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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.

Objectives: 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.

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.

Keywords: sepsis; mortality prediction; MCP-1; D-dimer; coagulation biomarkers;

resource-limited settings.



Pe3rome

Beenenue: Cencuc mnpeacTaBisieT COOOM  TOKENBIA  KU3HEYTPOMKAIOIIUN
KIIMHAYECKUA  CHHAPOM,  XapaKTEpU3YIOIIMICS  HAapyLIEHHEM  PEryJsluuu
MMMYHHOTO OTBETa oOpraHu3ma Ha HUHpexkuuto. Takod nae3alanTUBHBIA OTBET
CHOCOOCTBYET OOIIMPHOMY MOBPEXKICHUIO DHIOTENUS M HAPYILIEHUSIM KOAry sy,
4acTO MPOTrPECCHUPYIONIMM B MOJMOPTaHHYI0 AUCPYHKIUU U JIETAIbHBIA HUCXO/I.
[TokazaTenn CMEPTHOCTH OCTAIOTCS BBICOKMMH, YTO MOAYEPKUBAET OCTPYIO
HEOOXOJMMOCTh B BBISIBJICHUU HAJEKHBIX OMOMAapKEpPOB IJII PAHHETO BBISBICHUSA
NAIMEHTOB C BHICOKUM PUCKOM, OCOOEHHO BOCTPEOOBAHHBIX B CTpaHaX ¢ HU3KUM U
cpeanuM ypoBHeM goxoaa (CHCJI), riae A0CTyIl K MepeIoBbIM TUarHOCTUYECKUM U
TEparneBTUYECKUM pecypcaM OrpaHudyeH. MOHOLMTApHBIA XeMOaTTPaKTaHTHBIN
oenok-1 (MCP-1) — 3T0 XeMOKHH, OTpa)karoIlui TUIIEPAKTUBAIIUIO BPOXKIEHHOTO
MMMYHUTETA, B TO BpeMs Kak D-IuMep yka3bIBaeT Ha aKTUBALMIO KOATyJSIUUU U
¢ubpuHoMM3a. X0oTsa 06a OMOJOTMYECKUX KacKaja WUIPaloT IEHTPAIbHYIO pOJib B
NaTO(pU3HOJIOTUM  CEICUCA,  JIAaHHBIX, OLEHUBAIOIIMX HUX  COBOKYITHOE
nporuocruueckoe 3HaueHue B ycnoBusax CHCJI, nomyyeno negocrarouno. Llenu:
Leabo gaHHOrO HCCEIOBaHUS ObUIa OILEHKAa MPOrHOCTUYECKOW 3HAYUMOCTHU
onpenenenus yposHs MCP-1 u D-aumepa, kak o OTAeIbHOCTH, TaK U B COYETAHNUH,

JUIS1 TPOTHO3UPOBaHUS 28-THEBHON CMEPTHOCTH y MAIMEHTOB C CETICUCOM.

Metoasbl: bbl1o MpoBeIEHO NPOCIEKTUBHOE KOTOPTHOE HCCIEA0BAHUE C yYaCTHEM
83 B3pOCIBIX NALMEHTOB C BIEPBbIE TUATHOCTUPOBAHHBIM CENICUCOM B OOJIbHHULIE
obmiero npoduns um. a-pa Calndyna AuBapa B Mananre, Mugonesus. Ha MomMeHT
IIOCTAaHOBKM 1MarHo3a ypoBeHb MCP-1 B CBIBOPOTKE KPOBH U3MEPSIICS C TOMOLIBIO
uMMyHopepmeHTHOro aHanuza (MDA), a ypoBenb D-numepa B riazme — METOA0M
UMMYHOTYpOunumerpun. Habmoaenue 3a naiueHTaMu NpoBOAWIIOCH B TeUeHHE 28
JTHEH, a pe3yibTaThl BBDKMBAEMOCTH OLIEHHBAINCH C IIOMOIIBIO aHaIU3a
BbDKMBaeMocTH Karnana—Maliepa v perpecCHOHHBIX MOJEIEN MPONOPLHMOHAIBHBIX

puckoB Kokca.



PesynbraTel: U3 83 yuyactHukoB 58 nanuentoB (70%) ymepiu B TeueHue 28 qHEH.
Y HEBBDKMBIIMX IMAIMCHTOB HAOIIOMAMCh 3HAYUTEIBHO 00JIee BBHICOKHME YPOBHHU
MCP-1 u D-aumepa o cpaBHeHut0 ¢ BbDKUBIIMMU. Konnentparus MCP-1>123,03
nr/Mi OblTa BBIPAXKEHHO CBsI3aHa C TOBBIMIEHHON cMmepTHOCTHIO (OP 2,664, p =
0,005). TloBwimieHHblt ypoBeHb D-aumepa (>43,5 mr/n ®OE [pubpunoren-
SKBUBAJICHTHAs CUHMIA]) UMeN Oosiee ClIadylo WHAWBHUIYATbHYIO B3aWMOCBSI3b,
oJHaKo B codyetanuu ¢ ypoBHeM MCP-1 mporaoctuueckas TOUHOCTb CMEPTHOCTH

3HaunTenbHO nmoBbicuiack (OP 3,986, p = 0,037).

3akawdenune: OpHoBpemMeHHOe TmoBblieHHE YpoBHSI MCP-1 u  D-mumepa
MO3BOJISIET BBISIBUTH MAIMEHTOB C CETICUCOM, UMEIOIIUX 3HAYUTEIHHO MOBBIIIIEHHBIN
PHUCK CMEPTH. Y Ka3aHHbBIEC JAHHBIE MOJITBEPKIAIOT MOTCHIIMAIBHY 0 IPUMEHUMOCTD
COUETAHHON OIICHKM BOCHAJIMTENBHBIX M KOAryJSIMOHHBIX OMOMapKepoB s
paHHEU cTpaTu(UKalMKU PUCKA, a TAKXKE MOJYEPKUBAIOT IIEHTPATBHYIO POJb OCH
BOCIAJICHUE—KOATyJISIIHUS B MATO(DU3UOJIOTHH CETICHUCa, YTO OCOOCHHO aKTyallbHO

JJIA KJIIMHUYECKOM IIPAKTHUKHU B YCIIOBHAX OI'PaHNYCHHBIX PCCYPCOB.

KuarwueBble ciioBa: cerncuc; nporaosupoBanue cmeptHoctd; MCP-1; D-numep;

OHOMapKepbl KOAryJsIlIUN; CTPAHBI C OTPAHUYECHHBIMU PECYPCAMMU.
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1 Introduction

Sepsis is a life-threatening syndrome resulting from a dysregulated host
response to infection, leading to systemic inflammation, microvascular injury, and
organ dysfunction. Despite advances in critical care, sepsis continues to cause
substantial morbidity and mortality worldwide, with icu death rates ranging from
30% to 50%([1-3]. Among the various pathological processes in
sepsis, coagulopathy has emerged as a key driver of poor outcomes, contributing to
disseminated intravascular coagulation (dic), microthrombi formation, and multiple
organ failure [4-5]. Early identification of coagulation disturbances is therefore

critical 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 recruits monocytes
and other immune cells to sites of infection and injury. In sepsis, excessive mcp-1
release can amplify endothelial activation and trigger procoagulant pathways,
linking inflammation to thrombotic complications [4-5]. 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 fibrinolysis. In sepsis, elevated d-dimer levels are
frequently associated with sepsis-induced coagulopathy (sic) and the development
of disseminated intravascular coagulation (dic), conditions that exacerbate organ
dysfunction and increase the risk of death [6-8]. As a marker of endothelial injury
and clot formation, d-dimer has shown prognostic value in assessing the severity of
sepsis.

in recent years, mcp-1 and d-dimer have emerged as promising
prognostic biomarkers in sepsis, offering insights into immune and coagulation
pathways involved in disease progression [9-11]. Given the intertwined roles of

inflammation and coagulation in sepsis progression, evaluating both mcp-1 and d-
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dimer may provide a more comprehensive 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 individual 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-limited
settings.
2 Materials and methods

Study design

This prospective observational cohort study was conducted at dr. Saiful anwar
general hospital (rssa), malang, indonesia. It is part of a larger sepsis biomarker
project designed to investigate multiple pathophysiological pathways in sepsis. Each
analysis within the cohort focuses on distinct biomarkers and hypotheses. The
present study specifically examines mcp-1, an inflammatory 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 activator receptor (supar), and procalcitonin, have been

published or are under review separately, and are cited accordingly.

sepsis diagnosis was made by the attending physicians based on sepsis-
3 criteria (2016). Patients meeting 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
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The study included adult patients (>18 years old) newly diagnosed sepsis
based on sepsis-3 definitions. Exclusion criteria included chronic inflammatory
diseases, malignancies, or other conditions that could confound 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 quantified by immunoturbidimetric method on a sysmex ¢s2100i
analyzer with siemens innovance d-dimer reagents. The assay is based on the
aggregation of polystyrene particles coated with monoclonal antibodies (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 characteristic (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 using cox proportional hazards
regression. The proportional hazards assumption was confirmed before 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 significant. All statistical
analyses were performed using spss version 24.0 for windows (ibm corp., armonk,

ny, usa).

3 Results

Baseline characteristics
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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 characteristics are summarized in table 1, with
comparative analysis between survivors and non-survivors is presented 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 levels were significantly elevated in non-survivors
compared to survivors. Median mcp-1 was 282.27 pg/ml in non-survivors and 75
pg/ml in survivors (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).

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 demonstrated that fewer than 10% of patients remained alive beyond day
28 (figure 1).

Survival analysis and risk stratification based on mcp-1

Survival analysis stratified by mcp-1 levels is shown in figure 2 and table 3.
The kaplan—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)
assumption. 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 (ci 1.341 — 5.29; p value 0.005).

Survival analysis based on d-dimer

As depicted in figure 3 and table 4, survival analysis using a d-dimer cut-off

of 43.5 mg/| feu also yielded kaplan—meier curves that violated the ph assumption.
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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 hazard ratio of d-dimer
>43.5 mg/l feu was 1.980 (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 respective 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 biomarkers below the
thresholds. The kaplan—meier curve (figure 4) again violated the ph assumption. The
group with elevated levels of both biomarkers had a significantly 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 patients with 1 risk factor
had an hr of 2.605 (ci 1.306 —5.196; p value 0.007), while patients with 2 risk factors
had an hr of 3.986 (ci 1.084 — 14.652; p value 0.037).
4 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 had a
sofa score >6, indicating high illness severity. 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 common sources of sepsis. This distribution aligns with
common etiologies in clinical settings, where respiratory infections are frequently
associated with complications such as ards and poorer outcomes [1; 12; 3]. Several
characteristics of patients in this study can be seen in table 1 below.
as shown in table 2, d-dimer and mcp-1 levels significantly differed

between survivors and non-survivors. Non-survivors had higher d-dimer levels

(median: 6.03 mg/l feu) compared to survivors (2.66 mg/l feu, p = 0.012), reflecting
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possible sepsis-associated coagulopathy, which is known to be linked to mortality
[13; 14]. 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 injury in sepsis
[15-17].

no significant age difference was found between groups (median age:
55 vs. 52 years, p = 0.335), consistent with prior findings suggesting that age may
not be an independent predictor of mortality in all sepsis populations [18]. Length
of hospital stay was also not significantly different between groups (p = 0.905),
implying that other factors like biomarker levels 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 prognostic
value of the sofa score at admission and supports its use in risk stratification among
sepsis patients [19].

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 (figure 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; figure 2, table 3), suggesting a strong association between lower inflammatory
response and improved outcomes.

However, in figure 2 the kaplan—meier curve for mcp-1 violated the
proportional hazards assumption, indicating the effect may not be consistent 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% sensitivity and 80%
specificity.
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This aligns with bozza et al., who found that mcp-1 levels >1000 pg/ml were
associated with increased mortality in severe sepsis [15]. Jansen et al. Reported that
mcp-1 >1600 pg/ml upon icu admission predicted 28-day mortality [20], and
yamamoto et al. Found that levels >1500 pg/ml were associated with worse
outcomes [21]. Chen et al.’s meta-analysis of 805 patients also supported the
prognostic utility of mcp-1, despite variability in cut-offs across studies [22].

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 higher levels (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 predictive value. Matsumoto et al. Observed significantly
higher mcp-1 levels in non-survivors, with an auc of 0.763 for 28-day mortality
prediction [23]. A retrospective study in elderly patients showed mcp-1 had
comparable prognostic performance to sofa and apache ii scores [10; 24]. Zhu et al.
Also reported a strong correlation between mcp-1 and 28-day mortality, particularly
in septic shock cases [9].

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

Survival analysis and risk stratification based on d-dimer

Survival analysis based 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 (figure 3).

This supports the use of d-dimer as a biomarker for coagulopathy in sepsis

and its potential role in mortality prediction. Like mcp-1, d-dimer also violated the
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proportional hazards (ph) assumption, indicating that the relationship between d-
dimer and survival may change over the course of sepsis.

in this study, the auc for d-dimer levels in determining 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 patients. Yunus et
al. Reported that a d-dimer cut-off of 57 ng/ml demonstrated good predictive
performance for mortality [25].

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 mortality among tested
biomarkers (auc 0.68). Multivariate analysis confirmed that d-dimer was the only
biomarker 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 [6]. 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 performance for 30-day
mortality was moderate (auc 0.590-0.610). Very high d-dimer levels (>30 mg/I) and
dic scores >3 were significantly associated with increased mortality risk and
remained independent predictors after multivariable adjustment [26].

across these studies, d-dimer cut-off values typically ranged from 2.5 to
4.0 mg/l feu, with aucs between 0.71 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/I feu are associated with an increased risk of mortality in sepsis

patients.
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it is important to emphasize that while d-dimer is a useful biomarker for
mortality prediction, it should not be used in isolation. Combining d-dimer
measurements 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 (figure 3). Patients with lower d-dimer levels (<43.5 mg/l feu)
demonstrated better survival outcomes, with a mean survival 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 hazard ratio (hr) for mortality in patients with elevated d-dimer
levels 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 predictive value of d-dimer levels for in-hospital mortality. The optimal
cutoff value for d-dimer was found to be 2.0 ug/ml, with a sensitivity of 92.3% and
specificity of 83.3%. Of the 13 deaths during hospitalization, 12 occurred in patients
with d-dimer levels >2.0 ug/ml, compared to just one death in patients with d-dimer
levels <2.0 pg/ml. This difference was statistically significant (p <.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 pg/ml on admission could serve as a
strong predictor of in-hospital mortality, suggesting that it could be an effective early
marker for improving the management of covid-19 patients [27].

similarly, rodelo et al. Found that the 28-day mortality rate was 77.8%
in patients with d-dimer levels >4.2 mg/l, compared to just 25% in those with levels
<4.2 mg/l, although they did not provide data on median survival times [6]. These
results are consistent with our findings, further supporting the link between elevated
d-dimer levels and higher mortality in sepsis patients. Notably, most existing studies

assess mortality based on 28- or 30-day outcomes rather than median survival time,
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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/I
feu—consistently correlate with poorer prognosis in sepsis patients. Differences in
cut-off values and mortality rates across studies may reflect variations in patient
populations, d-dimer assay techniques, and sepsis diagnostic criteria. 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 combined survival analysis of mcp-1 and d-dimer levels, 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 significantly shorter median survival of 5 days,
compared to 20 days in patients with lower levels of either or both biomarkers (figure
4).

This highlights the value of combining inflammatory and coagulation markers
to predict sepsis outcomes. The results suggest that both inflammatory 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 patients with one risk
factor was higher than in those with two risk factors. The hazard ratio (hr) was 3.986
(95% ci 1.084 — 14.652, p = 0.037), indicating that sepsis patients 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 biomarkers, finding that the
d-dimer cut-off of 3570 ng/ml (3.57 mg/I feu) had an auc of 0.731, which increased
to 0.801 when combined with other biomarkers [28]. Similarly, innocenti et al.
Combined d-dimer with lactate, achieving an auc of 0.74 [29]. Although no studies

have reported combined mcp-1 and d-dimer cut-offs, combining biomarkers
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generally improves diagnostic accuracy. Ding et al. (2021) showed that combining
ischemia-modified albumin (ima), d-dimer, and mcp-1 improved diagnostic
accuracy, with an auc of 0.9047 in acute myocardial infarction patients [30].

The potential benefit of combining multiple biomarkers in sepsis stratification
has been increasingly supported by recent evidence. While the combination of mcp-
1 and d-dimer has not been extensively studied, the rationale for such an approach
IS strong, given that mcp-1 reflects monocyte-driven inflammation while d-dimer
reflects coagulopathy. This dual representation of inflammatory and thrombotic
pathways 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 patients with levels above 17,085 pg/ml [31]. 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 complexity 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 local resources and
patient populations, could improve early risk stratification and inform timely,
personalized interventions [31].

5 Conclusion

In conclusion, our study suggests that the combination of mcp-1 and d-dimer
levels may serve as valuable biomarkers for predicting mortality in sepsis patients.
Elevated levels of both biomarkers are associated with significantly shorter survival
and higher mortality risk.
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Table 1. Characteristics of Research Subjects.

Characteristics N =83
f (%) or median (Q1- Q3)
Gender
Man 42 (50.6%)
Woman 41 (49.4%)
Age (in year, meantSD) 53.89+15.21
D-dimer (in mg/L FEU) 4.81 (1.85—-13.67)
MCP-1 (in pg/mL) 205.61 (98.64 — 405.00)
Length of stay (day) 8(4—14)
SOFA score 6(4—8)
<6 27 (32.5%)
>6 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%)

Table 2. Subject Characteristics based on Outcomes.

Characteristics Survivor (n=25) |Non survivor (n=58) | PVvalué
Gender
Man 13 (52%) 29 (50%) 0.867 2
Woman 12 (48%) 29 (50%)
Age (years)
median (Q1- Q3)| 52 (38.5—64.5) |55 (44.75—67.25) [0.335°¢
D-dimer (mg/L
FEU)
median (Q1- Q3)| 2.66 (1.28 —6.46)/6.03 (1.98 —16.58) [0.012°¢
MCP-1 (pg/mL)
median (Q1- Q3)| 75 (42,42 — 11 1|282.27  (146.06 —0.000°¢
82) 651.59)
SOFA scores
<6 24 (96%) 3 (5.2%) 0.000 ¢




>6

1 (4%)

55 (94.8%)

Length  of

(day)

stay

median (Q1- Q3)

7 (45— 115)

10.22 (4 — 15.75)

Notes: 2p value based on chi - square test;

bp value based on Independent t-test;

¢p value based on Mann-Whitney U test;

*p<0.05; significant

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% CI)

31.16 (11.36 — 50.96)

11.05 (8.39 — 13.72)

Median (95% CI)

21 (14.61 — 27.39)

8 (6.27 — 9.73)

p value

0.002

Hazard Ratio

(95% ClI)

2.664 (1.341 — 5.29)

p value

0.005

0.905°¢




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% ClI) 16.58 (10.48 — 22.68) 8.33 (0 — 19,892)
Median (95% CI) | 9 (7,044 — 10,957) 4 (0 — 8,801)

p value 0.223

Hazard Ratio 1.980 (0.612 — 6.40)
(95% ClI)

p value 0.254




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 20 (64.5%) 5 (10.2%) 0 (0%)
amount

Mean (95% CI)[31.16 (11.36 — 50.96) 11,23 (8.5 14.0)8.33 (0 - 19.89)

Median (95% [21 (14.6 — 27.4) 8(6.32—9.68) 14 (0-8.8)

Cl)

p value 0.007

Hazard Ratio |1 2.605 (1.306 —3.986 (1.084 — 14.652)
(95% CI) 5.196)

p value 0.007 0.037

Notes: a: Group with no risk factor (MCP-1 <123.03 pg/mL and D-Dimer <43.5
mg/L FEU); b: Group with 1 risk factors (MCP-1 >123.03 pg/mL or D-dimer >43.5
mg/L FEU); c: group with 2 risk factors (MCP-1>123.03 pg/mL and D-dimer >43.5
mg/L FEU)
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Figure 1. Overall survival analysis graph.
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Notes: 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.



Figure 2. Kaplan-meier survival analysis graph based on mcp-1 levels in sepsis

patients.
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Notes: 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.



Figure 3. Kaplan-meier survival analysis graphs based on d-dimer levels in sepsis

patients.
Survival Functions
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Notes: 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).



Figure 4. Kaplan—meier survival analysis graph based on the combination of mcp-

1 and d-dimer.

Survival Functions

Combined Risk
1.0 Factor

_I1 Risk Factor 1
71 Risk Factor 2
Risk Factor 3

}— Risk Factor 1-censored

|— Risk Factor 2-censored

Risk Factor 3-censored

0.87

0.6

0.4+

Cum Survival (%)

0.0

T T T T T T T
oo 20.00 40.00 60.00 30.00 100.00 120100

Duration of Hospital Stay (days)
Notes: 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
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