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Abstract: Objective To explore the correlations of plasma mitochondrial DNA (mtDNA), soluble myeloid cell triggering
receptor-1 (STREM-1) levels with the severity of infection and inflammatory indicators in patients with diabetic foot ulcers (DFU),
in order to reveal their potential value in the assessment of infection and inflammatory status of DFU. Methods A total of 186
DFU patients admitted to Putuo Hospital, Shanghai University of Traditional Chinese Medicine from January 2022 to December
2024 were selected. They were divided into mild-moderate group (135 cases) and severe group (51 cases) according to the
severity of disease infection. The routine clinical data and inflammatory indicators of the patients were collected, and the levels
of plasma mtDNA and sTREM-1 were detected. Spearman rank correlation analysis was used to evaluate the correlations of
plasma mtDNA, sTREM-1 levels with Infectious Diseases Society of America (IDSA) / International Working Group on Diabetic
Foot (IWGDF) classification, C-reactive protein (CRP), procalcitonin (PCT), etc. Based on the follow-up results three months after
discharge, patients were divided into good prognosis group (121 cases) and poor prognosis group (65 cases). Multivariable
logistic regression analysis was used to analyze the influencing factors of the prognosis of DFU patients. The value of plasma
mtDNA and sTREM-1 levels in evaluating the short-term prognosis of DFU patients was analyzed using the receiver operating
characteristic (ROC) curve. Results The fasting blood glucose (FPG), glycosylated hemoglobin (HbA1C), CRP, PCT, white blood
cell count (WBC), and neutrophil percentage (NEU%) of patients in the severe group were higher than those in the mild-moderate
group (P<0.05). The levels of plasma mtDNA and sTREM-1 in the severe group were higher than those in the mild-moderate
group [2.20+0.68 1s1.51+0.49, /=7.658, £<0.01; (189.16+63.25) pg/mL vs(122.49+30.04) pg/mL, =9.712, P<0.01] . The plasma
mtDNA and sTREM-1 levels of diabetic foot ulcer patients were positively correlated with the severity of disease infection, CRP,
PCT, WBC, and NEU% (P<0.05). The proportion of patients with peripheral vascular lesions, the proportion of severe disease
infections, as well as the levels of FPG, HbA1C, CRP, PCT, WBC, NEU%, mtDNA, and sTREM-1 were all higher in the poor prognosis
group compared to the good prognosis group (£<0.05). Peripheral vascular lesions, severe disease infection, elevated CRP, PCT,
NEU%, mtDNA, and sTREM-1 levels were risk factors for poor prognosis of DFU patients (£<0.05). The area under the curve of
plasma mtDNA, sTREM-1 levels, and the combination of the two indicators in evaluating the short-term poor prognosis of DFU
patients were 0.816, 0.814, and 0.898, respectively. Conclusion Plasma mtDNA and sTREM- 1 levels are closely related to the
severity of infection and systemic inflammatory status in DFU, and the combined detection of these two indicators has potential
predictive value for the short-term poor prognosis of DFU patients.
Keywords: Diabetic foot; Diabetic foot ulcer; Mitochondrial DNA; Soluble triggering receptor expressed on myeloid cells-1;
Severity of infection; Inflammatory state
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Diabetic foot ulcer (DFU) is a global public health
problem [1]. At present, clinical assessment of infection
severity in DFUs mainly relies on systems such as the
Wagner classification and the Texas classification, which
are based on physical examination and imaging findings.
These systems are somewhat subjective and have difficulty
precisely quantifying the accompanying systemic
inflammatory response [2]. C-reactive protein (CRP) and
procalcitonin (PCT) have been routinely used; however,
CRP may also increase in noninfectious inflammation, and
PCT may have insufficient sensitivity in chronic wounds
or mild localized infections [3-4]. Therefore, identifying
novel biomarkers that can reflect DFU infection severity
and systemic inflammatory status earlier and more
specifically is of great significance for guiding precise
clinical treatment. Mitochondrial DNA (mtDNA) can
strongly activate neutrophils and monocytes/macrophages

through pathways such as Toll-like receptor (TLR) 9, and
is a key molecule linking local injury to systemic
inflammatory status [5]. Soluble triggering receptor
expressed on myeloid cells-1 (STREM-1) can markedly
enhance TLR-mediated inflammatory signaling pathways
and is a more specific marker of bacterial infection than
traditional indicators in diseases such as sepsis and
community-acquired pneumonia [6]. In this study, plasma
mtDNA and sSTREM-1 levels were measured in patients
with DFUs of different severity. Their correlations with
Infectious Diseases Society of America (IDSA)
/International Working Group on the Diabetic Foot
(IWGDF) grade and traditional inflammatory indicators
such as CRP and PCT were analyzed to reveal their
potential value in assessing infection and inflammatory
status in DFUs.
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1 Materials and Methods
1.1 General Data

A total of 186 patients with DFUs admitted to Putuo
Hospital, Shanghai University of Traditional Chinese
Medicine, from January 2022 to December 2024 were
prospectively enrolled. The inclusion criteria were as
follows: (1) Meeting the diagnostic criteria for type 2
diabetes mellitus [7]. (2) Presence of definite foot
ulceration, with Wagner grade >1 [8]. (3) Age 18-80 years.
(4) No systemic antibiotic therapy before admission, or
discontinuation of antibiotics for at least 72 h. The
exclusion criteria were as follows: (1) Acute infection at
other sites. (2) Malignant tumors, connective tissue disease,
autoimmune disease, or severe hepatic or renal dysfunction.
(3) Recent major trauma, surgery, myocardial infarction, or
stroke. (4) Long-term use of immunosuppressants or
glucocorticoids. (5) Pregnancy or lactation.

Patients were grouped according to the
IDSA/IWGDF classification system [9]. The mild-to-
moderate group included patients with IDSA/ITWGDF
grade 2 or 3 infection. Mild infection (grade 2) was defined
as local infection, and moderate infection (grade 3) was
defined as local infection with deep tissue involvement or
fewer than two signs of systemic inflammatory response.
The severe group included patients with IDSA/ITWGDF
grade 4 infection, defined as systemic infection or two or
more signs of systemic inflammatory response. There were
135 patients in the mild-to-moderate group and 51 patients

in the severe group. This study was approved by the Ethics
Committee of Putuo District Central Hospital, Shanghai,
Putuo Hospital, Shanghai University of Traditional
Chinese Medicine [approval No. PTEC-A-2025-25-1].

1.2 Observation Indicators

1.2.1 General Data Collection

Data collected included age, sex, body mass index
(BMI), smoking history, duration of diabetes, peripheral
vascular disease, fasting plasma glucose (FPG), glycated
hemoglobin (HbAlc), CRP, PCT, white blood cell count
(WBC), and neutrophil percentage (NEU%).

1.2.2 Detection of Plasma mtDNA and sSTREM-1

Morning fasting venous blood samples (5 mL) were
collected from the median cubital vein within 24 h after
admission and before broad-spectrum antibiotics were
administered. Among the samples, 2 mL of venous blood
was used to detect mtDNA levels. Total DNA was
extracted using reagents purchased from Tiangen Biotech
Co., Ltd. mtDNA levels were measured by real-time
fluorescence quantitative polymerase chain reaction. The
primers  for  mitochondrially  encoded NADH
dehydrogenase 1 (MT-ND1) and the internal reference f3-
globin are shown in Table 1. Related reagents were
purchased from Thermo Fisher Scientific. The remaining 3
mL of venous blood was used to detect sSTREM-1 levels by
enzyme-linked immunosorbent assay, with reagents
purchased from Shanghai Xitang Biotechnology Co., Ltd.

Table 1. mtDNA and Internal Reference Primers

Primer Forward primer (5'—3’) Reverse primer (5'—3')
MT-ND1 CCC TAAAAC CCG CCACATCT GAG CGATGG TGA GAG CTAAGG T
p-globin GTG CAC CTG ACT CCT GAG GAG A CCT TGA TAC CAA CCT GCC CAG

1.3 Follow-Up

All enrolled patients were followed up 3 months after
discharge through outpatient reexamination, telephone call,
or WeChat video call, and post-discharge events were
recorded. Complete ulcer healing was defined as complete
epithelial coverage of the wound surface, without
exudation or scab formation, and without the need for
further wound dressing. Ulcer recurrence was defined as
new ulceration at the original healed site or an adjacent site.
DFU-related readmission was defined as rehospitalization
due to ulcer deterioration, new infection, or
revascularization. Amputation events were defined as
amputation at any level caused by DFU. According to
follow-up outcomes, patients with complete ulcer healing
and no recurrence were assigned to the good-prognosis
group (n=121), whereas patients with unhealed ulcers,
recurrence, readmission, or amputation were assigned to
the poor-prognosis group (n=65).

1.4 Statistical Analysis

SPSS 20.0 software was used for data analysis.
Normally distributed continuous variables are expressed as

x+ts, and between-group comparisons were performed
using the independent-samples t test. Categorical data are
expressed as cases (%), and between-group comparisons
were performed using the chi-squre test. Spearman rank
correlation analysis was used to evaluate the correlations
of plasma mtDNA and SsTREM-1 levels with
IDSA/TWGDF grade, CRP, PCT, WBC, NEU%, and other
indicators. Logistic regression analysis was used to
identify factors influencing prognosis in patients with
DFUs. Predictive performance was evaluated using ROC
curve analysis. A P value <0.05 was considered statistically
significant.

2 Results

2.1 Comparison of General Data Between the Mild-
to-Moderate Group and the Severe Group

FPG, HbAlc, CRP, PCT, WBC, and NEU% were
higher in the severe group than in the mild-to-moderate
group, and the differences were statistically significant
(P<0.05). See Table 2.
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2.2 Comparison of Plasma mtDNA and sTREM-1
Levels Between the Mild-to-Moderate Group
and the Severe Group

Plasma mtDNA and sTREM-1 levels were higher in
the severe group than in the mild-to-moderate group, and
the differences were statistically significant (P<0.05). See
Table 3.

2.3 Correlations of Plasma mtDNA and sTREM-1
Levels With Infection Severity and Inflammatory
Indicators

Plasma mtDNA and sTREM-1 levels in patients with
DFUs were positively correlated with IDSA/IWGDF grade,
CRP, PCT, WBC, and NEU% (P<0.05). See Table 4.

2.4 Comparison of Baseline Data Between Patients
With Different Prognoses

The proportion of patients with peripheral vascular
disease, FPG, HbAlc, CRP, PCT, WBC, NEU%, mtDNA,
STREM-1, and the proportion of severe infection were
higher in the poor-prognosis group than in the good-
prognosis group, and the differences were statistically
significant (P<0.05). See Table 5.

Table 2. Comparison of General Data Between the Mild-to-
Moderate Group and the Severe Group (X £ S)

Item Mild-to-moderate Severe group t/x° P
group (n=135) (n=51) value value
Age, years 48.5349.41 47.72£10.16 0.512 0.609
Gender 0.017 0.897
Male, n (%) 78 (57.78) 30 (58.82)
Female, n (%) 57 (42.22) 21 (41.18)
BMI, kg/m* 23.53+3.11 23.2842.94 0.496 0.620
Smoking history, n (%) 62 (45.93) 22 (43.14) 0.116 0.733
Duration of diabetes, 10.52+4.73 11.02+4.61 0.648 0.518
years
Peripheral  vascular 65 (48.15) 32 (62.75) 3.161 0.075
disease, n (%)
FPG, mmol/L 7.82+1.48 8.42+2.05  2.206 0.029
HbAlc, % 7.65+1.18 8.12+1.56  2.209 0.028
CRP, mg/L 5.22+2.35 8.26£2.51  7.724 <0.001
PCT, ng/mL 0.07+0.02 0.10£0.05  5.858 <0.001
WBC, x10°/L 6.48+1.73 7.53+2.01  3.529 <0.001

Table 3. Comparison of Plasma mtDNA and sSTREM-1 Levels
Between the Mild-to-Moderate Group and the Severe Group

Group n mtDNA sTREM-1, pg/mL
Mild-to-moderate group 135 1.51+0.49 122.49+30.04
Severe group 51 2.20+0.68 189.16+63.25

t value 7.658 9.712

P value <0.001 <0.001

Table 4. Correlation Analysis of Plasma mtDNA and sSTREM-1
Levels With Infection Severity and Inflammatory Markers

mtDNA sTREM-1

Indicator

rvalue P value r value P value
IDSA/IWGDF grade 0.486 <0.001 0.462 <0.001
CRP 0.423 <0.001 0.435 <0.001
PCT 0.385 <0.001 0.408 <0.001
WBC 0.342 <0.001 0.367 <0.001
NEU% 0.318 <0.001 0.351 <0.001
NEU%, % 63.98+9.85  69.47+£9.93 3.384  0.001

2.5 Multivariate Logistic Regression Analysis of
Factors Affecting Prognosis in DFU Patients

Peripheral vascular disease (yes=1, no=0), infection
severity (severe=1, mild-to-moderate=0), and FPG,
HbAlc, CRP, PCT, WBC, NEU%, mtDNA, and sSTREM-
1 levels, entered as measured continuous variables, were
used as independent variables. Poor prognosis in patients
with DFUs (yes=1, no=0) was used as the dependent
variable. Logistic regression analysis showed that
peripheral vascular disease, severe infection, and elevated
CRP, PCT, NEU%, mtDNA, and sTREM-1 levels were
risk factors for poor prognosis in patients with DFUs
(P<0.05). See Table 6.

2.6 ROC Curve Analysis of the Value of Plasma
mtDNA and sTREM-1 Levels in Assessing
Prognosis in Patients With DFUs

ROC curves were plotted to evaluate the value of
plasma mtDNA and sTREM-1 levels in predicting
prognosis in patients with DFUs. A combined predictive
factor was constructed using a logistic regression model.
The results showed that the AUCs for plasma mtDNA,
STREM-1, and the combination of the two indicators in
predicting short-term poor prognosis in patients with
DFUs were 0.816, 0.814, and 0.898, respectively. See
Table 7 and Figure 1.

Table 5. Comparison of Baseline Data Between Patients With
Different Prognoses (x=+s)

Item Good-prognosis Poor-prognosis t/y* P value

group (n=121)  group (n=65) value

Age, years 48.2149.52 48.49+9.78 0.189  0.850
Gender 0.006 0.936
Male, n (%) 70 (57.85) 38 (58.46)
Female, n (%) 51(42.15) 27 (41.54)
BMI, kg/m? 23.48+3.43 23.4243.27 0.116  0.908
Smoking history, n (%) 58 (47.93) 26 (40.00) 1.075  0.300
Duration of diabetes, 10.63+4.84 10.71+4.59 0.109 0913
years
Peripheral vascular 55 (45.45) 42 (64.62) 6.221  0.013
disease, n (%)
FPG, mmol/L 7.79+1.58 8.35+1.95 2.120  0.035
HbAlc, % 7.51£1.25 8.28+1.53 3.698 <0.001
CRP, mg/L 4.89+2.33 8.22+2.69 8.798  <0.001
PCT, ng/mL 0.07+0.02 0.09+0.04 4.549  <0.001
WBC, x10°/L 6.35+1.71 7.54+2.03 4234  <0.001
NEU%, % 63.50+9.79 69.18+9.95 3.751 <0.001
mtDNA 1.44+0.55 2.18+0.61 8.419  <0.001
sTREM-1, pg/mL 118.96+32.09 181.37+59.47 9.306 <0.001

Infection degree, n (%) 75.328 <0.001
Mild-to-moderate

Severe

113 (93.39)
8 (6.61)

22 (33.85)
43 (66.15)

Table 6. Multivariate Logistic Regression Analysis of Factors
Affecting Prognosis in Patients With DFU

Factor 8 SE__Wald > Pvalue __OR (95%CI)
Peripheral 0831 0312 7.102  0.008 2.296(1.245-4.231)
vascular disease

FPG 0152 0.094 2614 0.106 1.164(0.969-1.400)
HbAlc 0.183 0.121 2286 0.131 1201 (0.947-1.522)
CRP 0205 0.073 7.888  0.005 1.228(1.064-1.416)
PCT 0.861 0405 4522 0.033 2.366 (1.070-5.232)
WBC 0.118 0083 2022 0.155 1.125(0.956-1.324)
NEU% 0.045 0019 5.608 0.018 1.046 (1.008-1.086)
mtDNA 1126 0284 15716 <0.001 3.083 (1.767-5.380)

sTREM-1 0.015  0.003
Severe infection  1.224  0.358

25.000 <0.001 1.015(1.009-1.021)
11.692 <0.001 3.401 (1.686-6.860)




o 8] 02 R 4Rt

Chin J Clin Res, June 2026, Vol.39, No.6

Table 7. Value of Plasma mtDNA and sTREM-1 Levels in
Assessing Prognosis in Patients with DFUs

Factor Cut-off

AUC P value Sensitivity Specificity  95%CI
value
mtDNA 0.816 <0.001  1.72 0.800 0.711  0.753-0.869
STREM-1 164.88
0.814 <0.001 0.646 0.926  0.751-0.868
pg/mL
Combination 0.898 <0.001 — 0.785 0.901  0.846-0.938
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Figure 1. ROC curves of plasma mtDNA and STREM-1 levels
for evaluating prognosis in patients with DFUs

3 Discussion

DFU infection is a core factor leading to delayed ulcer
healing, rapid disease deterioration, and even nontraumatic
amputation [10-11]. In recent years, the mechanisms
underlying activation of the innate immune system in
infection and sterile inflammation have gradually been
clarified. mtDNA, as an important damage-associated
molecule, and sSTREM-1, as an amplifier of inflammatory
responses, play important roles in severe infectious
diseases such as sepsis and acute lung injury. However,
their value in DFUs has not been systematically studied
[12-13].

The results of this study showed that plasma mtDNA
and sTREM-1 levels were significantly higher in the
severe group than in the mild-to-moderate group. DFU
wounds exist in a unique destructive microenvironment.
Persistent  hyperglycemia leads to mitochondrial
dysfunction and excessive production of reactive oxygen
species, while ischemia and hypoxia in the wound further
aggravate cellular energy crisis [14]. Under the direct
attack of bacterial toxins and inflammatory factors, tissue
cells undergo apoptosis and necrosis, and intracellular
mtDNA is subsequently released in large quantities into the
extracellular space and enters the circulation [15].
Therefore, plasma mtDNA levels essentially quantify the
burden of local tissue injury. Severe infection indicates
more extensive tissue destruction and more serious cellular
injury, resulting in higher mtDNA levels. In DFU wounds,
TREM-1 on the surface of infiltrating neutrophils and
macrophages is synergistically activated by bacterial
components and damage-associated molecular patterns
(DAMPs), such as mtDNA. TREM-1 is then shed into the

blood through proteolytic cleavage to form sTREM-1 [16].
The more severe the infection, the greater the bacterial
burden and the stronger the immune-cell activation,
resulting in greater release of STREM-1 into the
bloodstream. Correlation analysis in this study showed that
mtDNA and sTREM-1 were positively correlated not only
with IDSA/IWGDF grade but also with traditional
inflammatory indicators such as CRP, PCT, and WBC.
mtDNA released into the bloodstream can be recognized
by immune cells, and its unmethylated CpG motifs are
natural ligands of TLRO [17]. Activation of TLR9 triggers
signaling pathways such as NF-«xB, leading to massive
production of proinflammatory cytokines, including TNF-
a, IL-1P, and IL-6. These cytokines are the key drivers of
hepatic CRP synthesis and PCT elevation [18]. Therefore,
the higher the mtDNA level, the stronger the inflammatory
response amplified through the TLR9 pathway, and the
more significant its correlation with traditional
inflammatory indicators. Although sTREM-1 itself does
not directly trigger signaling, its level directly reflects the
activation degree of the TREM-1 pathway [19]. TREM-1
can synergize with receptors such as TLR4 to greatly
amplify inflammatory signals triggered by bacterial
products and DAMPs, producing an inflammatory storm
effect [20].

Multivariate logistic regression analysis in this study
confirmed that mtDNA and sTREM-1 remained
independent risk factors for poor prognosis even after
adjustment for confounding factors such as infection
severity, glycemic status, and traditional inflammatory
indicators. mtDNA reflects an ongoing tissue injury
process that cannot be fully captured by existing
examinations, whereas STREM-1 reflects an excessively
activated and potentially uncontrolled immune status. In
the field of sepsis, multiple studies have confirmed that
plasma mtDNA and sTREM-1 are important indicators for
diagnosis and prognostic assessment [21-22]. In the field
of diabetes, studies have found that plasma mtDNA levels
are associated with cardiovascular complications in
patients with diabetes [23]. The results of the present study
are consistent with the theory that DAMPs drive chronic
inflammation, and suggest that persistent tissue injury may
also maintain a low-grade inflammatory state, creating
conditions for bacterial colonization and spread. These
findings also suggest that detection of mtDNA and
sTREM-1 may help identify patients who appear clinically
stable but are actually at high prognostic risk, thereby
guiding more aggressive debridement, anti-infective
treatment, and revascularization strategies. Interventions
targeting mtDNA or the TREM-1 pathway may also
become new strategies for suppressing excessive
inflammatory responses and improving prognosis in DFUs.

This study was a single-center observational study
with a relatively limited sample size, and its findings
require further validation in subsequent multicenter
prospective studies with larger samples. Specific treatment
regimens, nutritional status, pathogen species, and
pathogen load may all influence infection severity,
inflammatory levels, and prognosis, and these factors
should be more strictly controlled in future studies. The
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follow-up period in this study was 3 months, and long-term
prognosis could not be evaluated. Future studies should
include longer follow-up.

In conclusion, this study showed that plasma mtDNA
and sTREM-1 levels were closely associated with the
clinical severity of DFUs and traditional inflammatory
indicators. Multivariate logistic regression analysis further
suggested that higher mtDNA and sTREM-1 levels may be
independent risk factors affecting patient prognosis. These
findings provide a new perspective for understanding the
pathophysiological process of DFUs. mtDNA and
sTREM-1 are expected to serve as auxiliary reference
indicators for evaluating DFU severity. However, their
exact clinical application value requires further validation
through larger multicenter studies.
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Z1M2% mtDNA Fl1sTREM-1 7K, % Spearman FRAHEA T, TEAL 1L 2% miDNA (sTREM-1 7KF 52 EIE‘Z‘}“J??}”L’/\
(IDSA)/HE PR e 1 bR TAEZH (IWGDF ) 434% . C 4K 1 (CRP) FR45 2 5L (PCT) S bR Z (B 1 AH DG o AR
Bl 3 H BIBETRZE SR K BB 4 M IR R4 (121 ) TR A R 4L (6561)) o SR Z K2 logistic [11I3 404 DFU
BETGREME R, RHZIRE TAEREE(ROC) IIZ /3T MK mDNA sTREM-1 7K F1F4k DFU &% M 5
B, &R SEEAERE S (FPG) Fibii£r & A (HbA ) .CRP . PCT . HAIMIIT4L(WBC) . Hr A 41 i
Hr L (NEU% ) B3 F e R (P<0.05) . S EEALRH 2K miDNA (sTREM-1 /KF-¥ 1 F42H 4 [ 2.20+0.68
vs 1.51£0.49, 1=7.658,P<0.01; (189.16+63.25)pg/mL vs (122.49+30.04) pg/mL, t=9.712, P<0.01], DFU ¥ if
4% mtDNA .sTREM-1 7K F- 55 IDSA/IWGDF 43% .CRP . PCT . WBC .NEU% % IEAH 56 (P<0.05) . TilJG A R4 i 4
I J) Bl 10485 9 72 e A9 B R SRR LS A K2 FPG  HbA . .CRP .PCT . WBC . NEU% .mtDNA .sTREM-1 /K-35 &5 T 15
J5 BT (P<0.05) . &) Bl A 48 | 3 JL A CRP .\ PCT \NEU% .mtDNA sTREM-1 /K F- T} J& DFU (3%
TG A B AER I (P<0.05) . IfL3% miDNA sTREM-1 7K 3 2 K 95 35 48 bR A PB4 DFU 8 2 48 W iU A
R HTZE T AL 514 0.816.,0.814,0.898 . 4518 13K mtDNA Fll sTREM-1 /K15 DFU JR Y ™ s f i 1 4 B
RALRASE VIR, P Be A R ) S8 e B TS N R AT S T4 (6

KRR MR A2 5 BEIRR 005 5 LRI DNA ; ml VA PEBE R AN Ak e S2 -1 SRS SR AR 5 ARAEIRES
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Correlation of plasma mitochondrial DNA, sTREM-1 levels with the severity of

infection and inflammatory state in diabetic foot ulcers
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Department of Vascular Surgery, Putuo Hospital, Shanghai University of Traditional Chinese Medicine ,
Shanghai 200062, China
Corresponding author: HUANG Rong , E-mail : huangrongsci@163.com
Abstract: Objective To explore the correlations of plasma mitochondrial DNA (mtDNA) , soluble myeloid cell
triggering receptor- 1 (STREM - 1) levels with the severity of infection and inflammatory indicators in patients with
diabetic foot ulcers (DFU) , in order to reveal their potential value in the assessment of infection and inflammatory
status of DFU. Methods A total of 186 DFU patients admitted to Putuo Hospital, Shanghai University of Traditional
Chinese Medicine from January 2022 to December 2024 were selected. They were divided into mild - moderate group

(135 cases) and severe group (51 cases) according to the severity of disease infection. The routine clinical data and
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inflammatory indicators of the patients were collected, and the levels of plasma mtDNA and sTREM-1 were detected.
Spearman rank correlation analysis was used to evaluate the correlations of plasma mtDNA, sTREM-1 levels with
Infectious Diseases Society of America (IDSA) / International Working Group on Diabetic Foot (IWGDF) classification,
C-reactive protein (CRP) , procalcitonin (PCT) , etc. Based on the follow—up results three months after discharge,
patients were divided into good prognosis group (121 cases)and poor prognosis group (65 cases). Multivariable logistic
regression analysis was used to analyze the influencing factors of the prognosis of DFU patients. The value of plasma
mtDNA and sTREM-1 levels in evaluating the short-term prognosis of DFU patients was analyzed using the receiver
operating characteristic (ROC) curve. Results The fasting blood glucose (FPG), glycosylated hemoglobin (HbA,) ,
CRP, PCT, white blood cell count (WBC) , and neutrophil percentage (NEU% ) of patients in the severe group were
higher than those in the mild-moderate group (P<0.05). The levels of plasma mtDNA and sTREM-1 in the severe group
were higher than those in the mild-moderate group [2.20+0.68 vs 1.51+0.49, 1=7.658, P<0.01; (189.16+63.25)pg/ml.
vs (122.49+30.04) pg/mL, 1=9.712, P<0.01]. The plasma mtDNA and sTREM-1 levels of diabetic foot ulcer patients
were positively correlated with the severity of disease infection, CRP, PCT, WBC, and NEU% (P<0.05). The
proportion of patients with peripheral vascular lesions, the proportion of severe disease infections, as well as the levels
of FPG, HbA,, CRP, PCT, WBC, NEU% , mtDNA, and sTREM-1 were all higher in the poor prognosis group
compared to the good prognosis group (P<0.05). Peripheral vascular lesions, severe disease infection, elevated CRP,
PCT, NEU% , mtDNA, and sTREM-1 levels were risk factors for poor prognosis of DFU patients (P<0.05). The area
under the curve of plasma mtDNA, sTREM-1 levels, and the combination of the two indicators in evaluating the short-term
poor prognosis of DFU patients were 0.816, 0.814, and 0.898, respectively. Conclusion Plasma mtDNA and sTREM-1
levels are closely related to the severity of infection and systemic inflammatory status in DFU, and the combined detection of
these two indicators has potential predictive value for the short-term poor prognosis of DFU patients.

Keywords: Diabetic foot; Diabetic foot ulcer; Mitochondrial DNA; Soluble triggering receptor expressed on myeloid
cells-1; Severity of infection; Inflammatory state

Fund program: New Round of Clinical Medicine Discipline Construction Project of the Health and Wellness System in
Putuo District, Shanghai (2024tszb03) ; Putuo District Xinglin Excellent Young Talent Training Program (ptxlyq2503)

W PR 9% I 1797 (diabetic foot ulcer, DFU) J& 4k
H Aif i A6 DFU B ™ B

2 \Texas 73 FE TR

Diseases Society of America, IDSA )M 2 EFR TAEZH
(International Working Group on Diabetic Foot, IWGDF )
514 S CRP | PCT AL 58 RAEAEHRHIMISCHE , AR

WA FIRAR B R GE , AFAE—5E A WL HELUKS
e A AR BE Y 42 B PR SAE SOVAR AR . C R 4R
I (C reactive protein, CRP) . F&%%?}?(procalcitonin,
PCT) 55T H FUNFH , SR11T , CRP FE AR IR YL M 4 v
IRF T s PCT 7S 1 B 1A sl B ) il e vh R A

ﬁﬁbKE o P, R REN L R SR
W DFU Jik i Fﬁﬁfﬁlﬁ%‘kfﬁ(uE’J%ﬁﬁui%ﬁ

W TR IR RRS AT B BB S 2ok
{& DNA (mitochondrial DNA , mtDNA ) 7] 38 i3 Toll ¥£5%
P& (Toll like receptors, TLR)9 553845 , i 1 #4005
L2 0 e B B A, R R A e B R
SERASHY SCBE 71 o AT IR P AR 0 i ik K 52 4R -1
(soluble triggering receptor expressed on myeloid cells-1

STREM-1) i i 35 14 5% TLR A5 (1) RAE (5 538 B , 78
REEAE AL DX ARAT R Ml 98 A5 Fh o L AR BE 4R AR B
FURE Sk 0 20 DR AR AR o AS IR Y S o R
ANTR] AR JEE DRU R I miDNA 5 sTREM- 1
IKF-, a3 B — 35 5 1 3 5% R GL 9 °7 2% (Infectious

AR DFU RGR B AR ASA TP SR A
1 AREFE

L1 —fCFA AR HR b i B 25 R w3
B B B 2022 4F 1 H % 2024 4F 12 H WIG # DFU
186 5, AWAFRUE: (1) FF5 2 BUBE IR FHOCI2 Wik
W75 (2) F7AE B 3015007 , Wagner 70 %=1 405
(3) 4% 18~80 % 5 (4) ABEHiAIEZ i REMPIER
BT, s EEYU R R 72 he HERRE: (1) ST
HAFA SRR 5 (2) PR HEIPR 254k 20

H S e e Em S RN 45 (3) LA &
KA FARBCONHESE A st 5 (4) KR
SEFI R o K B R 5 (5) IR R LI a4

WKHE IDSA/IWGDF 734 R G it 47 /el . rp
JE4 N IDSA/IWGDF 4345 2 4 Fl 3 9, 52 1 (2 4% ) )y
TR s R (390) M R IR e I 412137 Rl 4
By RAE N ARAE<2 T, H B 2H R IDSA/IWGDF 434%
454, 4 B RRYL sl A B RN RONARE=2 301, Frh A
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A3, FEREHIAA S0, AR C 2 B
B Do BE R (i R 24 R R R Bt ) (e P2
A S (PTEC-A-2025-25-1) ]

1.2 WEIEAT

121 —fGORE IR BB ARSI B AR BT i R
£ (body mass index, BMI) WA S BE PR i A L 50
JE RS9 A8 25 18 1A (fasting blood glucose , FPG) |
B L2185 H (glycosylated hemoglobin, HbA ) .CRP
PCT. 40 12 31%% (white blood cell count, WBC) | 144
HFLAR I 43 b (neutrophil percentage , NEU% ) &£ 58}

1.2.2 I3 mtDNA J sTREM-1 R0 iy (3 T A
BEJe 24 h N RAH) ST R0, R R W IE
FEHIKIN S mLo Herp 2 mL KA TSI miDNA 7K
-, SRIBCE DNA, SO [ RAR A AR FR 2
Ao R SEM DG E 3R G W S A A miDNA
K-, SR A 2 B 1) NADH B 085 7 5L 1 (mitochon-
drially encoded NADH: dehydrogenase 1, MT-ND1) A&
NZ:B-globin 5 1¥) W3 1, H5CEURIE A ZEER GRS
wlo 53403 mLERKINA A sTREM- 1 7K-F-, 5 T
B e R, iGRIe B L3P A R A IR A WD

=1 miDNA RAZH1Y

Tab.l mtDNA and internal reference primers

ElL7] EmGI#(5'—3")

Bl 514 (5'—3")

MT-ND1 CCC TAA AAC CCG CCA CAT CT

B-globin GTG CAC CTG ACT CCT GAG GAG A

GAG CGA TGG TGA GAG CTA AGG T
CCT TGA TAC CAA CCT GCC CAG

1.3 By A AdLEE B s 3 AiEE 12K
A LG RS U T S T RED e SRR B S
BRF RN . Bm e WA 8 A T b
A AE AR, TOB T Toss N, H T AT
ezl BomE K S TE RS IR R A7 5k AR R
HIHEE . DFUAHSCER AR : R0k & 8%
Yol il iz F A IR R R BE . B R [ DFU &
AT AT B . RIEREVTZE R B E 2l
HHAE R BEENTGE RIH (121 6], Bk
2R ARSI E R s AN R4 (6511) o

1.4 it 5 7k R SPSS 20.0 F R AL BB
FEE IER S T BERER H wes 3R0R , W) HLAA T
MSTREA R I . BB I (%) 0K | 21 H) A
1T X K86 o >R F Spearman #k A0 5¢ 43 AT, PEAR 1ML ¢
mtDNA | sTREM - 1 7K *F- 5 IDSA/IWGDF 432 . CRP.
PCT .WBC . NEU% %548 bR A G o 2R H] logistic [1]
IF43 T DFU 8835 i B2 e R 26, PRAR SCRE R 32
B TAERFE (receiver operating characteristic, ROC)
HZE53Hr. P<0.05 M2ZEFA G F7E X,

2 # R

21 BPEMARFEME—fETAE HETHERY
FPG . HbA .. CRP.PCT, WBC . NEU% 4 &5 T 4% v i
M, R AR L (P<0.05), K2,

22 W EL R F E 4 mtDNA sTREM-1 K -F
stk A 2K mtDNA  sTREM-1 7K V-2 5
TR, 2 A5 L (P<0.05) . L33,
2.3 o mtDNA.sTREM-1 K-F 5 5% jm B 3 = & 42

®2 BPEALEREE - BRIORHLE  (vss)
Tab.2 Comparison of general data between mild-moderate

eroup and severe group (x+s)

i %iff %E% sl Pl
(%) 48.53+9.41 47.72+10.16 0.512 0.609
PRI 51(%) ]

5 78(57.78)  30(58.82)

B-S 57(42.22)  21(41.18) 0017 0897
BMI(kg/m?) 23.5323.11 23.28+2.94 0496 0.620
WA S [ 5] (%) ] 62(45.93) 22(43.14) 0.116 0.733
BEPRITREFE (4F) 10.52+4.73 11.02+4.61 0.648 0.518
GBI E (%)) 65(48.15)  32(62.75) 3.161 0.075
FPG (mmol/L) 7.82+1.48  8.42+2.05 2206 0.029
HbA (%) 7.65£1.18  8.12£1.56 2209 0.028
CRP(mg/L) 5224235  8262.51 7.724 <0.001
PCT(ng/mL) 0.07£0.02  0.10+0.05 5.858 <0.001
WBC(x10°/L) 6.48+1.73  7.53+2.01 3.529 <0.001
NEU%(%) 63.98+9.85 69.47+9.93 3.384 0.001

R K JEFAF AR Z . DFU B 2 I3 miDNA |
sSTREM-1 7KF- 5 IDSA/IWGDF 434 .CRP .PCT .WBC ,
NEU% % IEAHE(P<0.05) . W 4,

24 ARG EF ALK HEAREH
A 1 B4 28 o9 .FPG \HbA,..CRP .PCT . WBC..
NEU% .mtDNA . sTREM-1 % e 5 5 L 4l 34 v 1
e R, 2R A ST L (P<0.05) . W35,

2.5 #aDFUEH TS % B K logistic @ A5HT LU
A BN AE (1=0E,0=1%) JEYLFEE (1=H ¥,
0= &) .FPG,HbA,.,CRP,PCT,WBC,NEU% .
mtDNA sTREM-1 7K~V (52 , 2L R A8 &) oy H AR
i, IDFU & T A R (1=5&,0=75) N AR &, ifF
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T3 R 2R logistic [F1H AT . &5 H W , &I 8 [
I 95 748 | % Y L CRP. PCT . NEU% . mtDNA |
STREM-1 7K F-THE & DFU SRE BUG A B A GRS R &
(P<0.05), W#6,

2.6 ROC 1 & 5 #7 2 % mtDNA sTREM-1 7K -F 3 4%
DFU & U5 698 231l L2 mtDNA F1sTREM-1
KPS DFU B US89 ROC #h£R , R logistic [A11

R®3RPREA L EEA MK miDNA STREM-1 7K LA
(x%s)
Tab.3 Comparison of plasma mtDNA and sTREM-1 levels

between mild-moderate group and severe group (x+s)

415 Tk mtDNA STREM-1(pg/mL.)
R 135 1.51+0.49 122.49+30.04
il | 51 2.200.68 189.16263.25
t{H 7.658 9.712

P <0.001 <0.001

&4 MK miDNA STREM-1 /K- 55t/ i % S
L ANE I PS ey Y
Tab.4 Correlation analysis of plasma mtDNA, sTREM-1

levels with severity of infection and inflammatory markers

i mtDNA STREM-1
r{H PH r{H PAH
IDSA/IWGDF /3% 0.486  <0.001 0.462 <0.001
CRP 0423 <0.001 0.435 <0.001
PCT 0385  <0.001 0.408 <0.001
WBC 0342 <0.001 0.367 <0.001
NEU% 0318  <0.001 0.351 <0.001
K5 AFBUGBHOELTIRHLE (ots)

Tab.5 Comparison of baseline data of patients with different

prognoses  (xs)

BUG RIFA BUGARA
e <:§zf> &:ai i P
EI () 48.21+9.52  48.49+9.78 0.189 0.850
PERIL (%) ]
5 70(57.85)  38(58.46)

0.006  0.936

© 51(42.15)  27(41.54)
BMI(kg/m?) 23.48+3.43 2342327 0.116 0.908
W s [ 461 (% ) 58(47.93)  26(40.00) 1.075 0.300
WEbR SRR (4F) 10.63+4.84  10.71x4.59 0.109 0.913
BIABINAAE(%)]  55(45.45)  42(64.62) 6221 0.013
FPG (mmol/L.) 779158  8.35:1.95 2.120 0.035
HbA(%) 751125  8.28+1.53 3.698 <0.001
CRP(mg/L) 4.89+233  8.22+2.69 8.798 <0.001
PCT(ng/mL) 0.07£0.02  0.09£0.04 4.549 <0.001
WBC(x10"/L) 6.35£1.71  7.54%2.03 4.234 <0.001
NEU%(%) 63.50£9.79  69.18+9.95 3.751 <0.001
mtDNA 1.4420.55  2.18+0.61 8.419 <0.001

STREM-1(pg/mL) 118.96:32.09 181.37+59.47 9.306 <0.001
JEGRR I (451 (%) ]
LELDiS

HZ

113(93.39)
8(6.61)

22(33.85)
75.328 <0.001
43(66.15)

- 849 -

PR R A PEA T o 4538 B, 11 2% mtDNA |
sSTREM-1 7K 3 BUfilt K 19 301 48 AR 56 & 1Ak DFU 2 3
5 TS N B AUC 43 51 8 0.816,0.814, 0.898

U N R

Fzo6 M DFU B H S £ K logistic [P 34T

Tab.6 Mutivariable logistic regression analysis of factors

affecting the prognosis of DFU patients

PSS B SE Waldy Pfd OR{E(95%CI)
SIEFEIMARTZE 0.831 0.312 7.102  0.008 2.296(1.245~4.231)
FPG 0.152 0.094 2.614 0.106 1.164(0.969~1.400)
HbA 0.183 0.121 2.286 0.131 1.201(0.947~1.522)
CRP 0.205 0.073  7.888 0.005 1.228(1.064~1.416)
PCT 0.861 0.405 4.522 0.033 2.366(1.070~5.232)
WBC 0.118 0.083 2.022 0.155 1.125(0.956~1.324)
NEU% 0.045 0.019 5.608 0.018 1.046(1.008~1.086)
mtDNA 1.126 0.284 15.716 <0.001 3.083(1.767~5.380)
sTREM-1 0.015 0.003 25.000 <0.001 1.015(1.009~1.021)
R 1.224 0.358 11.692 <0.001 3.401(1.686~6.860)

7T M1 mDNA STREM-1/K-FIFAE DFU 825 U5 B e
Tab.7 The value of plasma mtDNA and sTREM-1 levels in

assessing the prognosis of DFU patients

SES AUC P

BTl REE

FERE 95%CI

mtDNA  0.816 <0.001

.72
sTREM-1 0.814 <0.001 164.88 pg/mL 0.646

0.800 0.711 0.753~0.869

0.926 0.751~0.868

EEITAG 0.898 <0.001 — 0.785  0.901 0.846~0.938
1.0
0.8 |
06T
=
ﬁ — mtDNA
041 — STREM-1
A Al
0.2 B
0 0.2 0.4 0.6 0.8 1.0
-5
Bl i3 mDNA sTREM-17K V¥4l DFU S8 & TS 4 ROC
HhZE
Fig.1 ROC curve of plasma mtDNA and sTREM-1 levels in
evaluating prognosis of DFU patients
3 4 i

DFU J& YL 2 3 800t 7 1 A T 1 2R Ak
PEECE| oL A TiOL A NS SN e v N
P R G AE I 5 TC T S E v B DL R A
B, mtDNA 158 — P L F 7340 56 73+, sTREM - 1
VER SERE SN B TIOR A , TEMERERE | 2k i 1 %5
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i R PR T R 5 AR SR, I #E DFU
T HME T = RGEHERFSE

A 5E 45 3 W, 5 A AR A I K miDNA Al
sTREM-1 7K F-3 25 & TR h E 4 . DFU AT b T
—APRRE BRSO T v, RS Y i IR B
BRTIBEZEAL , 7 A o 1 1 M A TR) s 0] 1T 1) I
B — 2 IR A0 AR AR AL TR TR R R R
iE 10 HEETGE T AU & AR T T RIS, I
PRI mtDNA Bifi =2 5 Kt R e 21 41 i Ah [T B 2 A
PEFR, BRI, 2% mtDNA /KA 5T | S 6 R B 28
LUt fr 1 AL, HE R RS )2 i 412
ik A 60 B 7 ) 4 LA 0, 5T L miDNA 7K B
[0 E DFU BT, 15 i 119 Hh P L 4 i i s 24 i 2%
17 Y TREM- 1 8% 20 8 %43 DA B miDNA S5 45455 41 2 5
FA5E5L (damage-associated molecular patterns, DAMPs )
PRI I, 8 A B K VR S i
JE L sSTREM-111%, JaR % 68 7™ i, 448 TR 71 g il K , e
S2E 240 550 R B, B I I ) sSTREM- 1 5t 22
AHIF T AR NS0T W% , miDNA FlI sSTREM-1 A{Y 5
IDSA/IWGDF 434 52 IEAH G, 4 5 CRP.PCT,WBC 5%
LG RIEFE AR B IEA C o B LAY mDNA 1]
B g A0 MU, A AR T Ak CpG 225 42 TLR9
P RSRIECAR" . TLRO M 23 fih & NF-kB 4 {5 538
B, B TNF-o IL- 1B IL-6 S5 48 40 i PR 1~ 1% K
A 3 2 it PR O 2 9K 2 T IR A B CRP 5 &
PCT R B0 8 71 . BRI, mtDNA 7K 5, i
ik TLRO 38 B 50K 14 AR AT SNy i , 55 4% 48 5 e 4
FREAISEPE A 2 . sTREM-1 4 By BOR B4 %
w5 HHIKOF SR B OB T TREM- 138 i 1) 30
FEEE™ . TREM-1 g5 TLR4 55 32 (A Hh ], 4 K b ik
R H 4 PR R DAMPs fil & B RAE (S 5, 77 A RE
RS S A

AT 5T 22 [H 2 logistic [B1 U543 B S, BV 8 4%
T BRI AR | UWE KT B AL B 9 E AR A A
TRZ4 & , mtDNA Fll sTREM- 1 4J5 8K 52 Fil J5 A B Ao gt
SEAERE P E o mtDNA Sz B () 2 B0 A A TG 7 58 49
PER FEEE R H AR , STREM-1 52 Bl () J2: 1k B
PTG EL T RE AR I T RES o TEMEERRE ST, ZI0itF
ST CIESL M3 mtDNA F1 sTREM-1 232 W FIF5 5 0 e
P EEEEFE AR > TENE R S, A B9 R B R v
FBE MK miDNA KV 500 148 I A IE A E . AT
FE4E 5 DAMPs SR S8 PE RE A9 BIS AT , I 4R
FREE 0 4L 245405 th TT BE 4 R 2 — AR 19 98 E IR
E e S/ DER i< R 1B/ G B P R 2o 75

7, K mtDNA 1 sTREM-1 7] % BhiR 9 & e & 5
SRR KU () SR, 48 S R T B PR g
FlilL iz F A5 . 41 % miDNA B TREM-1 3 g% 19 1
TSt , AR W] BB R oA oK 8 i) DFU 33 B AR A 57 24
S 0L BT R

AR R B ORERPERESE , FEAS AR XA
BR, L SRR LIS 2 2o vt L ROBE AR (14 i S 1 AF 5
WL BE . B W EARIRT R VESRRA R
A 995 it B AN SIS 5 2 A AR AT RE R IR e P R
SAE KRNG5 A= 520, I S0 5% 5 2% i 26 ]
RIUEATH S R . AR RT3 A
K REVEAS B E KIS 1600, J5 S2ifF 58 n g A7 i
W BE DS

ZE LR ARS8 R 12K mtDNA Fl sTREM-1
JKF-5 DFU Il ™ 5 B RIS S8 S RE T b a8 U A
Ko Z P logistic 171153 53 Hr i — 25 378, 55 11
mtDNA F1sTREM-1 7K R B J2 5 el 8 25 1 f A i ST
fERG R E . X% BN EEAR DFU (A5 PR AL B fe 4
HETH AL AR, mDNA Fl sSTREM-1 4 245 Jy PE 4
DFU 5 16 M5 B = 2 48 b5 o SR, LA U0 9 1 R
AN (ELAT 5 38 3 5 KRR A L 2 ol I BF 5 o —
HIE
Rl &

S 3k
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