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Abstract

Increased values of the FIB-4 index appear to be associated with poor clinical outcomes in COVID-19 patients. This study
aimed to develop and validate predictive mortality models, using data upon admission of hospitalized patients in four
COVID-19 waves between March 2020 and January 2022. A single-center cohort study was performed on consecutive adult
patients with Covid-19 admitted at the Fondazione Policlinico Gemelli IRCCS (Rome, Italy). Artificial intelligence and big
data processing were used to retrieve data. Patients and clinical characteristics of patients with available FIB-4 data derived
from the Gemelli Generator Real World Data (G2 RWD) were used to develop predictive mortality models during the four
waves of the COVID-19 pandemic. A logistic regression model was applied to the training and test set (75%:25%). The
model's performance was assessed by receiver operating characteristic (ROC) curves. A total of 4936 patients were included.
Hypertension (38.4%), cancer (12.15%) and diabetes (16.3%) were the most common comorbidities. 23.9% of patients were
admitted to ICU, and 12.6% had mechanical ventilation. During the study period, 762 patients (15.4%) died. We developed
a multivariable logistic regression model on patient data from all waves, which showed that the FIB-4 score >2.53 was
associated with increased mortality risk (OR=4.53, 95% CI 2.83-7.25; p<0.001). These data may be useful in the risk
stratification at the admission of hospitalized patients with COVID-19.
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Abbreviations Introduction

FIB-4 Fibrosis-4 Index

GGRWD  Gemelli Generator Real World Data Liver injury is frequent in patients with COVID-19, with
ICU Intensive care unit a prevalence of up to 70% [1, 2]. Greater liver functional
LOS Length of hospital stay impairment is associated with more severe forms of the dis-
PLT Platelets ease. Subjects with chronic liver disease have a higher risk
ROC Receiver operating characteristic of severe clinical events related to SARS-CoV-2 infection
SME Subject matter experts [3].

The Fibrosis-4 Index (FIB-4) is a score derived from rou-
tine blood tests, including AST, ALT, platelets (PLT), and
age. This score predicts mortality and not-liver-related clini-
cal outcome [4, 5]. Some studies have explored the associa-
tion between COVID-19 outcomes and FIB-4. While some
were prognostic models.[6-9], others referred to intensive
care admission and the need for mechanical ventilation [7,
10, 11]. Machine-learning approaches are a valuable tool
Marianxhela Dajko and Maria Chiara Savino have equal for decision-making and capacity allocation and are also
contribution. increasingly used for COVID-19 patients [12-16].
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We evaluated clinical and laboratory data of all patients
with COVID-19 admitted to Fondazione Policlinico Univer-
sitario Gemelli IRCCS (Rome, Italy) in terms of in-hospital
mortality, mechanical ventilation need, length of hospital
stays (LOS) within 10 days and admission to the intensive
care unit (ICU). We aimed to develop prognostic models
for in-hospital mortality during the first four waves, using
a machine-learning approach on routinely collected clinical
data of patients with available FIB-4 scores.

Methods

This retrospective study was approved by the local ethic
committee (ID: 3119). It included all patients with a con-
firmed diagnosis of COVID-19 at Fondazione Policlinico
Universitario A Gemelli IRCCS during four waves of the
COVID-19 pandemic: (i) First wave: March—June 2020; (ii)
Second wave (October 2020 to February 2021); (iii) Third
wave (March—June 2021); (iv) Fourth wave (November 2021
to January 2022). Diagnosis of COVID-19 was defined as
the presence of > 1 positive RT-PCR SARS-CoV-2 test from
a nasopharyngeal swab at admission.

The research was conducted in accordance with both
the Declarations of Helsinki and Istanbul, all research was
approved by the ethics review committee of Fondazione
Policlinico Gemelli IRCCS, Rome, Italy (ID: 3119).

Outcomes

The primary study outcome was in-hospital mortality. Sec-
ondary outcomes were ICU admission, mechanical ventila-
tion use, and the patient was discharged within 10 days from
admission.

Data source

Patients’ data were retrieved from electronic healthcare
records using the hospital's data science facility Gemelli
Generator Real World Data (G2 RWD), a recently devel-
oped data analytics and artificial intelligence platform [12,
17]. All data were deidentified before extraction. The G2
RWD repeatable framework leverages several artificial intel-
ligence (AI) techniques to build the disease-specific data
model and data set: in this study, the COVID Data Mart,
already described elsewhere [12]. COVID-19 Data Mart
[12], is built on standard procedures that apply natural lan-
guage processing algorithms to medical reports. These pro-
cedures are based on sentences/words tokenization and a
rule-based approach supported by annotations defined by
clinical subject matter experts (SMEs) [12].

For each patient, information related to comorbidities,
symptoms, vital signs and laboratory exams, demographic
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and clinical data prior to therapy for SARS-CoV-2 infection
were evaluated (Supplementary material).

The FIB-4 index was calculated using the follow-
ing formula: age (years) X AST (IU/L)/[platelet count
(10°/L)/ \/ ALT (IU/L)] [18].

Data analysis

Data were analysed by descriptive statistics. Univariate
analysis was used to compare potential predictors during
each COVID-19 wave for in-hospital mortality, mechani-
cal ventilation needs, ICU admission and discharge within
10 days from admission. Data were compared by the 4 test,
the T-tests, or the Mann—Whitney U test, as appropriate. A
univariate logistic regression model was used to evaluate
how the components of the FIB-4 score (age, PLT, ALT and
AST) and the score itself influenced the probability of death
in each of the four waves.

Furthermore, a multivariate logistic regression model
focusing specifically on FIB-4 was fitted on patients' data
for each wave. For the statistical modeling, the whole data-
set was randomly split into two parts: the training set (75%
of the total observations) and the test set (25% of the total
observations). A stratified sampling strategy was adopted to
preserve patient distributions across waves (Supplementary
material).

The algorithm led to the following discretization: NLR
Score was grouped into three groups (< 3.87, 3.87-7.51
and >7.51), FIB-4 score was grouped into two groups (<2.53
and >2.53), hemoglobin was grouped into two groups
(<12.9 g/dL and >12.9 g/dL), hematocrit was grouped
into two groups (<38.30% and >38.30%), calcium was
grouped into three groups (< 8.94 mEq/L, 8.94-9.40 mEq/L
and > 9.40 mEq/L), urea nitrogen was grouped into three
groups (< 17.00, 17.00-26.00, > 26.00 mg/dL) and Charl-
son score was grouped into four groups (< 3.00, 3.00-4.00,
4.00-6.00, > 6.00).

A logistic regression model was trained based on the
training set using forward features selection to remove any
features that did not significantly affect survival prediction.

A new logistic regression model that included only the
significant variables coming from forward features selection
and FIB-4 score was estimated to reduce model dimension-
ality. Moreover, a 'wave' variable was included in the final
model representing differences across waves in clinical char-
acteristics and organizational factors.

The performance of the final logistic regression model
was evaluated on the test set through a receiver operating
characteristic (ROC) curve analysis and the resulting AUC.
The logistic regression model was optimized to maximize
the Youden index. The performance of the model after tun-
ing is shown in a confusion matrix and by computing accu-
racy, sensitivity, specificity, and negative predictive value.
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To further investigate the FIB-4 score discriminative
power on in-hospital mortality, the Kaplan-Meier method
was used; results were compared by log-rank test.p <0.05
was considered significant unless otherwise stated. All sta-
tistical analyses were performed using R software, version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria).

Results
Cohort characteristics

A total of 4936 patients were evaluated. Demographic data,
comorbidities, clinical data at admission, and clinical out-
comes are shown in Supplementary Table 1.

Briefly, over the entire timeframe, 1981 (40.2%) patients
were discharged within 10 days from admission, and 762
(15.4%) did not survive. The median LOS was 11 days [IQR
6-20 days]. The frequency of ICU admission and mechani-
cal ventilation was 23.9% (n=1178) and 12.6% (n=624),
respectively.

Daily hospital admissions and deaths across four COVID-
19 waves are displayed in Fig. 1, while each wave’s demo-
graphic characteristics and outcomes distribution are
depicted in Supplementary Table 2. During the second wave,
which covered a longer period than the others, in-hospital
mortality was higher than in the other waves (448/2336, 19%

vs 85/570, 15% in the second wave vs 133/1064, 12% in the
third one and vs 96/966, 10% in the fourth wave; p <0.001).
The beginning of the vaccination campaign in 2021 led to a
decrease in daily counts of admissions and deaths. Discharge
within 10 days shows a positive trend, with an increasing
percentage of patients discharged with a shorter length of
stay (26%, 39%, 42%, and 48% from the first to the fourth
wave, respectively).
FIB-4 score did not differ across waves.

In-hospital mortality: primary outcome

The median age of patients who survived was 64 years [IQR
53-76 years], while the median age of patients who did not
survive was 83 years [IQR 78-88 years], p <0.01 during the
first wave (Table 1).

Data related to ALT were available in 4681, with a
median value of 24 IU/L [IQR 15-40 IU/L], and those
on AST were available in 1277 patients, with a median
of 31 IU/L [IQR 22-49 IU/L]. There were no differences
between patients regarding in-hospital mortality status for
ALT for all four waves, while AST higher values were asso-
ciated with mortality for the first and second waves. Higher
values of neutrophils, white blood cells (WBC) (p <0.01),
procalcitonin, IL-6, D-dimer, glucose, direct bilirubin, INR
and LDH were reported in the group of non-survivors com-
pared with survivors (p <0.01 for all comparisons).
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Fig.1 A Daily hospital admissions and B daily deaths at Fondazione Policlinico Universitario A. Gemelli IRCCS across COVID waves

@ Springer



Internal and Emergency Medicine (2023) 18:1415-1427

1418

100> (6S°0L) 9¢ (95°sv) 1€C S0'0 (69'89) 89 (96'L5) 98¢ 100> (LLvL) 091 (z8'8p) SIS 170 (6T79) 9¢ LrTo) vyl eoudsA(
70 €11 (2919 ¥S1 10°0 (Sren 81 (€1Te) €1T €C0 (81°92) 0S (r8'0e) Tee 100> (€0'1€) 81 (6°€9) Sv1 ysnopy
eIsnag
Ly'0 (€€D1 (zeD9 9L'0 Lroxe (ere)cc 100> Lso1 (S$'9) 29 8¥°0 68 D1 (959 v1 -skp/erwsouy
LYo (2889 0€ (se'e9) 6LT 100 (89'€9) 1S (8L'L9) L9¥ 70 (z0'29) 621 (65'8S) 859 I (9¢'9L)Ty (90'LL) S1T Ioadd
uorssrupe je swoydwAsg
Kouaro
90 azos (STv) L I €N (900 61 7o [(SAIXY (66'1) LE I QoI (LoD 01 -Jepounuuiuy
wsIoquId
Kreuownd
S0'0 Ury v (9T D11 I 10ev (6D LT IL0 (€D o1 (107) 8¢ I (€59 € (Trv) 0T /stsoquioayy,
910 o (€s) e S0'0 (9T € (€r'0) ¥ €ro (6L D)8 (16'0) L1 I o azo) 1 SISOULITD
oseasIp
I 0D 1 (CIA RN ! ((YADR 61D 11 170 e 9 (98°0) 91 I (CINON (Sy'DL Aoy
JsBISIp
100> (6L'61) 61 8z8)zL 100> LLre €t r0'€)8T 100> (€EL¥T) 99 (e se 9C0 (90'L) 9 (€1'¥) 0z Koupry druory)
9sBASIp
1o (ST9)9 Lo ve 0 Les (S6'1) 8T 100 (Lse) 9t (Sv'D Lt 00 (88°9)¢ (Sy'1T) L Teunsouonsen
100> (T6'TD) T L) €9 10°0 (6T¥1) 61 (8¢'L)89 100> (L6'8T) S8 (6£'8) 951 100> aLvo 1c rson 18 Apedoumaug
9seasIp
8C°0 (8€°6) 6 (Te9)ss 100> (€02 91 667) 9% 100> (Tosp oL o9zt 100> (6T°SD €1 (€1'%) 0T IB[nOSeAOIpIED
€00 (€799 (810 61 LT0 9T9 L (6LD9T 100> (9°6) € (19'v) L8 I1°0 (90°L) 9 (60°€) ST aons
9seasIp
o (€T9)9 8y 66 100> (€501 ¥1 8z 1T 100> 61'L1) LL oLre)oL 100> (S9LD) S1 (Lre)se [ed150[0maN
y1°0 (€8°00) 0C 6'v1) O€1 150 (€501 ¥1 (69'8) 08 100 (6T91) €L (19’1 912 ¥0°0 (S9LD) S1 (aLe Ly KoueuSiepy
60°0 aLe) v (89°€€) €6T 00 (Irsv) 09 (€5¥€) 81€ 100 (ze'Ly) T (E¥'0p) TSL 00 (88°Sh) 6€ (89°¢€) €91 uotsualedAH
100> (LT'6D) 8T oD LTT g0 (r0's1) 0T (€oeD ozl 100 (LLTo) To1 (LyL1) See 00 (SeTo 61 (6121 6 sejeqeld
((u
/3306 <INE)
¥1°0 (€€9) 9t (ST L91 €L’0 (cLD0¢ (850 91C ¥T0 (¥'81) ¢S 1o vIe ¢80 (Irspor @y 29 fisaqo
SInIpIqIowor
(T1€ (00¢ (80¢ (Trog (¥'8¢ (T6t (cLe 9Lz
€C0 —9°€7) 8'9C —¥'€0) €9C 19°0 “TYo €L —6'€7) $'9C 00 —€'€7) L'ST —8'€7) 09C 10 —v'10 v —'€7) €'6C (w/3Y) TNG
91’0 (€°8¢) 95 (0°09) Thv 900 (6€9) S8 (€69 SIS 100> (L09) zLe (8'2S) L66 Lo (9°LS) 6 (09) 16T S[RIN
100> (98-89) 18 (SL=L¥)T9 100> (€8-69) 9L (€L-6v) 09 100> (98-1L) 08 (LL=€9)S9 100> (88-8L) €8 (9.-€9) ¥9 (sreak) o3y
96 0L8 eel 1€6 8v¥ 8881 c8 1214 siened “oN
soryderSowa(y
soneA-d  SIOATAINS-UON SIOATAING  son[eA-d  SIOATAINS-UON SIOATAING Son[eA-d  SIOATAINS-UON SIOATAING son[eA-d  SIOATAINS-UON SIOATAING

soaem orwdpued 1nojy ayy ur Ayferown eydsoy up | djqel

pringer

Qs



1419

Internal and Emergency Medicine (2023) 18:1415-1427

(S8'¥L oTcs (or'sL (sTLe (00'9L (01°6€ (SL°09 (S¥'6c
100> —66°67)SS'8¢  —00°01)0S'TCT 100> —SH¥I)0ESE  —SE€8)0F6I 100> —0091) 006  —0S'8) 00°8T 100 —TL'ST) 0T0€ —G8'L) 09°%1 (1/3u) 911
FL0 (90 (870 610 (€90 #T0 090 (Izo (Tu/3u)
100> -01°0) €€°0 -80°0) €10 100> -60°0) L1°0 -L0'0) 010 100> —-01°0) 120 -L00) 110 100> —-21'0) €20 —L0'0) IT°0 UruolIo[edo1q
(ooor18 (05°880T (00°8zs¢€ (00'19¢1 (05°'819¢ 00°LSLT (00°s¥0t (00'9ZL1
-00'166) -00'90S) —-00'SLL) -00°S1t) -0S°08L) —-00'9%1) —-0S'9L6) -00'CLY) (T
100> 05°€861 00016 100> 000691 00069 100> 00°T091 00818 100> 00°¢S61 00°L06 /3u) 1owIp-q
(ST'1 (ss'1 901 (A FeT (65T szt (Is'1 (/401 XT122)
100 -19°0) £6°0 -TL0) 0T 100> —7S'0) ¥L'0 -0L'0)86'0 100> -19°0) 68°0 -8L0)CI'T 100> —99°0) 16°0 -18°0) v1'1 sajLooydwAy
(6S°1T (I¢s L6 (L0'8 66 006 9¢'6 (09 (/401 X1122)
100> -9%'%) 60°L —$6'€)09°S 100> —€$'%) 659 —-78'€) 0SS 100> -SS'9) 10°L -1 919 100> -I1S%) 689 —-LT'€) 0SSV spiydonnaN
(95°¢€1 (8L01 (6TC1 ¥8'6 (€811 (€601 or'11 (678 (/401 X1122)
700 —08'S) €L'8 -S9O ey, 100> —+0'9) 66'L TS 6I°L 700 -16'S) 19'8 -€8°9) 108 100> —-1LS°S) LT3 —78%) TI'9 ogam
(0s€LT (oo'oLz 00¥¥T (00'99T (00'19T (ST'L8C (0o'6LT (00°59T
—00'LED) —-00'9S1) -00'%€D) -00°091) -ST'8Y1) —00'tLT) —-00'6€1) -00'991) (/401 X 1199)
Y10 05261 0080C 100> 00°691 00'¢0C 100> 0S°10C 00°SCC 810 00°C61 00°01I¢C S19[1e]d
(06'6€ 1y 06'1¥ (og' ey (811 08zt (os'zv 09° ¢y
900 —09°TE)0T'LE —LL'EE) 00°8€ 00 06+ 0F'8€ —06'SE)0S6€ 100> —081€)0TLE —0T'SE) 0T'6€ 100 —09°€€) 08'8€  —06'9€) 09°0% (%) MId0IEWSRH
(08°¢T 09'%1 o191 0671 o191 0971 (IR 0671 (1P
100 —ST'TI)OLTT —SS'T1) 0T€l 100> -0V 1D 08CTI —0TTO09Cl 100> —0901) 0Tl —08TDOCEl 100> —0600)06TI —0£TI)0O8El /3) uIqo[Sowdy
K10jeI0QRT
(00°81C (00°00€ (0£90T (00°00€ 06'¥¥C (06'61¢ (Ly'1se (cTsLe
-0€°001) -0T'L¥T) -08'T01) —-G8'6¥1) -09'901) =LT'8ST) —-21'9ST) —2090¢
100> 00°LET or'80C 100> 00°071 0L 01T 100> 08°6S1 osvec 100> 0T°0¢C 0691¢ d/d
(SHwu)
amssaxd
S¢S0 (LOT-68) T6 (001-€8) 16 660 (€01-18) €6 (001-68) €6 100> (66-6L) 88 (66—£8)06 Y10 (L6-LL) L8 (L6—€8) 06 poojq ues]\
(onurw
10d 9yer)
800 O1-€1) 1 S1-¢D+¥1 100> (0z—¢€D S1 O1-2D 1 9C°0 (S1-2m €1 FI-cD €1 100> (91-21) S1 F1-2D) €1 Kroperidsey
LY'0 (88-1L) 28 (88—¢L) 08 LLO (#6-0L) 08 (06—€L) 08 S40 (T6-1L) 08 (68—2L) 08 9¢0 (06-L) 08 (68-0L) 08 (widq) syexiIeaHq
L (€L (L (S'Lg (s'Lg (TLe (08¢ (08¢ (Do) 2
€60 -0'9¢) €9¢ —-0'9¢) €£9¢ £€9°0 -0'9¢) +'9¢ —-0'9¢) €9¢ 650 —0'9¢) €9¢ -0'9¢) T9¢ Svo -0'9¢€) 6'9¢ -19¢) 1'Lg  -exodwoy Apog
(%) uon
110 (L616) 96 (86-66)96 100> (L6—€6) S6 (L6—+6)96 100> (96-26) S6 (L6—16) 96 I'0 (L6—€6) S6 (86—76) 96  -eInyes uadAXQ
®JRp UOISSTWPE [R)IdSOH
I (€SP T (209) 8¢ 620 (29h7 (L1'8) €8 S1°0 (€9°9) 01 (L0'6) 88 800 959 € (#0°S1) O  Jeunsajuionsesn
eIg
50 (CIN9XY (€9'91) 08 00 (#9°01) 0T 9710 TH1 Y10 (LEET) ST (T1°81) €81 €ro (1601 9 (91°07) T§  -Teaye/eIS[eAN
soneA-d  SIOATAINS-UON SIOATAING SON[BA-d  SIOATAINS-UON] SIOATAING SON[BA-d  SIOATAINS-UON SIOATAING SON[BA-d  SIOATAINS-UON] SIOATAING

(ponunuoo) | sjqey

pringer

A's



Internal and Emergency Medicine (2023) 18:1415-1427

1420

SOWIOINO [EITUT[D)

6Ly (cee (€€9 (Loeg (s6's Lt (90°L (8L¢
100> 057 S8°€E -61'D06'T 100> —TT0V 96'€ —€0D6LT 100> —6'1) 9¥'€ —T60)6S'T 100> —-0v'0) 8S°¥ —LTD6LT P-d1d
$159) QAISEAUTUON
(€T1 (801 (oz'1 (€11 @811 (601 811 601
100> —00'D) 601 —-L60) 20T 100> 90D 11T —T0D LO'T 100> 10D 801 —-L60) 0T 100> —€0'1) 60'T —00'D ¥0'1 INI
(00961 (0s°6v1 (00181 (00051 (SLL81 (00°sS1 (SLL81
-0026) —00°L8) —6L001) —00'16) —00'86) —0026) —CT68) (00LST (Tp/Su)
€00 00°6CI 00011 100 00cel 00°LIT 100> 00°¢el 00°8T1 LLO 00°€01 —0$'88) 00011 SOPLISOA[SIIL,
(0os¢g (0o'er SLey (000¥ (SL's€ (0ozy (0o 00 1¥ ('Tp/3ur)
100> —00'17) 00'LT —ST'LT) 00°S€E LO0  —00'17)000€ —00'LT) 00°€EE 100> —00712)00°6C —00'8T) 00°SE €00 —00°17) 00vC —SL'ST) 00'1€ [01189[0Yd TAH
(00'1¥1 (00°591 (ST8v1 (00°591 (0s0S1 (00°0LT (cLrer (00'L91
—GL'66) —-00911) —CLTID) —00°L1T) —00'901) -00°0Z1) —GL'88) —00'911) ('Tp/3ur)
100> 0SvII 00°6¢€T1 100 00°8¢I 006€r 100> 00°8¢I 00’ syl 100> 0S°0IT 00°9¢T  [OIaSa0YD [BI0],
(0o'1€ (00'9¢ (00ce (00s€ (0oce (00s€ 00z (00°8€
100> —00°S7) 00°'LT —00'87) 00CE 100> —$L'S2) 0062 —000€) 00°€E 100> —00°ST) 0062 —0062) 00CE 100> —0090) 006 —00'1€) 00°se  (71/3) urunqry
Ly (c8'1 (ce1 (L0 (ss'1 (080 (ce1 (050 (Tp/3u)
€50 —8L°0) G680 —0%'0) 09°0 100 —TL'0) 001 -0¥'0)0S0 100> —09'0) 06'0 —0$°0) 09°0 ¥0°0 —0$°0) 060 —0£'0) 0¥'0  UIqnIIIq 10011
(080 (080 (060 (080 (06°0 (080 (060 (080 ('Tp/3u)
I'0 —0¥°0) 09°0 =0$°0) 09°0 £8°0 =0%'0) 09°0 =05°0) 09°0 90 =0%'0) 09°0 —0$°0) 09°0 L6°0 —0%'0) 09°0 —0%'0)09°0  uIqnIIIq [eI0],
(0s'¥01 (0096 (00v6 (008L (0066 (0058 (0068 (0098
YI'0 —STES0STL —00'1S) 0S+9 Y00 —SLLY) 00¥9 —00'Ly) 008S 100> —00°SS) 00°EL —00'1S) 00°S9 TO —0S99) 0S'€EL —00'CS) 00°L9 (vnD d1v
(sz'ss8 (0009 (001L (00€9 (00'1L (0009 (0095 (0029
800 —ST'IT)00'6€ —00'61) 00 1€ SLO —SL1T)0S¥E  —00°TT) 00°SE 100 —SL'02) 000 —00°02) 00°CE 790 —00'10) 00°LE  —00'61) 00°TE (10D 1995
(0s°€s (008 (008 (0061 (0599 (STev (00°LL (sL0s
S0'0 —0S$'82) 00°SE  —00°1T 00°0€ 820 —00TY)00°€y —SLT1T)00CE 100> —00°L2) 00Ty  —00°07) 00°8T €00 —ST8T0STY —STED) 0S'1E (10D LSV
(008€ (00°6€ (001 (00t (0oor (00°8€ (sT6€ (00°6€
680 —00°€D00¥C —00F1) 00TT 90 —00'LD) 00'LT —SL'LT) 00°LT vL'0 —00vD)00€C  —00¥I 00°€T 180 —00¥D) 0S'€C  —00'ST) 00°ST (vnD L1v
(9¢C (€11 81 (86°0 (7R (801 (73 (801 (P
100> —96'0) €T'1 —69'0)98°0 100> —08°0) 101 —99°0) IS0 100> 780 TI'1 —89'0) $8°0 100> —LL'0)9T'1 —ZL'0) 88'0 /3w) duTunEAI)
(0o€ze (00'9¢€1 (oszLl (SLLet (00991 (00171 (00°L¥1
—-00CID) —00'96) —00°L01) —00'96) —00'L01) —00°$6) —00°€01) (oo'ezt (1P
100> 00cel 00°IIT 100> 06°LTI 00vIT 100> 00°8¢I 00vIT 100> 00'%Z1 —00°S6) 00801 /3ur) as0oniH
(0s9LS (ooety (0s°LSS (00 1€V (SLogs (00zov (SL'129 (00°z6€
-00'90€) —00°S127) —00°S1€) —00'8€7) -00'TLD) —00'122) —GT01¢) —00'L10) (/NI oseuad
100> 00°S0r 00vec 100> 00 vCr 008I¢ 100> 0098¢ 0ovec 100> 00 €Ty 00°T8C  -0IpAyap dnoeT]
(091 (og'1 (061 (Let (ore (os'1 (ST (ov'1 (7/10ww)
100 —06'0) STl -0L0)00T 100> —-00'1) 0¢'1 -0L'0000'T 100> -0I'D 0g'T —-08'0)00'T 100> —CeDOLT —1L°0)00°T dejoe|
(ST'L91 (00°6T (0598 (00'1T (00°cst (sTLe (0ozI1 (0s'st (1/3u)
100> —0000)0S'IL  —00'S)00'IT 100> —00€D)00'6T —00$)006 100> —009D000F —009) 00Tl 100> —0S02) 008y  —0SS) 0001 urwodon SH
sonfea-d  SIOAIAINS-UON SIOAIAING SON[BA-d  SIOAIAINS-UON SIOATAING  SON[BA-d  SIOAIAINS-UON SIOAIAING SonjeA-d  SIOAIAINS-UON SIOATAING

(ponunuoo) | sjqey

pringer

Qs



Internal and Emergency Medicine (2023) 18:1415-1427

1421

Table 1 (continued)

Non-survivors p-values

Non-survivors p-values Survivors

p-values Survivors

Non-survivors

Non-survivors p-values Survivors

Survivors

9(5.0-150) <001 11(6.0-19.0) 13(6.7-23.0) 0.01 11(6.0-18.0) 14 (8.0-24.0) <0.01 10(5.0-18.0) 12(7.5-20.0) 0.05

15 (9.0-25.0)

Length of stay

(days)
Discharge

449 (48.44) 0 (0.00) <0.01 466 (53.56) 0 (0.00) <0.01

<0.01

<0.01 916 (48.52) 0 (0)

0 (0.00)

150 (30.93)

within 10 days

<0.01

51 (53.12)
38 (39.58)

201 (21.59) 81 (60.9) <0.01 142(16.32)
87 (9.34) 65 (7.47)

<0.01

199 (44.42)

389 (20.6)
136 (7.2)

37 (43.53) <0.01

78 (16.08)
52 (10.72)

ICU admission

<0.01

<0.01

71 (53.38)

<0.01

145 (32.37)

<0.01

30(35.29)

Mechanical

ventilation

Values shown are the median (IQR) for quantitative variables and number (percentage) for categorical variables. Quantitative variables were compared through 7-tests or Mann—-Whitney U test

according to their distributions. Categorical variables were compared by 4 test. Significance level <0.05

Patients with a diagnosis of COVID-19 )
from 06/03/2020 to 24/01/2022

6123 )
e ' N
Patients over 18 years old
6013
\\ J

~
(Patients hospitalized during four Covid

waves
L 4936 )
4 N\
Patients with FIB-4 score
1263
g J

Final number of patients after
preprocessing steps

1143

Fig.2 Flowchart of the study

PLT count was recorded in 4801 patients, with a median
value of 211 10°/mm? [IQR 162-275 10*/mm?] and was
higher in survivors compared with non-survivors only dur-
ing the second and the third waves.

Plasm albumin levels were recorded in 3325 patients,
with a median value of 32 g/L [IQR 28-35 g/L]. A
lower level of plasm albumin was correlated with poorer
survival.

The median of the FIB-4 score was 1.94 [IQR 1.16-3.36].
FIB-4 was available only for 1263/4936 (25.6%) patients
(Fig. 2).

Supplementary Table 1 shows comparisons between
patients for whom FIB-4 could be calculated and patients
without a FIB-4 measurement. The median age of patients
with FIB-4 was 65 years [IQR 51-77], while the median age
of patients without a FIB-4 measurement was 67 years [IQR
5479 years], p <0.01. Patients with FIB-4 had a higher inci-
dence of gastrointestinal disease (p =0.02), chronic liver dis-
ease (p=0.04), cirrhosis (p <0.01) and immunodeficiency
(p 0.01). In terms of symptoms at admission, FIB-4 patients
more often had fever, anosmia/dysgeusia, cough (p <0.01)
and dyspnea (p =0.05). Platelets count and triglycerides
were higher in patients without FIB-4 (p <0.01 and p=0.01)
while alkaline phosphatase was lower (p <0.01).

Patients who died from COVID-19 had higher FIB-4
compared with those who were alive upon discharge in
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Fig.3 Kaplan—Meier survival probability curves with FIB-4 as
covariate

every single wave. FIB-4 score <2.53 leads to a significant
increment (p <0.0001) in survival probability compared to
a FIB-4 score >2.53 (Fig. 3).

Differences in COVID-19 waves mainly affect patients
with high FIB-4 scores (>2.53) (Fig. 4). Considering the
group of patients with a high FIB-4 score, survival curves
separated significantly across waves (p <0.0001). A clear
separation exists between the first/second waves, in which
the probability of survival decreases rapidly over time, and
the third/fourth waves, in which the probability of survival
remains more constant over time.

In contrast, the separation between waves is not signifi-
cant among patients with low FIB-4 scores (p=0.051).

Validation of a multivariable model for the primary
outcome

The univariate logistic regression models fitted on the
components of the FIB-4 score and the score itself are
shown in Fig. 5. The relationship between the FIB-4 score

Fig.4 Kaplan—Meier survival A
probability curves across
COVID waves for patients A

Score Fib-4 22.53

with Fib-4 score <2.53, B with 107 o=
Fib-4 score >2.53. p-values of
the Log-rank test > 0.9

=

£ 084

o

Q.

g 07+

c

jm }

? 06+ p<0.0001

0.5

and mortality risk is monotonically increasing with a
steeper curve in the first and second waves.After preproc-
essing steps, 1143 patients and 35 variables were included
in the final dataset. The whole sample was randomized in
training (75% of the total number of observations) and in
a testing sample (25% of the total number of observations)
through a stratified sampling to maintain patient distribu-
tions across waves (16% during the first wave, 29% during
the second wave, 15% during the third wave, 40% during
the fourth wave).

The number of patients and the percentage of events in
the training and test set were 856 (11.4%) and 287 (10.4%),
respectively.

The binomial logistic regression shows that the mortal-
ity risk increases for FIB-4 score values >2.53 (OR =4.53,
95% CI 2.83-7.25; p<0.001). Patients during the third
wave (OR=0.34, 95% CI 0.15-0.75; p=0.007) and the
fourth wave (OR=0.40, 95% CI 0.24-0.66; p <0.001) had
a decreased risk of mortality compared with other patients.
The model also showed that mortality risk increases as LDH
increases (OR=1.001, 95% CI 1.000-1.002; p=0.021).
ROC curve analysis showed an AUC of 0.752 on the train-
ing set and 0.753 on the test set (Supplementary Fig. 1).
The confusion matrix shows an accuracy of 0.76 (95% CI
0.70-0.81) with a sensitivity and specificity of 0.64 and 0.77
on the test set, respectively. Negative and positive predictive
values are 0.94 and 0.25, respectively.

Secondary outcomes (mechanical ventilation, ICU
admission, LOS)

Patients requiring mechanical ventilation were older com-
pared with those who did not (72 years [IQR 63-78 years]
vs 68 years [IQR 53-80 years], p <0.05) (Supplementary
Tables 3 and 4).

Days
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Fig.5 Univariate logistic regression curves. A—D show the probabil-
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Lower oxygen saturation was also associated with the
need for mechanical ventilation (Supplementary Table 3),
ICU admission (Supplementary Table 4), mortality (Table 1)
and a lower probability of being discharged within 10 days
(Supplementary Table 5). Furthermore, lower PLT count
was correlated with admission to the ICU only during the
second wave. There were no significant differences between
the group who required mechanical ventilation and those
who did not for the first and fourth waves. Patients admitted
to ICU had similar FIB-4 scores compared with those who
were not admitted to ICU (median 2.03 [IQR 1.45-3.90]
vs 1.76 [IQR 0.98-3.19], p=0.21). Patients who required
mechanical ventilation had higher FIB-4 scores as compared
to those who did not (3.15 [IQR 1.56-5.87] vs 1.81 [IQR
1.01-3.26]; p=0.02). Lower FIB-4 were more likely to be
discharged within 10 days when compared with patients
with high FIB-4 (median 1.30 [IQR 0.74-2.36] vs 2.15 [IQR
1.41-4.00], p<0.01).

Discussion

Our study shows that FIB-4, a simple score based on clinical
data derived from routine laboratory analyses upon admis-
sion, is correlated with mortality and morbidity in patients
with COVID-19. Although this parameter was available only

Wave 2 —Wave 3 —Wave 4

are associated with a higher probability of death than in the third and
fourth waves. The same behaviour does not emerge with the other
FIB-4 components

for a proportion of patients, we also show the association of
FIB-4 with COVID outcomes across four waves of infection.

Prognostic models for patients with COVID-19 [19-21],
include factors, such as vital signs, age, comorbidities, and
radiological features. Our study tested NLR, LDH, BUN,
sodium, calcium, age, hemoglobin, and FIB-4 as independ-
ent risk factors for poorer outcomes.

FIB-4 has been validated for predicting the risk of fibrosis
in liver disease and is recommended as a first-line, non-inva-
sive test to rule out fibrosis [18]. Liver function tests altera-
tion is frequently reported during SARS-CoV-2 infection
and is probably due to direct viral damage to hepatocytes,
cytokine release, ischemic liver damage or drug-induced
liver injury [22, 23].

In univariate analysis, age was associated with a greater
need for mechanical ventilation, LOS and reduced survival.
Low PLT was also associated with reduced survival. Regard-
ing transaminases, we found that higher values were related
to a greater risk of mechanical ventilation for both ALT and
AST. While ALT was related to ICU admission, AST was
associated with prolonged LOS. Although we found no dif-
ference in mortality associated with transaminases, we dis-
closed a difference in FIB-4, resulting from the combination
of age, ALT, AST and PLT count.

Our results are consistent with other studies that
assessed the association of FIB-4 with mortality [2, 24],
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ICU admission and mechanical ventilation in COVID-19
patients [6, 10, 11].

The meaning of the FIB-4 score in COVID cohorts is
still under debate. FIB-4 now appears to have relevance as a
biomarker beyond the correlation with liver fibrosis or dam-
age, especially in the case of SARS-CoV-2 infection. Some
authors speculated that an elevated FIB-4 could reveal not
only underlying liver disease but can reflect a “systemic” or
multiorgan involvement of COVID-19 [7]. We agree with
this speculation, but further studies are needed to understand
the possible mechanisms supporting this hypothesis.

Our Al-based approach allowed us to test the variability
over the four COVID-19 waves. Interestingly, among the
four variables of FIB-4 score, age and AST (particularly in
the first two waves) showed the most prognostic impact on
mortality from COVID-19 infection, while ALT and PLT
count have a minor but still significant role. Despite the
prognostic role of age is well-established, AST role needs
further discussion. In SARS-COV-2-related disease, AST
elevation could either reflect direct hepatocellular damage
or systemic inflammatory syndrome involving the liver and
muscles. The hepatotropism of SARS-CoV-2 is further exac-
erbated in chronic liver diseases due to a higher expression
of ACE2 receptors as a response to liver fibrosis [25, 26].
An elevation of AST in subjects with SARS-CoV-2 infec-
tion without chronic liver diseases could be related to direct
cytotoxic damage and systemic and local pro-inflammatory
responses. Interestingly, AST and ALT elevations are likely
to persist after infection recovery, indicating chronic liver
damage that could eventually lead to fibrosis and chronic
liver disease [22, 27]. Alterations in liver enzymes are fre-
quent in patients hospitalized for COVID-19, but the tra-
jectory of alterations recorded during hospitalization is not
always defined [28], and there is often a lack of data about
pre-existing liver disease. The possible influence of such
alterations on COVID-related mortality is a matter of debate.
The EASL (European Association for the Study of the Liver)
recently recommended the need for liver enzyme monitor-
ing in patients hospitalized for hospitalized patients SARS-
COV2 infection [29]. Further studies are needed to better
understand the short- and long-term prognostic role of AST
and ALT elevation in COVID-19-related disease.

Using a machine learning approach, we outlined a cut-off
of 2.53 for FIB-4, beyond which the risk of death increases
significantly. There have also been other studies that have
considered FIB-4 in their models but with different cut-offs.
Park et al. [7] found a cut-off of 4.95 to be a good predictor
of mortality. Lombardi et al. [30] recently confirmed the
prognostic role of FIB-4 in 382 patients. They showed that
a FIB4 < 1.45 is a protective factor against severe SARS-
CoV-2 infection and that in patients with at least one meta-
bolic comorbidity, FIB-4 > 1.45 is associated with poorer

@ Springer

outcomes. Bucci et al. [31] showed in a prospective cohort
of patients that a FIB-4 cut-off of 2.76 has the best prog-
nostic performance for survival in severe COVID-19. The
strength of our cut-off is that it has been internally validated
by examining the model’s performance in the training and
test set, while the confusion matrix showed a well balanced
accuracy.

This study has some limitations. First of all, it is a retro-
spective study design. Second, the AST assessment is not
done routinely in the Emergency Department of our hospital,
thus implying the reduction of the availability of data on
FIB-4. The hospital’s policy of not providing routine AST
determination is based on several factors. These include the
limited diagnostic value of AST compared to other liver
function tests such as ALT and ALP, which are more specific
for liver damage in the emergency room setting. Addition-
ally, the high variability of AST and its relatively higher cost
compared to other liver function tests have also been con-
sidered. The decision is also in line with the recommenda-
tions from scientific societies that prioritize ALT over AST
measurement in emergency room settings to assess liver
function, as ALT is more specific to liver injury [32, 33].
Third, we were unaware of any previous pharmacological
treatments that could potentially contribute to the elevation
of liver enzymes before hospital admission. However, this
limitation is, in our opinion, overcome by a large number
of cases from a single center, which reduces the potential
variability associated with drug use prior to hospitaliza-
tion. Additionally, we did not have access to laboratory and
anamnestic data related to underlying liver disease prior to
SARS-CoV-2 infection. The strength of our study is the use
of Al in collecting demographic and clinical data from each
patient’s clinical diary. Another important point to note is
that our study is monocentric, which eliminates the bias
between different laboratory samplings.

The identification of a rapid, non-invasive, and cost-
effective predictor of severe disease that could help in the
early identification of patients who require more intensive
monitoring would be of major clinical value. Indeed, this
tool might facilitate the identification of cases at a higher
risk of COVID-19-related clinical outcomes. Given the
integration and automated data processing feature, the Al
integration with electronic health records can be used for
decision-support with a machine-based triage process that
can help wards and Emergency Departments during periods
of high peak and workloads. In addition, the availability of a
patient-centered data set that is constantly updated with new
patients and new clinical and laboratory data allows continu-
ous learning and validation, with the potential to identify
structural modification in the disease patterns, including the
influence of variants and vaccines.
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Conclusion

In a large monocentric cohort of COVID-19 patients, we
showed that FIB-4 assessed at hospital admission could
provide prognostic information and help clinicians identify
patients with COVID-19 disease at risk of in-hospital mor-
tality, mechanical ventilation, and ICU admission.

FIB-4 could be an easy and inexpensive tool for strati-
fication of the risk for COVID-19 subjects. The evaluation
of FIB-4 routinely at patient admission could facilitate risk
stratification and optimization of healthcare resources.

Given the specific setup, with predictors being developed
and validated on a continuously updated patients cohort, we
also show a paradigm for the integration in clinical practice
of pragmatic, replicable decision support, enabling rapid
assessment of disease severity at baseline and data-driven
comparison over time of evolving disease patterns.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-023-03310-y.
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