
ing systems in the literature. 

References

1. Hobbs FB. Population profile of United States: The elderly 
population. US Census Bureau. http://www.census.gov/ 
population/ www/popprofile/ elderpop.html.

2. Farr BM, Slomen AJ, Fisch MJ, et al. Predicting death in pa-
tients hospitalized for community-acquired pneumonia. Ann 
Intern Med 1991; 115: 428-36.

3. Pinner RW,Teutsch SM, Simonsen L,et al. Trends in infectious 
diseases mortality in the United States. JAMA 1996; 275: 
189-93.

4. Lim WS, Baudouin SV , George RC , Hill A T , Jamieson C, Le 
Jeune I , et al . BTS guidelines for the management of com-
munity acquired pneumonia in adults. Thorax 2009; 64(3): 
1-55.

5.	 Türk	Toraks	Derneği.	Toplumda	Gelişen	Pnömoni	Tanı	ve	Te-
davi	Uzlaşı	Raporu.	Türk	Toraks	Dergisi	2009;	10(9):	3-12.

6. Schuetz P, Suter-Widmer I, Chaudri A, M. Christ-Crain, W. 
Zimmerli and B.Mueller Prognostic value of procalcitonin in 
community-acquired pneumonia ERJ 2011; 37: 384-92.

7. Fine MJ., Auble TE., Yealy DM., ve ark. A prediction rulet o 
identfy low-risk patients with community-acquaired pneumo-
nia. N Engl J Med. 1997; 336; 243-50.

8. Lim WS., Van der Eerden MM., Laing R. Ve ark. Defining 
community-acquaired pneumonia severity on presentation 
to hospital: an international derivation and validation study. 
Thorax 2003; 58: 377-82.

9. Patrick G. P. Charles,1,3 Rory Wolfe,4 Michael Whitby,7 Mi-
chael J. Fine,14,15 Andrew J. Fuller,9 et all. SMART-COP: A 
Tool for Predicting the Need for Intensive Respiratory or Va-
sopressor Support in Community-Acquired Pneumonia Pre-
dicting the Need for IRVS in CAP • CID 2008:47 375-84.

10. Marrie TJ. Epidemiology of mild pneumonia. Semin Respir 
Infect 1998; 13: 3-7.

11. Furth R, van den Broek PI. Aetiology of community acquired 
pneumonia: a prospective study among adults requiring ad-
mission to hospital. Thorax 1995; 50: 540-7.

12.	Yenen	Ş,	Çalangu	S,	Eraksoy	H	ve	ark.	İnfeksiyon	hastalıkların-
da	akut	 faz	 reaktanları.	 İnfeksiyon	hastalıkları,	Alemdar	Of-
set, 1990; 21-42.

13. Brunkhorst FM, Al-Nawas B, Krummenauer F, et al. Procalci-
tonin, C-reactive protein and APACHE II score for risk evalua-



Atiş et al.
Relationship Of The Procalcitonin Level On Admission

With CURB-65 and SMART-COP Scores In Hospitalized Patients With PneumoniaEurasian J Critical Care 2020; 2 (3):223-227 227

tion in patients with severe pneumonia. Clin Microbiol Infect 
2002; 8: 93-100.

14. Kasamatsu Y. Usefulness of a semi-quantitative procalcitonin 
test and the A-DROP Japanese prognostic scale for predict-
ing mortality among adults hospitalized with community-ac-
quired pneumonia. Respirology 2012; 17 (2): 330-36. 

15. Kim JH. Usefulness of Plasma Procalcitonin to Predict Severity 
in Elderly Patients with Community-Acquired Pneumonia. Tu-
berc Respir Dis (Seoul) 2013; 74: 207–14.

16. Yang Y, Xu F, Shi LY, Diao R, Cheng YS, Chen XY, et al. Effica-
cy and significance of various scores for pneumonia severity in 
the management of patients with community-acquired pneu-
monia in China. Chin Med J (Engl) 2012; 125 (4): 639-45.

17. Buising KL, Thursky KA, Black JF, MacGregor L, Street AC, 
Kennedy MP, et al. A prospective comparison of severity 
scores for identifying patients with severe community ac-
quired pneumonia: reconsidering what is meant by severe 
pneumonia. Thorax 2006; 61(5): 419- 24.

18. Soni NJ, Samson DJ, Galaydick JL, Vats V, Pitrak DL, Aron-
son N. Procalcitonin-Guided Antibiotic Therapy [Internet]. 
Rockville (MD): Agency for Healthcare Research and Quality 
(US); 2012 Oct. (Comparative Effectiveness Reviews, No. 78.) 
Summary and Discussion. Available from: http://www.ncbi.
nlm.nih.gov/books/NBK114999/.

19. Viasus D, del Rio-Pertuz G, Simonetti AF, García-Vidal C, Acos-
ta-Reyes J, Garavito A, et al. Biomarkers for predicting short-

term mortality in community-acquired pneumonia: a systemat-

ic review and meta-analysis. J Infect. 2016; 72: 273-82.

20. HamidReza Naderi, Fereshte Sheybani,MohammadReza 

Servghad,MehdiJabari Nooghabi Can Procalcitonin Add 

to the Prognostic Power of the Severity Scoring System in 

Adults with Pneumonia? Tanaffos 2015; 14(2): 95-106.

21. Johansson N, Kalin M, Backman-Johansson C, Larsson A, Nils-

son K, Hedlund J Procalcitonin levels in community-acquired 

pneumonia – correlation with aetiology and severity Scandi-

navian Journal of Infectious Diseases, 2014; 46: 787-791.

22. Julián-Jiménez A, González Del Castillo J, Candel FJ Useful-

ness and prognostic value of biomarkers in patients with 

community-acquired pneumoniain the emergency depart-

ment Med Clin (Barc). 2017 ;148(11): 501-510.

23. Karen L. Robins-Browne, Allen C. Cheng, Kathleen A. S. 

Thomas, Didier J. Palmer, Bart J. Currie, Joshua S. Davis The 

SMART-COP score performs well for pneumonia risk stratifi-

cation in Australia’s Tropical Northern Territory: a prospec-

tive cohort study Tropical Medicine and International Health 

2012: 17 (7): 914-9.

24.	Dan	Liu,	Long-Xıang	Su,	Wei	Guan,	Kun	Xiao,	Li-Xin	Xie	Prog-

nostic value of procalcitonin in pneumonia: A systematicrew-

iev and meta-analysis Respirology 2016; 21: 280-8.


