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Abstract

This study prognostic prediction research conducted as a prospective observational cohort study
aimed to test the external validation of the Nakhon Phanom score (NP score) in predicting the mortality
of adult patients with community-acquired pneumonia (CAP) admitted to Nakhon Phanom hospital and
nearby hospitals, and compared the sensitivity, specificity and accuracy of the NP score with other prog-
nostic scores (CURB-65 and PSI score). Data was collected from medical records of community-acquired
pneumonia patients admitted to Nakhon Phanom hospital, Thatphanom crown prince hospital and
Srisongkram hospital from January 1, 2024, to May 31, 2024. Baseline personal and clinical characteristics
were collected to calculate the NP score, CURB-65, and PSI score. Patients were divided into groups
based on prognostic score assessment (CURB-65, PSI and NP score). Statistical analysis used Chi-square
test, 95% confidence interval and area under the ROC curve (AUROC) to assess the predictive ability of
each prognostic score.

Results: A total of 618 patients were analyzed, with 124 patients dying within 30 days (20.1%) and
494 patients surviving (79.9%). The NP score had the sensitivity, specificity, negative predictive value and
positive predictive value of 37.1%, 97.6%, 86.1% and 79.3%, respectively. The NP score showed the best
predictor of mortality, followed by the PSI score and CURB-65, with AUROC levels of 82.67%, 65.74%
and 56.97%, respectively. In addition, the NP score demonstrated good accuracy in predicting mortality,
as shown by the score calibration plot showing good agreement between predicted mortality and ob-
served mortality (CITL = 0). Clinically, the NP score provided a higher net benefit than using both the PSI
score and CURB-65 for predicting mortality thresholds between 1 and 90% from decision curve analysis.

Conclusion: This study found that the NP score has more accurate in predicting 30-day mortality

in patients with community-acquired pneumonia than other methods.

Keywords: community-acquired pneumonia, Nakhon Phanom score (NP score), prognostic prediction
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Table 1: Patient characteristics on admission (N=618)

Dead (n=124) Survivors (n=494) p-value
Variables
n (%) n (%) Fisher-exact

Age (years old) mean + SD 63.5+15.0 65.1+15.8 0.265'
Sex; female 41 (33) 196 (40) 0.181
Underlying diseases
- Hypertension 1(41.1) 200 (40.5) 0.919
- Diabetes 41 (33.1) 139 (28.1) 0.320
- Chronic kidney diseases 7(13.7) 86 (17.4) 0.349
- Cerebrovascular diseases 7(13.7) 60 (12.2) 0.649
- Congestive heart failure 11 (8.9) 29 (5.9) 0.224
- Malignancy 11 (8.9) 21 (4.3) 0.066
- Ischemic heart diseases 6 (6.5) 22 (4.5) 0.353
- Liver cirrhosis 8 (6.5) 9(1.8) 0.010
- COPD 6 (4.8) 59 (11.9) 0.021
- Asthma 5(4.0) 39(7.9) 0.171
- Gout 4(3.2) 18 (3.6) 1.000
- Thalassemia 3(2.4) 2(0.4) 0.058
- Rheumatoid arthritis 2(1.6) 3(0.6) 0.264
- Benign prostatic hyperplasia 2(L.6) 12 (2.4) 0.747
- Psychosis 2(1.6) 9(1.8) 1.000
Clinical complication
- Shock 5 (68.6) 57 (11.5) <0.001
- Uremia 76 (61.3) 287 (58.1) 0.542
- Confusion 26 (21.0) 84 (17.0) 0.296
- Pleural effusion 6 (4.8) 46 (9.3) 0.146
Hospital stays (days) median [IQR] 714, 12] 6.5 12, 12] 0.014"
NP score (points) median [IQR] 17.5[12, 18.5] 5.5 [3.0, 8.5] <0.001#
CURB65 score (points) mean + SD 26+1.2 21+11 <0.001"
PSI score (points) mean + SD 138.6 + 34.9 111.4 + 35.7 <0.001"
Number of organ dysfunction
- None 0(0.0) 194 (39.3) <0.001
-1 16 (12.9) 167 (33.8)
-2 33 (26.6) 71 (14.4)
-3 25 (20.2) 31(6.3)
- 4 or more 50 (40.3) 31 (6.3)
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Table 1: Patient characteristics on admission (N=618) (si8)

Variables Dead (n=124) Survivors (n=494) p-value
n (%) n (%) Fisher-exact

Type of organ dysfunction
- Respiratory 104 (83.9) 180 (36.4) <0.001
- Cardiovascular 88 (80.0) 56 (11.3) <0.001
- Metabolic 62 (50.0) 80 (16.2) <0.001
- Renal 55 (44.4) 75 (15.2) <0.001
- Hematology 31 (25.0) 33(6.7) <0.001
- CNS 27 (21.8) 78 (15.9) 0.140
- Hepatic 26 (21.0) 37 (7.5) <0.001
Treatment
- Intubation 114 (91.9) 207 (41.9) <0.001
- Inotrope 87 (70.2) 50 (10.1) <0.001
- Hemodialysis 9(7.3) 5(1.0) <0.001

F T #
Fisher’s exact test, t-test, Wilcoxon rank-sum test

eaiduavesanuauznainiiviuldlunis
AU NP score, CURB-65 Wag PSI score LU9n1Y
wadnsvessinw AenguilideTinuagnduiisendin
wuindnwaznseddnlunguidetinddnduves
Snuazdeludinnninguiisendinegeitoddny
neadid b engunndmzemindu 65 U Aiazuuu
ECOG fausszau 3 3uly natenaisduanny multi-
lobar %38 bilateral infiltration fingden ALY
la#inioanan 90/60 mmHg 52U serum lactate
UANIUSTBNAY 4 mmol/dl Adiadenv1l (white
blood cell count) Yaanin 4,000 cells/cu.mm &
angidendunsa serum pH < 7.35 S¥AU blood
urea nitrogen (BUN) > 30 mmol/dl A17¢ hypo-
natremia 5¥ AU Hemoglobin < 9 ¢/dl Wag AU
AIUBNGIT0908NTLAU < 90% (A151971 2)

uennniidamudadedudiduiusiunsdedin
vosnslsadensniauguvy iud {Uaefigndasion
nnlsameraguey uazdenelsaduiteuuadise
fadouvaiiFeiduiiuaimmd dylunduilidedis
Ao Klebsiella pneumoniae WUsD8aE 33.9 599891
A8 Burkholderia pseudomallei $ovaz 18.6 uag
Streptococcus pneumoniae 5988y 11.9 (151497 3)
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Table 2: Clinical parameters by hospital outcome (N=618)

Dead Survivors Odd ratio
Variables (n=124) (n=494) (95%Cl) e alue
W (%) 31U (%) (X test

Age, > 65 years old 55 (44.4) 278 (56.3) 0.62(0.42, 0.92) 0.017
ECOG score 2 3 119 (96.0) 289 (58.5)  16.46 (6.61, 41.01) <0.001
CXR, Bilateral infiltration 113 (91.1) 295 (59.7) 6.93 (3.64, 13.20) <0.001
Shock 5 (68.6) 7(11.5) 1.37 (1.30, 1.44) <0.001
Hypotension, BP < 90/60 mmHg 4(67.7) 7(11.5) 1.21(1.17, 1.24) <0.001
Lactate 3 4 mmol/L 2 (50.0) 5(17.2) 4.81 (3.15, 7.34) <0.001
Acidosis (serum pH < 7.35) 1(41.1) 0(16.2) 3.62 (2.35, 5.56) <0.001
Leukopenia (WBC < 4,000 celL/mmB) 7(21.8) 9 (3.9 6.96 (3.72, 13.02) <0.001
Anemia (Hemoglobin < 9 ¢/dL) 3(42.7) 159 (32.2) 1.05 (1.01, 1.09) 0.027
Blood urea nitrogen > 30 mmol/dL 8 (46.8) 35 (27.3) 2.34 (1.56, 3.50) <0.001
Hyponatremia (Sodium < 130 mmol/L) 8 (22.6) 3(8.7) 1.06 (1.03, 1.09) <0.001
Hypoxemia (Oxygen saturation< 90 %) 0 (64.5) 193 (39.1) 1.11 (1.07, 1.16) <0.001
Hyperglycemia (glucose > 250 mg/dL) 5(20.2) 78 (15.9) 1.03 (0.98, 1.08) 0.243
Tachycardia, HR > 125 BPM 7(29.8) 111 (22.5) 1.47 (0.95, 2.28) 0.086
Tachypnea (RR > 30 beats/min) 8 (62.9) 322 (65.2) 0.99 (0.98, 1.01) 0.666
Uremia 6 (61.3) 287 (58.1) 1.14 (0.76, 1.71) 0.518
Confusion 6 (21.0) 84 (17.0) 1.30(0.79, 2.12) 0.302
Pleural effusion 6 (4.8) 46 (9.3) 0.98 (0.95, 1.01) 0.146
Hypothermia or hyperthermia 6 (4.8) 31 (6.3) 0.76 (0.31, 1.86) 0.864"
(Body temperature < 35 Cor > 41 Q)
Pathogen detected
- Bacteria 59 (47.6) 131 (26.2) 2.51(1.68, 3.77) <0.001
- Virus 17 (13.7) 67 (13.6) 1.01 (0.57, 1.80) 0.966
- COVID-19 16 (12.9) 55(11.1) 1.18 (0.65, 2.14) 0.581
- Influenza 1(0.81) 13(263)  030(004,232) 0322
Arrival mode
- Refer 71 (57.3) 184 (37.2) 2.26 (1.51, 3.37) <0.001
- Walk in 53 (42.7) 310 (62.8) - -

F
Fisher’s exact test
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Table 3: Detected organism from culture among both groups (N=188)

Organisms Dead (n=59) Survivors (n=129)
Klebsiella pneumoniae 20 (33.9) 48 (37.2)
Burkholderia pseudomallei 11 (18.6) 10 (7.8)
Streptococcus pneumoniae 7(11.9) 19 (14.7)
Escherichia coli 4(6.9) 9 (7.0)
Pseudomonas aeruginosa 4(6.8) 11 (8.5)
Staphylococcus aureus 3(5.1) 12 (9.3)
Beta-hemolytic streptococcus 2(3.4) 0(0.0)
Hemophilus influenzae 1(1.7) 8(6.2)
Klebsiella oxytoca 1(1.7) 1(0.8)
Non-ferment gram negative bacilli 1(1.7) 1(0.8)
Gram negative bacilli unidentified 1(1.7) 0(0.0)
Hemophilus parahaemolyticus 1(1.7) 0(0.0)
Plesiomonas shigelloides 1(1.7) 0(0.0)
Proteus mirabilis 1(1.7) 0(0.0)
Streptococcus acidominimus 1(1.7) 0(0.0)
Enterobacter species - 4(3.1)
Enterococcus faecalis - 1(0.8)
Moraxella catarrhalis - 1(0.8)
Plesiomonas species - 1(0.8)
Providencia rettgeri - 1(0.8)
Salmonella spp. - 1(0.8)
Streptococcus group D - 1(0.8)

nshuwgmsideiingUielsalendniauyuuy
289 NP score wuseanilu 3 categories A low risk,
intermediate risk waz high risk F388nsn 151 8e%3n
Tu 30 Yu Andudesay 2.1, 26.1 uay 79.3 Auady
nsiseuiisuaugnaesaiuglunsituieaiy
‘Ao maideTinvesiihelsaensniauguuy seming
NP score, CURB-65 wag PSI score Wu3n NP score 3
A1 specificity S08ay 97.6 @9n31 PSI score Uag
CURB-65 1at specificity PSI score 111U Souas
68.8 taz CURB-65 AU 50882 63.0 AMUAIAU LA
NP score & sensitivity fish Aedesay 37.1 luvausil
CURB-65 wag PSI score il sensitivity Viqm’iﬂﬁa ot
Ay 46.8 uag 59.7 Mmua1sU 9819L5ARL NP score

A1 NPV uay PPV fidaudnagaits 2 A1 (NPV = 86.1%,
PPV = 79.39%) luvauz#l CURB-65 uay PSI score aeil
NPV figslndiAnsiu (85.29% wag 87.2% mud1du) us
PPV G?ﬂﬂd? (PPV = 24.1% Wag 32.5% Aud1au) Ay
P13797 4
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Table 4: Discrimination performance of NP score, CURB65 and PSI score for hospital mortality

. No. of . . AUC £ SE
Categorical Sensitivity ~ Specificity NPV PPV
dead/ total (%) (95%Cl)
High 46/58 (79.3)
82.7+0.02
NP score Intermediate 72/276 (26.1) 37.1% 97.6% 86.1% 79.3% (79.5. 85.6)
Low 6/284 (2.1) o
High 58/241 (24.1)
57.0+0.03
CURB-65 Intermediate 45/218 (20.6) 46.8% 63.0% 82.5% 24.1%
(53.0, 60.9)
Low 21/159 (13.2)
Class V 74/228 (32.5)
Class IV 39/233 (16.7)
67.5+0.02
PSI Class Il 9/90 (10.0) 59.7% 68.8% 87.2% 32.5%
(63.6, 71.2)
Class Il 2/47 (4.3)
Class | 0/20 (0)

NPV = Negative predictive value, PPV = positive predictive value

AUC = Area under receiver operating characteristic Curves, SE = standard error, Cl = Confidence Interval

NP score finuarunsatunisitune n1side
Fanldfian woifleuiy score du so9a9undD PSI
score way CURB-65 Tnefisziu AUROC fi5ouas
82.67, 65.74 uay 56.97 Aua19U lng NP score LU
iwsesiieflanunsavinnensidedinviefnuengUae
fdedinuazliidedin (discrimination) Tuseauf
\Hou (Excellent discrimination) @ PSI score
agluszAuyIunais (Fair discrimination) way
CURB-65 8¢ s¥aule (Poor discrimination)

U dl
AN 1

uaﬂQWﬂﬁﬁqﬂizLﬁummgﬂéfmmuﬂwaa NP
score Tng14 calibration curve Saudunsmfiuansds
auduRusszninemsdedisfinianisallagld NP
score (predicted risk) fUn151@8T3A R AAT YRS
(observed risk) fanansluninil 2 2z nu36 score
calibration plot wams good agreement T¢11139 NP
score kagn1sidedInvegUlelsaandniauyuvu lag
NWUINIA calibration in the large (CITL) WA 0 Lans
fansdedisiinnnisallagld NP score @anadaafu
nsdediniiintuase deludeiu discrimination

ability 910 Hosmer-Lemeshow test
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Figure 1: Receiver operating characteristic curves

for prediction of likelihood of dead in patients

with pneumonia
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Figure 2: Calibration curve of NP score in ex-
ternal validation cohorts. The predicted mor-
tality agreed with the actual mortality in the

Nakhon Phanom

31N Decision curve analysis nandi 3) Tu
WWeossausgloviunieaddn wuan Tun1sviuienis
WdedinveedUlelsavandniauyuyu NP score
a@1115014 net benefit ﬁqamﬁ PSI score gy CURB-
65 Tur19909n15UIENISIEETIR threshold proba-
bility 7 1-90%

Net Benefit: Treat All
\ — Net Benefit: Treat None
/ Net Benefit: NP score
\ Net Benefit: CURB6S
-\ —— Net Benefit: PSI

Net Benefit

051

-051

Threshold Probability

Figure 3: The DCA curve of medical interven-
tion in patients with the NP score, CURB65, PSI

in Nakhon Phanom province

aAusENa

A3Teladmul NP score Fa.8u clinical risk
score Alddmiunsuszifiuanandeinisidedinues
qursvensniavyuvulugflngfsulisnuily
lsang1unauAsHuY lagenfednuueniadidnyes
AUae ldun Apzuuu ECOG, Ay shock, AdaLden
917 (white blood cell count) Haenin 4,000 cell/
cumm, s¥au lactate Tudam ¥1AN31 4 mmol/L
wazualenwLsgUan Wu multi-lobar %39 bilateral
pneumnonia 9bARIUAIATIvARUAIINATIN1ETY
(internal validation) 118Usslewtiuazldlaasalunis
yhuneaudssensidedinvestitaelsatensniay
guvluglngisul3nuilulsameiua’

TumsAnwdg3delaviinisnsaaouaunss
Aguen (external validation) ¥4 NP score TugUag
Uandniauyueu I3ulinululsmenuiadainunsmuy
3 uvia leiun Tsaneunaumsiu 1saneunaaunansy
ENTIVSWNUY hazlsang1uraasansy J91uaungy
fog99ieAu 618 18 Wudn NP score Sfafnans
Usznns Ae 1Ju clinical risk score 7ilalegsgndudo
Tddnaszmaenddn (common variable) fnuldlutiun
yhlulughednfunmsinululsmeiuia awnsa
WnalalaiglunmaasuJia (routine practice), # dis-
crimination Wag calibration fiAluMs NN TAe T3
ety 30 JuvesdUlslsavandniauyuvuluglng
wona Nl NP score faflruannsalunsdnuenilied
fandsswiomadeTinldfinin PSI score wag CURB-65
o clinical risk score fifealdlunivufuatagiu
Faidu NP score Faflaunzasegnadilunstanlily
WUHUR TumsdnaulalinsauwasnugUelivingay
MusEFUALAD

\ioLUTeuLiteu NP score U clinical risk
score/predictive score 3u Tun1sfnwidu wun
finuatunsaiiguiianseaninlunisyiunenns
deinvasithelsnvansniauyuuu lowd Msvitwienis
detingelensniauyusulagld PSI score, CURB-65,
CRB-65, IDSA/ATS 2007 minor criteria 8 AUC ¢
SEWINe 070079, 0.73-0.77"° 7, 0.69-074 " uag
0.78" puddiu
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lefinsantednsnadeTinfigauasnnli
dintuvesiihevandniaurumuluglvg Tsmeiua
umsnuy neUn.e. 25632565 Anludosaz 9.83,
11.99 wag 16.05 pud iy eildnsnsidediniige
nisfnNiIYes Garcia-Vidal et al inudng,
mMadetinanndensniavyuvu fosay 7.7° wie
N135AN®1999 Reechaipichitkul et al WUEAI1NS
AeTinanvendniauuvusiy fevas 5.9° A9
@314 clinical risk factor lun1sviungnisidedin i
anudnduieliunndaiuisonianisainas
Usziflunadws nsguasnwifiaelsognsustiue 3
zfanudraylunisdndulanisadfinvesunndgluy
nslinsguasnuiithelunduidesgs Treandnsns
detinaslaluouian

oo o A

A1 septic shock utladeidsafidfnyd
duiusiudnsnsdedinluduieUendniauyuy
WUNISAN®Iv8T Ewig S, et al’” wagn1sfnuives
Sirvent JM, et al23 ﬁWU’iﬁm’Jz septic shock Lﬁu
ANuABIN3EeTAngsde 8.4 v (RR 8.4; 95% CI
1.8-36.6)" uag 8.9 1 (OR 8.9; 95% CI 4.5-17.7)°
AIUAIAU @OAAABIAUNITANYIU8Y Sankaran P, et
aL24 ez Nullmann H, et al25 ﬁ‘W’Uﬁ’I shock index
(Sl 1w sensitive indicator 999019 LV dys-
function tJutadedildlunisiuenisdeFinves
fUhevensniauyuyuld Tnofuaedil si> 1.0 4
AmEsInndeTinnelu 30 Yu geandngUaenil o
< 1.0 §9 2.48 11 (OR 2.48; 1.04-5.92; p=0.04)""
way 2.72 11 (OR 2.72; 95% Cl 1.42-5.21; P
<0.01)" WWuilirdannin angden (shock) gn
danlduduuslunisinensidedia wagaanu
deslunisidn 1cU Tu clinical risk score laisnniin
28NN NP score Aagdl CURS! criteria’ way Ma-
jor criteria v83 IDSA/ATS 2007°° agnslsfiniu clini-
cal risk score Ml#lugtagdandniavyumudiulug
laid1az18u CURB-65, CRB-65, PSI score, IDSA/ATS
2007 minor criteria, SCAP score, SMART-COP %
Tdny Hypotension, SBP < 90 mmHg %39 DBP
< 60 mmHg Wusuustunmsineanudsdunis
Fetn AUTULTIwedlsATINaRUABINIg inten-
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sive respiratory or vasopressor support (IRVS) lag
Turangns@nwinuin Anuaulaia SBP < 90 mmHg
Ve DBP < 60 mmHg uiladedifanuduiusiunis
detnvesiUlslendniauyuvuegiledfymsatia
Wupnudess@edin 0.992-4.8 wh 7 uenanil
Fafin1sfnwines Ewig S, et al fimudnnae septic
shock @1315091MW8ANTULTIVRILsALARNIIAIIY
fulatin SBP < 90 mmHg 38 DBP < 60 mmHg lny
i sensitivity, specificity, PPV way NPV figanin™ agnals
Antunisldinasianuduladnlunisusyifiuaing
JuLsaadlsavandniauyuYy 81aviliminAuEn
wanm (false negative) lalugthngeang iiesannaiy
YNV systolic HT qqmumqﬁlﬂwﬁyuza

N15AN®1v04 Pieralli F, et al Wwu11 ECOG
score Mfintu Wiunuthasduvesnsidedialu 30
Tuvesrtheveasniauyuou Tunsiasieiiuy mul-
tivariate logistic regression analysis (adjusted OR
2.19; 95% ClI 1.60-3.01; p<0.0001) Ine ECOG score
3 w3e 4 azifinAdnuidssreanisdedings 4 i
(adjusted OR 4.07; 95% Cl 1.84-9.02; p<0.001)
wanadia functional status ¥eeRUde AAUFUTUS
Tneaseturadnsiihfunsshwilulsmenuvadelse
Uandniauguvu nsldiaiesiieiiiouarsiniiaeeig
ECOG score 819%78uUat (risk category) AANLALA
vasmdeTinlanmu’

wonanil AwUsnieriesujuRnisnieadin
sadanngresidnseniiuldlu NP score dnsfh
Wuthfedfinnuduiusiunndedinvesivaslsa
Uanoniauyuyu Tnevieniag leukopenia (WBC
<4,000 celVcumm) wagseau lactate TuLdon
1A 4 mmol/L luernisuansfiduiusiuniig
sepsis FaifinaAssienisidedinluiiielsavon
Snauguan’ 7 WuiReifudnwarninaiesed
n3290n My multilobar pneumonia %38 bilateral
pneumonia AduTusiUANTULTIVRlsA uazLiy
ANULEBIRDNTSIEBTR 2.57 11 (OR 2.57; 95% Cl
1.83-3.61)" wag 2.8 1¥i1 (OR 2.8; 95% CI 1.9-4.2)"
AUAINU
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Jenanlédn fuustauaves NP score 3.y
foyandfgyfazianyhuensidedinveiaelsa
Yondniauguou laailun1suua risk category fu
FEAUALLUY

a;m@imaqmiﬁﬂmﬁ Ao unsdnwfaauly
U199t (prospective observational study) ¥i11#n1s
Nawruivdoyaiielilddoyafinsudiurinleineg
i missing data Tfos wenanil FauUsilelu NP score
Judeyanisrddniifiusivnuldiglunyy joa
waziduransIImaieslfiRmsinunTidegily ms
Frunn laigienndudou uagannisduinmsadiaie
discrimination performance, score calibration plot
Wag decision curve analysis WuU31 NP score Vu
i3esilenpddnlunsviuiemsdedianielu 30
voaffihelsalendniauuvuiifiussavanmdun

dadinvansine
Jumsfnwiivdeyalulsmeiviaswinnas
Nde1gsunnduiRauegiiadu ds Isaneua

[ (%

Jda waglsanerutaguruvuaive) uenatnidauiu

Toyaangludminuanuy onvilisidedndialuns
lleluaens

ayunanIsAnen

n1sAnefldnsi9dounAILATINIBUBN
(external validation) ¥89 NP score Wu11iA31Y
wriuglunisyiunelenianisidedinluy 30 Tu v99
Fthelsavendniauysmuidnumssnilulsamenuia
upsLL waglsmenunaluuilindifies waeiiszavi
awilwilondn CURB-65 wag PSI score v Ui
Uaqtu

Forauauurlunmsiteasasialy
1) A193N15¥1N199 92940V external valida-
tion Tulsameruravuindue 1y 15ame1viayuwy
vedn, Tssweruaguivuelng) saufaveneiui
nsAnludmislndiAsaieUssidulseansniwyes
NP score
2) msiinsAnwifian Tun1sih NP score
ludsgnaunisimuikuImisnisguasnwgUielsa

Uamé’mﬁuqmuﬁmmzam (intervention) @1y risk
category fiwuslag NP score LiloUsziiulssavina
484 intervention Tun1stesiunsidedinvesiUqely
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