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Abstract. Background. Sepsis is a severe and life-threatening clinical syndrome characterized by a dysregulated host
immune response to infection. This maladaptive response promotes widespread endothelial injury and abnormalities
in coagulation, often progressing to multi-organ dysfunction and death. Mortality rates remain high, highlighting
the urgent need for reliable biomarkers to enable early identification of patients at high risk. Such tools are particularly
valuable in low- and middle-income countries (LMICs), where access to advanced diagnostic and therapeutic resources
is limited. Monocyte Chemoattractant Protein-1 (MCP-1) is a chemokine that reflects hyperactivation of the innate
immune system, while D-dimer indicates activation of coagulation and fibrinolysis. Although both pathways are central
to the pathophysiology of sepsis, data evaluating their combined prognostic value in LMIC settings remain scarce.
This study aimed to assess the prognostic significance of MCP-1 and D-dimer, both individually and in combination,
for predicting 28-day mortality in patients with sepsis. Materials and methods. We conducted a prospective cohort study
involving 83 adult patients with newly diagnosed sepsis at Dr. Saiful Anwar General Hospital, Malang, Indonesia. Serum
MCP-1 levels were measured using enzyme-linked immunosorbent assay (ELISA), and plasma D-dimer levels were
determined by immunoturbidimetry at the time of diagnosis. Patients were followed for 28 days, and survival outcomes
were evaluated using Kaplan—Meier survival analysis and Cox proportional hazards regression models. Results. Among
the 83 participants, 58 patients (70%) died within 28 days. Non-survivors demonstrated significantly higher MCP-1
and D-dimer levels compared with survivors. An MCP-1 concentration > 123.03 pg/mL was strongly associated with
increased mortality (HR 2.664, p=0.005). Elevated D-dimer (> 43.5 mg/L FEU) showed a weaker individual association,
but when combined with MCP-1, predictive accuracy for mortality was significantly enhanced (HR 3.986, p = 0.037).
Conclusion. The concurrent elevation of MCP-1 and D-dimer identifies patients with sepsis who are at markedly increased
risk of death. These findings support the potential utility of integrating inflammatory and coagulation biomarkers
for early risk stratification. Moreover, they highlight the central role of the inflammation—coagulation axis in sepsis
pathophysiology, with particular relevance for clinical practice in resource-limited settings.
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A. Iskandar et al. MHdekumns n uMmyHuTeT

NMPOrHOCTUYECKOE SHAYEHUE MOHOLUMTAPHOIO XEMOATTPAKTAHTHOIO MPOTEUHA-1 (MCP-1)
1 D-AUMEPA B OLLEHKE PUCKA CENCUCA: NPOCNEKTUBHOE KOTOPTHOE UCCJIEAOBAHUE
Uckangap A2, @arona C.2, Copaiig M."23, Jloa H.H.*

! Yuusepcumem bpasuoxcas, e. Masrane, Hnoonesus

2 BoavHuua obue2o npogpunsn um. 0-pa Caiipyna Aneapa, 2. Manane, Hnoonesus

3 BoavHuya obue2o npogpuns um. Yauna, e. bandwcapmacun, Hnoonesus
4 Hnoonesuiickas accoyuauyus epaveil, 2. Maarane, Hnoonesus

Pestome. Bsedenue. Cericuc mMpeacTaBisieT COO0M TAXKEIbIN KU3HEYTPOXAIOIMNI KIMHUIECKUI CHHIPOM, XapaKTe-
PU3YIONINIACS HAPYIICHUEM PETYISIMU UMMYHHOTO OTBETa OpraHM3Ma Ha MHGbEeKIn. Takoil ne3aganTUBHBIN OT-
BET CIIOCOOCTBYET OOIIMPHOMY MOBPEXKICHUIO SHAOTEIUS U HAPYIICHWSIM KOATYJISIINK, 9aCTO IIPOTPECCUPYIOINM
B IIOJIMOPTaHHYIO NTUCGHYHKIINU ¥ JIeTalbHBIN ncxon. [loka3aTean CMepTHOCTH OCTAIOTCS BRICOKMMU, UTO ITOAUEP-
KHMBAET OCTPYIO HEOOXOAMMOCTh B TIOA00PE HAIECKHBIX OMOMapKepOB IS pAHHETO BEISIBJICHUS ITAIIUEHTOB BBICOKOTO
pucKa, 4To 0COOEHHO aKTYJbHO JJISI CTpaH C HU3KUM U cpenHuM ypoBHeM noxoaa (CHC), rae moctyn K nepeno-
BBIM IMarHOCTUYECKUM U TepareBTUIECKUM pecypcaM orpaHuyeH. MOHOIIMTAPHBIN XeMOaTTpaKTaHTHBIN OeoK-1
(MCP-1) — 3T0 XeMOKHMH, OTpaxkalouluii TMnepakTUBAIMI0 BPOXKICHHOTO UMMYHUTETA, B TO BpeMs Kak D-aumep
YyKa3bIBaeT Ha aKTUBALIMIO KOATYISIUU U (hubpuHoaMn3a. XOTs 002 OMOJOrMYecKMX KacKaaa UTpaloT HEHTPaIbHYIO
poJib B MaTOGU3UOJOTUU CETCcKUca, TaHHbBIX, OLIEHUBAIOIIMX X COBOKYITHOE MPOTHOCTUYECKOE 3HAUYEHUE B YCJIOBU-
sx CHCI, nonyuyeHo HemocTatouHo. Lleabio naHHOro uccienoBaHusl Oblaa OlleHKa MPOrHOCTUYECKON 3HAYMMOCTHU
onpeneneHust yposHss MCP-1 u D-nuMepa — Kak 1o OTAEIbHOCTHU, TaK U B COYETAHUU — [JIsI TIPOTHO3MPOBAHUS
28-mHEeBHOI CMEPTHOCTH Y MAIIMEHTOB C cericucoM. Mamepuans: u Mmemods.. bblao IpoBeaeHO MPOCIEKTUBHOE KO-
TOPTHOE MCCJIeIOBAHME C YIaCTHEM 83 B3pOCIBIX TAIIMEHTOB C BIIEPBBIE AMATHOCTUPOBAHHBIM CETICICOM B OOJIbHUIIE
obmrero podunsg um. n-pa Caiicdyna AuBapa B Mananre, Munone3ns. Ha MOMEHT MoCcTaHOBKM IMarHo3a YpOBEHb
MCP-1 B CBIBOPOTKE KPOBU M3MEPSJICS ¢ TTOMOIIBI0 MMMYyHO(MepMeHTHOro aHanu3a (M®DA), a yposerns D-mumepa
B IUTa3Me — METOIOM UMMYHOTYpOunumMeTpuu. HabmomeHne 3a mameHTaMy TPOBOAMIIOCH B TeUeHMe 28 THEH, a pe-
3yJIBTaThl BBDKMBAEMOCTH OIICHUBAJIMCh C TIOMOIIBIO aHAIM3a BhkBaeMocTH Karmana—Matiepa 1 perpecCuoOHHBIX
MoJIeJIeil MpornopLUroHaIbHbIX pruckoB Kokca. Pezyasbmamer. V3 83 yyacTHuKOB 58 mauueHToB (70%) yMepiu B Teue-
Hue 28 nHel. Y HeBbIXKMBIIMX MAllMEHTOB HAOJII0aIUCh 3HAaUUTEIbHO Oosiee Bbicokre ypoBHU MCP-1 u D-numepa
1o cpaBHEHMIO ¢ BbIKUBIIUMU. KoHuieHTpaus MCP-1> 123,03 rir/m 6bl1a 3Ha4MMO CBsI3aHa C TOBBILIEHHO CMep-
THOCTBIO (OP 2,664, p = 0,005). IToBbIIeHHBII YpoBeHb D-11Mepa (= 43,5 mr/n ®OE [pubprHOreH-3KBUBaJICHTHAS
enuHuIa]) caM 1o cebe He Bcerna sIBISICS HeOJIaronpusTHBIM MTPOTHOCTUYECKUM MPU3HAKOM, OMHAKO COYeTaHHOE
noBbilIeHMe conepxanus D-gumepa u MCP-1 siBiisiioch 60Jiee TOUHBIM ITPEIUKTOPOM JieTaibHOro rexoaa (OP 3,986,
p = 0,037). 3axaouenue. OnHoBpeMeHHOE TOBBIIIeHNEe YpoBHSI MCP-1 u D-n1Mepa 1mo3BosisieT BEISBUTD NALIMEHTOB
C CEICUCOM, UMEIOIINX 3HAYNTEIbHO MOBBIIIEHHBIN PUCK CMEPTHU. YKa3aHHBIC TaHHBIC MOATBEPKIAIOT MOTEHIIMATb-
HYIO IPUMEHUMOCTDH COUETAHHOI OLIEHKM BOCIIAJTUTEIbHBIX U KOATYISIIMOHHBIX OMOMapKepoB IJIsI paHHEH cTpa-
TH(UKAIUY PUCKa, a TAKXKe MOTYCPKUBAIOT IEHTPAJbHYIO POJIb OCH BOCIAJCHUE—KOATYISLNS B TaTO(PU3NOJIOT NN
CeTICHca, YTO 0COOEHHO aKTYaJbHO JJIST KIMHUIECKOM MTPAaKTUKY B YCIOBUSAX OTPAaHUYEHHBIX PECYPCOB.

Karouesnie caosa: cencuc, npoenosuposarue cmepmuocmu, MCP-1, D-dumep, buomapkepsi Koazyaayuu, CmpaHsl ¢ 02paHu4eHHbIMU
pecypcamu.

Introduction

Sepsis is a life-threatening syndrome resulting
from a dysregulated host response to infection, lead-
ing to systemic inflammation, microvascular injury,
and organ dysfunction. Despite advances in criti-
cal care, sepsis continues to cause substantial mor-
bidity and mortality worldwide, with intensive care
units (ICU) death rates ranging from 30% to 50% [7,
22, 26]. Among the various pathological processes
in sepsis, coagulopathy has emerged as a key driver
of poor outcomes, contributing to disseminated in-
travascular coagulation (DIC), microthrombi forma-
tion, and multiple organ failure [4, 9]. Early identifi-
cation of coagulation disturbances is therefore criti-
cal for timely intervention and prognostication.

Monocyte chemoattractant protein-1 (MCP-1),
also known as C—C motif chemokine ligand 2

(CCL2), is a pro-inflammatory chemokine that re-
cruits monocytes and other immune cells to sites
of infection and injury. In sepsis, excessive MCP-1
release can amplify endothelial activation and trig-
ger procoagulant pathways, linking inflammation
to thrombotic complications [4, 9]. Elevated MCP-1
levels have been associated with increased disease
severity and mortality, possibly through their role
in immune—coagulation crosstalk.

Similarly, D-dimer, a fibrin degradation product,
serves as a marker of coagulation activation and fi-
brinolysis. In sepsis, elevated D-dimer levels are fre-
quently associated with sepsis-induced coagulopathy
(SIC) and the development of DIC, conditions that
exacerbate organ dysfunction and increase the risk
of death [21, 24, 25]. As a marker of endothelial injury
and clot formation, D-dimer has shown prognostic
value in assessing the severity of sepsis.
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in recent years, MCP-1 and D-dimer have
emerged as promising prognostic biomarkers in sep-
sis, offering insights into immune and coagulation
pathways involved in disease progression [11, 19, 31].
Given the intertwined roles of inflammation and
coagulation in sepsis progression, evaluating both
MCP-1 and D-dimer may provide a more compre-
hensive understanding of the immunothrombotic
pathways driving mortality. However, evidence
on their combined prognostic utility, particularly
in low- and middle-income countries, remains
scarce. This prospective study aims to assess the in-
dividual and joint predictive performance of MCP-1
and D-dimer for 28-day mortality in sepsis patients
in indonesia, with the goal of improving accessible,
mechanism-based risk assessment in resource-lim-
ited settings.

Materials and methods

Study design. This prospective observational co-
hort study was conducted at Dr. Saiful anwar gen-
eral hospital (RSSA), Malang, Indonesia. It is part
of a larger sepsis biomarker project designed to in-
vestigate multiple pathophysiological pathways
in sepsis. Each analysis within the cohort focuses
on distinct biomarkers and hypotheses. The present
study specifically examines MCP-1, an inflamma-
tory chemokine, and D-dimer, a coagulation marker,
in relation to 28-day mortality. Other analyses from
the same cohort that evaluated different biomarkers,
such as presepsin, soluble urokinase plasminogen ac-
tivator receptor (supar), and procalcitonin, have been
published or are under review separately, and are cit-
ed accordingly.

Sepsis diagnosis was made by the attending physi-
cians based on Sepsis-3 criteria (2016). Patients meet-
ing the eligibility criteria were enrolled consecutively
over a one-year period. Blood samples were collected
on the day of sepsis diagnosis, using residual serum
from routine venous blood draws to analyze MCP-1
and D-dimer levels. All patients received standard
medical care and were followed for 28 days to assess
clinical outcomes. The study protocol was approved
by the ethics committee of RSSA, malang (approval
no. 400/235/k.3/302/2019).

Study population and eligibility criteria. The study
included adult patients (> 18 years old) newly diag-
nosed sepsis based on Sepsis-3 definitions. Exclusion
criteria included chronic inflammatory diseases,
malignancies, or other conditions that could con-
found biomarker levels.

MCP-1 measurement. Serum MCP-1 levels were
measured on the first day of hospitalization using
the enzyme-linked immunosorbent assay (elisa)
method. The analysis was performed in accordance
with the MAX™ Human MCP-1/CCL2 protocol
(catalog no. 430107, BioLegend Inc., USA). Results
were expressed in ng/ml.

D-dimer measurement. D-dimer was quanti-
fied by immunoturbidimetric method on a “Sysmex
CS2100i” analyzer with siemens innovance D-dimer
reagents. The assay is based on the aggregation
of polystyrene particles coated with monoclonal an-
tibodies (clone 8d3) that react with D-dimer present
in the sample.

Statistical analysis. Comparative analysis between
survivors and non-survivors was performed using
the Mann—Whitney U test. Receiver operating char-
acteristic (ROC) curve analysis identified optimal
cut-off values for MCP-1 and D-dimer. Survival
analysis was conducted using Kaplan—Meier curves,
stratified by biomarker levels based on the derived
cut-offs. Hazard ratios (HRs) were calculated us-
ing cox proportional hazards regression. The pro-
portional hazards assumption was confirmed be-
fore performing time-independent multivariate cox
regression to assess the predictive value of MCP-1,
D-dimer, and their combination.

A p-value < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using
spss version 24.0 for windows (IBM Corp., Armonk,
NY, USA).

Results

Baseline characteristics. A total of 83 sepsis patients
met the inclusion criteria and were enrolled. Among
them, 25 patients (30.1%) survived, while 58 (69.9%)
died during hospitalization. The baseline character-
istics are summarized in Table 1, with comparative

Table 1. Characteristics of research subjects

Characteristics £ (%) or nr;ledisa?r’\ (Q,-Q,)

Gender

Man 42 (50.6%)

Woman 41 (49.4%)
Age (year, mean=SD) 53.89+15.21
D-dimer (mg/L FEU) 4.81(1.85-13.67)
MCP-1 (pg/mL) 205.61 (98.64-405.00)
Length of stay (day) 8 (4-14)
SOFA score 6 (4-8)

<6 27 (32.5%)

26 56 (67.5%)
Outcome

Alive (survivor) 25 (30.1%)

Died (non-survivor) 58 (69.9%)
Source of infection

Respiratory 35 (42.2%)

Skin or joints 8(9.6%)

Gastrointestinal tract 13 (15.7%)

Upper urinary tract 3(3.6%)

Central nervous system 1(1.2%)

Lower urinary tract 23 (27.7%)
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Table 2. Subject characteristics based on outcomes

Characteristics Survivor (n = 25) Non survivor (n =58) p value

Gender

Man 13 (52%) 29 (50%) 0.867°

Woman 12 (48%) 29 (50%)
Age (years)

median (Q,—-Q;) 52 (38.5-64.5) 55 (44.75-67.25) 0.335°¢
D-dimer (mg/L FEU)

median (Q,—Q;) 2.66 (1.28-6.46) 6.03 (1.98-16.58) 0.012¢
MCP-1 (pg/mL)

median (Q,—-Q;) 75 (42.42-111.82) 282.27 (146.06-651.59) 0.000°
SOFA scores

<6 24 (96%) 3(5.2%) 0.000¢

>6 1 (4%) 55 (94.8%)
Length of stay (day)

median (Q,—Q;) 7 (4.5-11.5) 10.22 (4-15.75) 0.905¢

Note. ?p value based on chi-square test; °p value based on Independent t-test; °p value based on Mann-Whitney U test; *p < 0.05; significant.

analysis between survivors and non-survivors is pre-
sented in Table 2. Gender distribution was equal
in the non-survivor group (29 males, 29 females), with
no significant difference. The mean age was 52 years
for survivors and 55 years for non-survivors, showing
no statistical significance. Median length of hospital
stay was 7 days for survivors and 10.22 days for non-
survivors, also not significantly different.

Biomarker levels. Both MCP-1 and D-dimer lev-
els were significantly elevated in non-survivors com-
pared to survivors. Median MCP-1 was 282.27 pg/ml
innon-survivorsand 75 pg/mlinsurvivors (p =0.000).
Likewise, median D-dimer levels were 6.03 mg/L
FEU in non-survivors, compared to 2.66 mg/L FEU
in survivors (p = 0.012).

Survival Function

0.8

0.6

0.4

Cum Survival (%)

0.2

0.0

.00 20.00 40.00 60.00 80.00 100.00 120.00
Duration of Hospital Stay (days)

_[1 Survival Function == Censored

Figure 1. Overall survival analysis graph

Note. Kaplan—Meier survival analysis of 83 sepsis patients
revealed a median survival time of 9 days. The survival rate
sharply declined during the first two weeks of observation,
with fewer than 10% of patients surviving beyond 28 days.
This curve highlights the high early mortality associated with
sepsis in the studied population.

Overall survival analysis. Kaplan—Meier survival
analysis revealed a median survival time of 9 days
for the entire cohort, indicating that 50% of patients
died within this period. The survival curve also dem-
onstrated that fewer than 10% of patients remained
alive beyond day 28 (Fig. 1).

Survival analysis and risk stratification based
on MCP-1. Survival analysis stratified by MCP-1
levels is shown in Fig. 2 and Table 3. The Kaplan—

Survival Function

0.8

0.6

0.4

Cum Survival (%)

0.2

0.0

.00 20.00 40.00 60.00 80.00 100.00 120.00
Duration of Hospital Stay (days)

<123.03 pg/mL
>123.03 pg/mL

=+ <123.03 pg/mL-censored
- >123.03 pg/mL-censored

Cat MCP-1
Figure 2. Kaplan—Meier survival analysis graph
based on MCP-1 levels in sepsis patients
Note. Survival analysis based on MCP-1 levels using a cut-off
value of 123.03 pg/ml. Patients with MCP-1 < 123.03 pg/ml
(blue line) showed significantly improved survival compared
to those with MCP-1 > 123.03 pg/ml (green line). Median
survival was 31 days in the lower MCP-1 group versus 11 days
in the higher MCP-1 group. The survival curves crossed,
indicating a violation of the proportional hazards assumption.
This suggests that elevated MCP-1 levels are associated with
a higher risk of mortality in sepsis.
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Meier curves, based on the cut-off value of 123.03 pg/
ml (determined via roc analysis), crossed, indicating
a violation of the proportional hazards (PH) assump-
tion. Patients with MCP-1 levels < 123.03 pg/ml had
a longer median survival of 31 days, while those with
levels > 123.03 pg/ml had a median survival of 11
days. The hazard ratio of MCP-1 > 123.03 pg/ml was
2.664 (95%Cl: 1.341-5.29; p value 0.005).

Survival analysis based on D-dimer. As depict-
ed in Fig. 3 and Table 4, survival analysis using
a D-dimer cut-off of 43.5 mg/L FEU also yielded
Kaplan—Meier curves that violated the PH assump-
tion. Patients with D-dimer levels < 43.5 mg/L FEU
had a median survival of 17 days, compared to 8 days
for those with levels > 43.5 mg/L FEU. The haz-
ard ratio of D-dimer > 43.5 mg/L FEU was 1.980
(95%CI: 0.612—6.40; p value 0.264).

Survival analysis based on combination of MCP-
1 and D-dimer. A combined analysis of MCP-1 and
D-dimer levels was performed based on their re-
spective cut-off values. Patients with both MCP-1
> 123.03 pg/ml and D-dimer > 43.5 mg/L FEU
were compared to those with either or both biomark-
ers below the thresholds. The Kaplan—Meier curve
(Fig. 4) again violated the PH assumption. The group
with elevated levels of both biomarkers had a signifi-
cantly shorter median survival of 5 days, compared
to 20 days in the group with lower levels of either
MCP-1 or D-dimer. Patients were divided into 3
groups based on the presence of risk factors (MCP-
1 and/or D-dimer levels). Table 5 showed that pa-
tients with 1 risk factor had an HR of 2.605 (95%ClI:
1.306—5.196; p value 0.007), while patients with 2 risk
factors had an HR of 3.986 (95%CI: 1.084—14.652;
p value 0.037).

Survival Function

0.8

0.6

0.4

Cum Survival (%)

0.2

0.0

.00 20.00 40.00 60.00 80.00 100.00 120.00
Duration of Hospital Stay (days)

<43.5mg/LFEU = <43.5mg/L FEU-censored

CatD-Dimer ™ . 435 mg/LFEU  + 243.5 mg/L FEU-censored

Figure 3. Kaplan—Meier survival analysis graphs
based on D-dimer levels in sepsis patients

Note. Patients were divided by a D-dimer cut-off of 43.5 mg/L
FEU. The blue line represents those with D-dimer < 43.5 mg/L
FEU, and the green line those with D-dimer > 43.5 mg/L FEU.
Median survival was 17 days in the lower D-dimer group
versus 8 days in the higher D-dimer group. The survival
curves cross, indicating a violation of the proportional hazards
assumption, but overall higher D-dimer levels are associated
with increased mortality risk (AUROC 67.4%, p = 0.012).

Discussion

Baseline characteristics. This study included 83
patients diagnosed with sepsis, with an almost equal
gender distribution (49.4% female, 50.6% male) and
a mean age of 53.89%15.21 years. The median length
of hospital stay was 8 days, and 67.5% of patients

Table 3. Survival analysis and risk stratification based on MCP-1

MCP-1 Low (< 123.03 pg/mL) High (>123.03 pg/mL)
Total subject 31 52
Amount event 11 (35.48%) 47 (90.38%)
Amount censored 20 (64.52%) 5(9.62%)
Mean (95%Cl) 31.16 (11.36-50.96) 11.05 (8.39-13.72)
Median (95%Cl) 21 (14.61-27.39) 8(6.27-9.73)
p value 0.002
Hazard ratio (95%Cl) 2.664 (1.341-5.29)
p value 0.005
Table 4. Survival analysis and risk stratification based on D-dimer
D- dimer Low (< 43.5 mg/L FEU) High (> 43.5 mg/L FEU)
Total subject 80 3
Amount event 55 (68.75%) 3 (100%)
Amount censored 25 (31.25%) 0 (0%)
Mean (95%Cl) 16.58 (10.48-22.68) 8.33 (0-19.892)
Median (95%Cl) 9(7.044-10.957) 4 (0-8.801)
p value 0.223
Hazard ratio (95%Cl) 1.980 (0.612-6.40)
p value 0.254

1115



A. Iskandar et al.

MHdekumns n uMmyHuTeT

Survival Function
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X Risk Factor 1 =+ Risk Factor 1-censored
Cat D-Dimer

Risk Factor 2 -+ Risk Factor 2-censored
" Risk Factor 3 - Risk Factor 3-censored

Figure 4. Kaplan—Meier survival analysis graph
based on the combination of MCP-1 and D-dimer
Note. Patients were grouped by the number of elevated
biomarkers: those with neither or only one elevated marker
(MCP-1 < 123.03 pg/ml and/or D-dimer < 43.5 mg/L FEU;
blue line) versus those with both MCP-1> 123.03 pg/ml
and D-dimer > 43.5 mg/L FEU (green line). Median survival
was 20 days in the lower-risk group compared to 5 days

in the high-risk group.

had a sofa score > 6, indicating high illness sever-
ity. Overall, 69.9% (58/83) of patients died during
hospitalization.

Respiratory tract infections (42.2%) and lower
urinary tract infections (27.7%) were the most com-
mon sources of sepsis. This distribution aligns with
common etiologies in clinical settings, where respir-
atory infections are frequently associated with com-
plications such as ards and poorer outcomes [7, 18,
26]. Several characteristics of patients in this study
can be seen in Table 1 below.

As shown in Table 2, D-dimer and MCP-1 lev-
els significantly differed between survivors and
non-survivors. Non-survivors had higher D-dimer
levels (median: 6.03 mg/L FEU) compared to sur-
vivors (2.66 mg/L FEU, p = 0.012), reflecting pos-

sible sepsis-associated coagulopathy, which is known
to be linked to mortality [10, 12]. Likewise, MCP-1
levels were significantly elevated in non-survivors
(282.27 pg/ml vs 75 pg/ml, p < 0.001), indicating
a stronger inflammatory response and supporting its
role as a marker of immune activation and tissue in-
jury in sepsis [1, 3, 16].

No significant age difference was found between
groups (median age: 55 vs 52 years, p = 0.335), con-
sistent with prior findings suggesting that age may
not be an independent predictor of mortality in all
sepsis populations [17]. Length of hospital stay was
also not significantly different between groups (p =
0.905), implying that other factors like biomarker lev-
els and illness severity may better reflect prognosis.

Crucially, 96% of survivors had sofa scores < 6,
while only 5.2% of non-survivors had scores in this
range (p = 0.000). This finding highlights the prog-
nostic value of the sofa score at admission and sup-
ports its use in risk stratification among sepsis
patients [27].

Survival analysis and risk stratification based
on MCP-1. Kaplan—Meier analysis showed a median
survival of 9 days among 83 sepsis patients, with less
than 10% surviving beyond 28 days, underscoring
the high early mortality risk in sepsis (Fig. 1).

Stratification by MCP-1 levels (< 123.03 pg/ml
vs > 123.03 pg/ml) revealed that patients with lower
MCP-1 had significantly better survival (median: 31
vs 11 days; Fig. 2, Table 3), suggesting a strong as-
sociation between lower inflammatory response and
improved outcomes.

However, in Fig. 2 the Kaplan—Meier curve
for MCP-1 violated the proportional hazards as-
sumption, indicating the effect may not be consist-
ent over time. The cut-off of 123.03 pg/ml yielded
an auroc of 89.2% (95%CI: 81.1-97.3%, p = 0.000)
for MCP-1 in predicting mortality, with 81% sensitiv-
ity and 80% specificity.

This aligns with Bozza et al., who found that
MCP-1 levels > 1000 pg/ml were associated with in-
creased mortality in severe sepsis [1]. Jansen et al. re-
ported that MCP-1 > 1600 pg/ml upon ICU admis-
sion predicted 28-day mortality [15], and Yamamoto
et al. found that levels > 1500 pg/ml were associated

Table 5. Survival analysis and risk stratification based on combination of MCP-1 and D-dimer

Variable Group 12 Group 2° Group 3¢
Total subject 31 49 3
Amount event 11 (35.5%) 44 (89.8%) 3 (100%)
Censored amount 20 (64.5%) 5(10.2%) 0 (0%)
Mean (95%Cl) 31.16 (11.36-50.96) 11,23 (8.5-14.0) 8.33 (0-19.89)
Median (95%Cl) 21(14.6-27.4) 8 (6.32-9.68) 4(0-8.8)
p value 0.007
Hazard Ratio (95%Cl) 1 2.605 (1.306-5.196) 3.986 (1.084-14.652)
p value 0.007 0.037

Note. ?Group with no risk factor (MCP-1 < 123.03 pg/mL and D-Dimer < 43.5 mg/L FEU); ®Group with 1 risk factors (MCP-1>123.03 pg/mL or D-dimer
>43.5 mg/L FEU); °Group with 2 risk factors (MCP-1 > 123.03 pg/mL and D-dimer > 43.5 mg/L FEU).
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with worse outcomes [28]. Chen et al.’s meta-analysis
of 805 patients also supported the prognostic util-
ity of MCP-1, despite variability in cut-offs across
studies [2].

In our cohort, survival rates on days 10, 20, and
28 were consistently higher in patients with MCP-1
<123.03 pg/ml. Mean survival time was significantly
longer for this group (31.16 days) compared to those
with higherlevels (11.05 days). Median survival for the
lower MCP-1 group was 21 days versus 8 days for the
higher group, reinforcing the prognostic significance
of MCP-1. Although a specific study by Duan et al.
reporting median survival times based on MCP-1
levels was not found, other studies confirm its pre-
dictive value. Matsumoto et al. observed significantly
higher MCP-1 levels in non-survivors, with an AUC
of 0.763 for 28-day mortality prediction [19]. A retro-
spective study in elderly patients showed MCP-1 had
comparable prognostic performance to SOFA and
APACHE 11 scores [8, 19]. Zhu et al. also reported
a strong correlation between MCP-1 and 28-day
mortality, particularly in septic shock cases [31].

Although most studies use MCP-1 to assess sur-
vival at fixed time points (e.g., 28 days), fewer report
median survival, likely due to survival beyond this
window. Nevertheless, the consistent association be-
tween elevated MCP-1 and mortality highlights its
utility as a prognostic biomarker in sepsis.

Survival analysis and risk stratification based
on D-dimer. Survival analysisbased on D-dimer levels
(cut-off at 43.5 mg/L FEU) revealed a mean survival
of 17 days for patients with D-dimer < 43.5 mg/L
FEU, compared to 8 days for those with higher levels
(Fig. 3).

This supports the use of D-dimer as a biomark-
er for coagulopathy in sepsis and its potential role
in mortality prediction. Like MCP-1, D-dimer also
violated the PH assumption, indicating that the rela-
tionship between D-dimer and survival may change
over the course of sep sis.

In this study, the AUC for D-dimer levels in de-
termining mortality was 67.4% (95%CI: 55.8—79.1%,
p = 0.012). This AUC value falls in the weak category
(> 60—70%) but is statistically significant. The cut-
off point was determined using the coordinates of the
curve table, yielding a cut-off of 43.5 mg/L FEU
with a sensitivity of 67.2% and specificity of 60%.
Several studies have highlighted the prognostic value
of D-dimer in predicting mortality among sepsis pa-
tients. Yunus et al. reported that a D-dimer cut-off
of 57 ng/ml demonstrated good predictive perfor-
mance for mortality [29].

In a cohort of 684 sepsis patients, D-dimer levels
were significantly higher in non-survivors compared
to survivors (2489 ng/ml vs 1475 ng/ml, p = 0.0001),
and showed the strongest predictive value for mortal-
ity among tested biomarkers (AUC 0.68). Multivariate
analysis confirmed that D-dimer was the only bio-
marker with a linear association with mortality, with

an odds ratio of 3.03 (95%CI: 1.38—6.62) for levels
above 2409 ng/ml [21]. Similarly, Schupp et al. found
that D-dimer levels and DIC scores showed good
diagnostic accuracy for distinguishing septic shock
(AUC 0.710 and 0.739), but their prognostic perfor-
mance for 30-day mortality was moderate (AUC
0.590—0.610). Very high D-dimer levels (> 30 mg/1)
and DIC scores > 3 were significantly associated with
increased mortality risk and remained independent
predictors after multivariable adjustment [23].

Across these studies, D-dimer cut-off values typi-
cally ranged from 2.5 to 4.0 mg/L FEU, with AUCs
between (.71 and 0.77 — indicating moderate to good
discriminatory ability. Sensitivity values commonly
fell between 70—80%, and specificity ranged from
65—70%. The variability in results likely reflects
differences in patient populations, D-dimer assay
methods, sepsis definitions, and outcome measures.
Despite these variations, most evidence supports that
D-dimer levels exceeding 3.0 mg/L FEU are asso-
ciated with an increased risk of mortality in sepsis
patients.

It is important to emphasize that while D-dimer
isauseful biomarker for mortality prediction, it should
not be used in isolation. Combining D-dimer meas-
urements with comprehensive clinical evaluation and
other prognostic markers can enhance the accuracy
of risk stratification in sepsis. Our findings indicate
that sepsis patients with D-dimer levels > 43.5 mg/L
FEU exhibited lower survival rates compared
to those with levels < 43.5 mg/L FEU, particularly
on days 10 and 20 of observation (Fig. 3). Patients
with lower D-dimer levels (< 43.5 mg/L FEU) dem-
onstrated better survival outcomes, with a mean sur-
vival of 16.58 days, significantly higher than the 8.33
days observed in those with elevated D-dimer levels
(= 43.5 mg/L FEU). The median survival times also
differed between the two groups. However, the HR
for mortality in patients with elevated D-dimer le-
vels was 1.980 (95%CI: 0.612—6.40), with a p-value
of 0.254, indicating a non-significant association
in this study (Table 4).

In a study by Zhang et al., 343 hospitalized
COVID-19 patients were evaluated to assess the pre-
dictive value of D-dimer levels for in-hospital mortal-
ity. The optimal cutoff value for D-dimer was found
to be 2.0 ug/ml, with a sensitivity of 92.3% and speci-
ficity of 83.3%. Of the 13 deaths during hospitali-
zation, 12 occurred in patients with D-dimer levels
> 2.0 pg/ml, compared to just one death in patients
with D-dimer levels < 2.0 ug/ml. This difference
was statistically significant (p < 0.001). The hazard
ratio for mortality with elevated D-dimer levels was
51.5 (95%CI: 12.9—-206.7). The study concluded that
D-dimer levels above 2.0 ug/ml on admission could
serve as a strong predictor of in-hospital mortality,
suggesting that it could be an effective early mark-
er for improving the management of COVID-19
patients [30].
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Similarly, Rodelo et al. found that the 28-day
mortality rate was 77.8% in patients with D-dimer
levels > 4.2 mg/1, compared to just 25% in those with
levels < 4.2 mg/l1, although they did not provide data
on median survival times [21]. These results are con-
sistent with our findings, further supporting the link
between elevated D-dimer levels and higher mortal-
ity in sepsis patients. Notably, most existing studies
assess mortality based on 28- or 30-day outcomes
rather than median survival time, possibly because
a substantial number of patients survive beyond
the observation period.

Nevertheless, elevated D-dimer levels — generally
above 2.0 to 4.0 mg/L FEU — consistently correlate
with poorer prognosis in sepsis patients. Differences
in cut-off values and mortality rates across stud-
ies may reflect variations in patient populations,
D-dimer assay techniques, and sepsis diagnostic cri-
teria. These findings are in line with our study, which
also observed significantly elevated D-dimer levels
in non-survivors.

Survival analysis and risk stratification based
on combination of MCP-1 and D-dimer. In the com-
bined survival analysis of MCP-1 and D-dimer lev-
els, patients with both biomarkers elevated above
their respective cut-offs (MCP-1 > 123.03 pg/ml
and D-dimer > 43.5 mg/L FEU) had a signifi-
cantly shorter median survival of 5 days, compared
to 20 days in patients with lower levels of either or
both biomarkers (Fig. 4).

This highlights the value of combining inflam-
matory and coagulation markers to predict sepsis
outcomes. The results suggest that both inflamma-
tory and coagulatory pathways contribute to poor
prognosis in sepsis, and combining biomarkers from
these systems may improve risk stratification.

Table 5. showed that the survival rate of sepsis pa-
tients with one risk factor was higher than in those
with two risk factors. The HR was 3.986 (95%ClI:
1.084—14.652, p = 0.037), indicating that sepsis pa-
tients with both elevated D-dimer > 43.5 mg/L FEU
and MCP-1 > 123.03 pg/ml are 3.986 times more
likely to die quickly than those with lower levels
of both biomarkers.

Mikuta et al. combined D-dimer with other bio-
markers, finding that the D-dimer cut-off of 3570
ng/ml (3.57 mg/L FEU) had an AUC of 0.731, which
increased to 0.801 when combined with other bio-
markers [20]. Similarly, Innocenti et al. combined
D-dimer with lactate, achieving an AUC of 0.74 [13].
Although no studies have reported combined MCP-1
and D-dimer cut-offs, combining biomarkers gener-
ally improves diagnostic accuracy. Ding et al. (2021)
showed that combining ischemia-modified albumin,
D-dimer, and MCP-1 improved diagnostic accuracy,
with an AUC of 0.9047 in acute myocardial infarc-
tion patients [5].

The potential benefit of combining multiple bio-
markers in sepsis stratification has been increasingly

supported by recent evidence. While the combination
of MCP-1 and D-dimer has not been extensively stud-
ied, the rationale for such an approach is strong, given
that MCP-1 reflects monocyte-driven inflammation
while D-dimer reflects coagulopathy. This dual rep-
resentation of inflammatory and thrombotic path-
ways aligns with the multifactorial pathophysiology
of sepsis. In our previous study, presepsin — a soluble
CD14 subtype — demonstrated excellent prognostic
value in sepsis, with an AUC of 0.939 for predicting
28-day mortality and a hazard ratio of 3.654 for pa-
tients with levels above 17.085 pg/ml [14]. Notably, its
prognostic performance improved when interpreted
in conjunction with clinical severity scores and other
laboratory markers. These findings emphasize that
no single biomarker sufficiently captures the com-
plexity of sepsis. Therefore, incorporating MCP-1
and D-dimer, possibly alongside markers such as
presepsin, may offer a more holistic risk assessment
framework. A multimarker strategy, tailored to lo-
cal resources and patient populations, could improve
early risk stratification and inform timely, personal-
ized interventions [14].

Conclusion

In conclusion, our study suggests that the combi-
nation of MCP-1 and D-dimer levels may serve as
valuable biomarkers for predicting mortality in sepsis
patients. Elevated levels of both biomarkers are asso-
ciated with significantly shorter survival and higher
mortality risk.
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