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Objective: To explore the correlation between the expression of miR-34c in peripheral 
blood of patients with type 2 diabetes mellitus (T2DM) and the onset of diabetic foot ulcer 
(DFU) and diabetic foot osteomyelitis (DFO).
Methods: Sixty newly diagnosed patients with T2DM without DFU (T2DM group), 112 
T2DM patients with DFU (DFU group) and 60 controls with normal glucose tolerance (NC 
group). The DFU group patients were subdivided into DFO (n=64) and NDFO (n=48) 
groups. Quantitative real-time PCR (qRT-PCR) method was used to determine miR-34c 
expression levels in the peripheral blood of subjects to analyze the clinical characteristics 
of DFU and DFO risk factors.
Results: MiR-34c expression level in the T2DM group was marked higher than the NC group 
[2.99 (1.45–6.22) vs 1.01 (0.89–1.52)] (P < 0.05). However, the expression level of miR-34c in 
the DFU group was significantly higher than the T2DM group [9.65 (6.15–18.63) vs 2.99 (1.45– 
6.22)] (P < 0.01). Compared with the NDFO group, the expression level of miR-34c in the DFO 
group was also obviously increased [13.46 (8.89–19.11) vs 6.02 (5.93–14.72)] (P < 0.01). The 
expression level of miR-34c in DFU patients was positively correlated with the amputation rate 
of foot ulcers (P=0.030) and was negatively correlated with the healing rate of foot ulcers after 
eight weeks (P=0.025). Multifactorial logistic regression analysis showed that increased expres-
sion of miR-34c was an independent risk factor for DFU and DFO (ORDFU=3.47, ORDFO=4.25, 
P < 0.01). Meanwhile, the ROC curve analysis indicated that the AUC of miR-34c for the 
diagnosis of DFU and DFO was 0.803 and 0.904, the optimum sensitivity being was 100% and 
98.7%, the optimum specificity was 98.4% and 98.4%, respectively.
Conclusion: The increased expression of miR-34c in peripheral blood of T2DM patients is 
closely related to the occurrence, development and prognosis of DFU and DFO.
Keywords: type 2 diabetes, diabetic foot, diabetic foot osteomyelitis, miRNAs

Introduction
Diabetic foot (DF) is one of the common serious chronic complications of diabetes 
mellitus (DM).1 Diabetic foot ulcer (DFU) is the most common manifestation of 
DF. Co-infection can make the wound difficult to heal, and then progress to diabetic 
foot osteomyelitis (DFO), leading to increased mortality, decreased quality of life, 
and increased risk of lower limb amputation.2

MicroRNAs (miRNAs) are a type of endogenous non-coding small RNAs with 
a length of about 18–25 nucleotides. They regulate gene expression by specifically 
binding to the 3ʹUTR region of downstream target mRNAs.3 A body of studies have 
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found that the abnormal expression of miRNAs is asso-
ciated with the occurrence and development of many dis-
eases, including the healing of diabetic foot ulcers and the 
regulation of bone formation.4,5 MiR-34c is a member of 
the miR-34 family and has been extensively explored in 
tumor formation,6 renal fibrosis,7 Alzheimer’s disease,8 

and so forth. Recent studies have shown9 that miR-34c 
can aggravate chronic wound inflammation, inhibit the 
proliferation and migration of keratinocytes, promote 
their apoptosis, and hinder the re-epithelialization of 
wounds. In addition, some studies have also found that 
miR-34c can participate in the differentiation of osteo-
blasts and osteoclasts and the process of bone 
formation.10,11 Apart from that, the increased expression 
of miR-34c in osteoblasts can lead to increased bone 
loss.12 Nowadays, there are few reports about the clinical 
research on the relationship between miR-34c and the 
incidence of DFU and DFO. Therefore, we are designed 
to explain the changes in the miR-34c expression level in 
the peripheral blood of DFU and DFO patients and their 
relationship with DFU and the onset and treatment out-
come of DFO.

Object and Methods
Research Subjects
The subjects were from studies we reported previously.13 

Briefly, a total of 112 patients with type 2 diabetes 
(T2DM) and DFU were included from January 2018 to 
December 2019. The course of the patient’s foot ulcer is 
≥4 weeks, the ulcer area is within 2–20 cm2 and Wagner’s 
classification is II–IV. Diagnose DFU with osteomyelitis 
based on medical history, physical signs (especially probe 
examination), and imaging examination results (X-ray or 
MRI). Based on this, 112 patients with DFU were labeled 
into two groups: osteomyelitis group (DFO group, n=64) 
and non-osteomyelitis group (NDFO group, n=48).

The diabetic group (T2DM group, n=60) had no DFU, 
and diabetic lower extremity arteriosclerosis or diabetic 
peripheral neuropathy. Besides, another 60 healthy indivi-
duals who underwent physical examination at the health 
management center of our hospital were selected as the 
normal control group (NC group). Subjects in the NC 
group was received 75g oral glucose tolerance test. 
Normally, a normal test result requires fasting blood glu-
cose (FPG) level is lower than 6.1 mmol/L, and the blood 
glucose level 2 hours after the glucose load is lower than 
7.8 mmol/L. Significantly, exclusion criteria for the 

patients were with severe heart, liver, and kidney dysfunc-
tion, non-cancerous ulcer wounds, autoimmune diseases, 
and severe sepsis. This study was approved by the Medical 
Ethics Committee of the First Affiliated Hospital of Anhui 
Medical University. Meanwhile, this study was obtained 
from the informed consent of the subjects.

Research Methods
Treatment of Diabetic Foot Ulcer
As described by previous study,14 all DFU patients were 
given routine systemic treatment, including anti-infection 
treatment, antihypertensive treatment, hypoglycemic treat-
ment, correction of hypoproteinemia, neuroprotection 
treatment, and improvement of blood supply to lower 
limb wounds, and so on. At the stage of debridement and 
removing blackened necrotic soft tissue and bone tissue in 
DFU patients, decompression and negative pressure 
wound treatment can be given according to the specific 
situation of DFU patients. At the same time of treatment, 
the changes in the wound condition of DFU patients 
should be followed up. For example, after consultation 
with the diabetic foot multidisciplinary team, it is decided 
whether to amputation treatment, and the wound healing 
of DFU patients is recorded after 8 weeks of treat-
ment, etc.

Detection of Observation Indicators
After all subjects were fasted for 10 hours, the venous 
blood was drawn from the elbow into the anticoagulant 
tube (sodium fluoride/EDTA/heparin) or non-anticoagulant 
tube in the fasted state from 8:00 to 8:30 AM, and differ-
ent anticoagulants were selected according to the test 
items. The obtained venous blood samples were used to 
measure blood glucose, blood lipids, glycosylated hemo-
globin (HbA1c), white blood cell (WBC) count, C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), miR- 
34c, and other indicators. The blood glucose and lipid 
levels were measured by an automatic biochemical analy-
zer (MODULE P800, Roche, Switzerland). Fasting blood 
glucose (FPG) was measured by the glucose oxidase 
method. Total cholesterol (TCH), triglycerides (TG), high- 
density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C) were detected by oxidase- 
linked colorimetry. In addition, glycosylated hemoglobin 
(HbA1c) could be measured by high performance liquid 
chromatography. C-reactive protein (CRP) was determined 
by the latex-enhanced scattering immunoturbidimetric 
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method. Erythrocyte Sedimentation Rate (ESR) was mea-
sured by Weigeldahl method.

The area of wound ulcer was measured using digital 
photography combined with Image J analysis software 
(Image j-ij133-jdk15, USA National Institutes of Health). 
And then the ankle-brachial index (ABI) was measured by 
a Doppler blood flow detector (DPL-03, Hangzhou 
Yuanxiang Medical Equipment Co., Ltd, China). Peripheral 
vascular disease (PAD) was diagnosed when ABI was less 
than 0.9. The percutaneous oxygen partial pressure around 
ulcers (TcPO2) was determined by a percutaneous oxygen 
partial pressure detector (TCM 400, Denmark). The mea-
sured site should avoid bone protrusion, edema, infection and 
areas with large blood vessels on the surface, as well as 
plantar callose. Quantitative real-time PCR (qRT-PCR) was 
used to determine the expression of miR-34c in peripheral 
venous blood. More details, 2 mL of venous blood was 
collected into an EDTA anticoagulant tube. The obtained 
plasma was transferred into a 1.5 mL EP tube without ribo-
nuclease (RNase) and stored at −80 °C in a freezer after 
centrifugation. Finally, the peripheral plasma RNA was 
extracted following the manufacturer’s instructions of 
miRcute miRNA extraction and isolation kits (Tiangen 
Biochemical Technology Co., Ltd., Beijing, China).

As we known, the concentration and purity of RNA 
were determined by ultra-micro ultraviolet spectrophoto-
metry. Moreover, the cDNA was synthesized according to 
the instructions of using the miRcute miRNA first-strand 
cDNA synthesis kit (Tiangen Biochemical Technology 
Co., Ltd., Beijing, China). Further, follow the instructions 
of the miRcute miRNA fluorescence quantitative detection 
kit to perform real-time quantitative PCR.

MiR-34c primer sequence: forward, 5ʹ-CGCGTA 
CATAGTCCTGCCTCTTTGCTGGGGAAA-3′; reverse, 
5ʹ- GTACGCGCCCATGTTGCAAAGGGAAATAATCCA- 
3′; U6 primer sequence: forward, 5ʹ-GCTTCGGC 
AGCACATATACTAAAA-3ʹ; reverse, 5ʹ-CGCTTCACGAA 
TTTGCCTGTCAT-3ʹ. The set reaction conditions are as 
follows: a total of 42 cycles comprised pre-denaturation, 95 
°C for 2 min; denaturation, 95 °C for 10 s; annealing, 58 °C 
for 20 s; extension, 72 °C for 10 s. U6 was used as an internal 
reference. The relative expression of miR-34c was calculated 
by the 2−ΔΔCt method. Each experiment was repeated 3 times 
independently, and the results were averaged.

Statistical Analysis
Statistical software SPSS22.0 (Chicago, IL, USA) was 
used for data analysis. Specifically, normal measurement 

data is expressed by mean ± standard deviation, and non- 
normal measurement data is expressed by median (inter-
quartile range) [M(P 25, P75)]. In this study, the two 
groups used the Student’s t-test, and the comparison 
between multiple groups used the analysis of variance 
test. In order to further compare the LSD t-test was used. 
The count data was expressed as a percentage, and the χ2 

test was performed. Spearman correlation analysis was 
used to evaluate the correlation between the expression 
of miR-34c and other clinical variables. Multivariate 
unconditional logistic regression was used to understand 
whether miR-34c is an independent risk factor for DFU 
and DFO. P values less than 0.05 were considered statis-
tically significant, and all hypothesis tests were two-sided.

Results
Comparisons of Clinical Parameters of 
NC Group, T2DM Group, DFU Group
The differences in gender composition, age, SBP, DBP, 
TCH, and LDL-C levels among the NC group, T2DM 
group and DFU group were not statistically significant 
(P > 0.05). On the one hand, compared with the NC 
group, the expression levels of FPG, HbA1c, TG, and 
miR-34c in the T2DM group and the DFU group were 
significantly higher (P < 0.01). Otherwise, the HDL-C 
level was vitally decreased (P < 0.01). On the other 
hand, compared with the T2DM group, the duration of 
diabetes, smoking proportion, FPG, HbA1c, CRP, ESR, 
WBC count, and miR-34c expression level significantly 
increased in the DFU group (P < 0.05), while the TcPO2 
and ABI levels significantly decreased (P < 0.01). From 
the analysis above, there were no significant differences in 
SBP, DBP, TG, TCH, LDL-C, and HDL-C levels between 
the T2DM group and the DFU group (P > 0.05) (Table 1).

Comparisons of Clinical Parameters 
Between NDFO Group and DFO Group
There were no significant differences between the NDFO 
group and the DFO group in terms of gender composi-
tion, age, DBP, TG, TCH, LDL-C, HDL-C levels, ulcer 
area, and proportion of PAD (P > 0.05). Compared with 
the NDFO group, the course of diabetes, foot ulcers 
duration, Wagner grade, proportion of drug-resistant bac-
teria infection, SBP, FPG, HbA1c, CRP, ESR levels, 
WBC count and miR-34c expression levels were drama-
tically raised in the DFO group. However, TcPO2 and 
ABI levels were obviously dropped (P < 0.05) (Table 2).
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Relationship Between miR-34c 
Expression Level in Peripheral Blood and 
the Clinical Features of Diabetic Foot 
Ulcers
In order to further study the clinical significance of 
changes in the expression level of miR-34c, we could 
use the median expression level of miR-34c in the periph-
eral blood of DFU patients as the dividing point of the 
group, and furthermore, the low-expression group (lower 
than the cut-off point) and high-expression group (higher 
than or equal to the cut-off point). Based on the compar-
ison of the clinical characteristics of the two groups of 
ulcers, the expression level of miR-34c was negatively 
correlated with the healing rate of foot ulcers after 8 
weeks (P=0.025) but positively correlated with the course 
of foot ulcers (P=0.027). Research data also showed the 
amputation rate of foot ulcers (P=0.030). This proves that 
there is no correlation between the expression level of 
miR-34c and other clinical features of foot ulcers 
(Table 3).

Correlations Between Peripheral Blood 
miR-34c Expression Level and Other 
Clinical Parameters
In the T2DM group, the expression of peripheral blood 
miR-34c was positively correlated with FPG and HbA1c 
levels (P < 0.05), but there was no significant correlation 
with other indicators (P > 0.05) as well as NC group, 
because no significant correlation was observed between 
the expression of peripheral blood miR-34c and other 
clinical parameters either (P > 0.05) (Table 4). On the 
contrary, in the NDFO group, the expression of peripheral 
blood miR-34c was positively correlated with ulcer dura-
tion, CRP, white blood cell count, and ESR (P < 0.05). But 
there was no closed correlation with other indicators (P > 
0.05). As for the DFO group, the expression of peripheral 
blood miR-34c was positively correlated with ulcer dura-
tion, Wagner grade, proportion of drug-resistant infection, 
CRP, WBC counts, and ESR (P < 0.05), but there was no 
obvious relationship with other indicators (P>0.05) 
(Table 5).

Table 1 Comparisons of Clinical Parameters Among NC Group, T2DM Group, and DFU Group [n(%), (�x±s), M (P25, P75)]

Variable NC (n=60) T2DM (n=60) DFU (n=112) P value

Sex 0.202
Male 36 (60.0) 34 (56.7) 60 (53.6)

Female 24 (40.0) 26 (43.3) 52 (46.4)

Age (year) 54.7±10.1 55.1±11.9 54.5±10.6 0.473

Smoking (%) 16 (26.7) 18 (30.0) 59 (52.7)bc 0.001
Duration (year) – 0.3±0.2 11.3±5.2d <0.001

SBP (mmHg) 121±10 126±14 132±15 0.087

DBP (mmHg) 75±13 77±12 82±14 0.062
FPG (mmol/L) 4.8±0.6 9.9±2.5b 11.2±3.8bd <0.001

HbA1c (%) 5.1±0.4 8.3±1.9b 9.1±2.7bc <0.001

TG (mmol/L) 1.4±0.8 1.8±0.8b 1.7±0.9b 0.021
TCH (mmol/L) 4.3±0.8 4.9±0.7 4.6±0.7 0.219

LDL-C (mmol/L) 2.4±0.3 2.8±0.5 2.6±0.5 0.253

HDL-C (mmol/L) 1.3±0.2 1.0±0.3a 0.9±0.5b <0.001
TcPO2 (mmHg) 76.4±7.2 70.5±8.9 48.5±10.2bd <0.001

ABI 1.12±0.16 1.05±0.21 0.84±0.32bc <0.001

CRP (mg/L) 7.2±1.1 9.2±1.2 48.2±19.3bd <0.001
WBC (×109) 4.2±0.8 4.7±0.9 11.2±4.2bd <0.001

ESR (mm/h) 10.2±2.1 12.7±3.1 48.2±19.5bd <0.001

MiR-34c 1.01 (0.89–1.52) 2.99 (1.25–6.22)b 9.65 (4.15–18.63)b <0.001

Notes: Data are presented mean±standard deviations or numbers (%) or median with IQR; differences among three groups analyzed using one-way analysis of variance or x2 

test, and least-significant difference (LSD) analysis was used for comparison between the two groups. Smoking was defined as an average of more than five cigarettes 
every day for 1 year. Versus NC group, aP< 0.05, bP< 0.01; versus T2DM group, cP< 0.05, dP< 0.01. 
Abbreviations: NC, control group; T2DM, type 2 diabetes group; DFU, diabetic foot ulcer group; Duration, course of diabetes mellitus; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin A1c; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle-brachial index; CRP, C-reactive protein; WBC, white blood 
cell; ESR, erythrocyte sedimentation rate; MiR, microRNA.
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Analysis of Risk Factors for a Diabetic 
Foot Ulcer and Diabetic Foot 
Osteomyelitis
In diabetic patients, multifactorial unconditional logistic 
regression analysis was performed with DFU as the 
dependent variable and gender, age, smoking, diabetic 
duration, ulcer duration, Wagner grade, SBP, DBP, FPG, 
HbA1c, TG, TCH, LDL-C, HDL-C, TcPO2, ABI, CRP, 
WBC, ESR, ulcer area, and miR-34c as independent 
variables, respectively. One interesting point has to 
note that the duration of diabetes, HbA1c, TcPO2, 
CRP, and high expression of miR-34c were all indepen-
dent risk factors for DFU (Table 6). Also, in DFU 
patients, multifactorial unconditional logistic regression 

analysis was performed with DFO as the dependent 
variable and gender, age, diabetic duration, ulcer dura-
tion, Wagner grade, drug-resistant infection, SBP, DBP, 
FPG, HbA1c, TG, TCH, LDL-C, HDL-C, TcPO2, ABI, 
CRP, WBC, ESR, ulcer area, and miR-34c as indepen-
dent variables. The final analysis indicated that indepen-
dent risk factors for DFO included ulcer course 
duration, HbA1c, ABI, WBC count, ESR, and high 
expression of miR-34c (Table 7).

Mark Verification
To further explore the potential value of miR-34c in the 
diagnosis of DFU, this trial takes the following steps: We 
will purposefully select 158 subjects (46 cases of T2DM and 

Table 2 Comparisons of Clinical Parameters Between NDFO Group and DFO Group [n(%), (�x±s), M (P25, P75)]

NDFO Group (n=48) DFO Group (n=64) P value

Sex 0.572
Male 26 34

Female 22 30

Age (year) 53.9±11.6 54.8±10.3 0.215

Diabetic duration (year) 10.8±5.7 13.9±6.8a 0.014
Ulcer duration (w) 5.1 (4.0–10.3) 6.7 (4.8–24.2)b 0.003

Wagner grade 0.039
II 14 0

III 28 54
IV 6 10

Drug-resistant infection (%) 20 (41.7) 39 (60.9) 0.043
SBP (mm Hg) 128±12 138±16a 0.018

DBP (mm Hg) 83±14 87±15 0.072

FPG (mmol/L) 10.3±2.8 12.6±3.6a 0.035
HbA1c (%) 8.8±2.2 9.3±3.1a 0.028

TG (mmol/L) 1.7±0.8 1.8±0.9 0.503

TCH (mmol/L) 4.7±0.8 4.5±0.7 0.492
LDL-C (mmol/L) 2.8±0.7 2.6±0.8 0.488

HDL-C (mmol/L) 1.0±0.2 0.9±0.3 0.571

TcPO2 (mm Hg) 56.9±8.9 38.4±10.5a 0.016
ABI 0.86±0.31 0.77±0.24a 0.031

PAD (%) 26 (54.2) 40 (62.5) 0.375

CRP (mg/dl) 32.2±15.7 63.2±20.6b <0.001
WBC (×109) 10.1±3.7 13.4±4.8b 0.002

ESR (mm/h) 38.9±16.4 70.8±21.1b <0.001

Ulcer area (cm2) 10.3±3.4 9.3±3.6 0.276
MiR-34c 6.02 (5.93–14.72) 13.46 (8.89–19.11)b <0.001

Notes: Data are presented mean±standard deviations or numbers (%) or median with IQR; differences between two groups analyzed using t-test or x2 test. The data of 
drug-resistant infection were derived from the microbial drug sensitivity results of DFO group and NDFO group versus the NDFO group, aP<0.05, bP<0.01. 
Abbreviations: NDFO, diabetic foot ulcer without osteomyelitis; DFO, diabetic foot osteomyelitis; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting 
plasma glucose; HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle brachial index; PAD, peripheral vascular disease; CRP, C-reactive protein; WBC, white blood cell; ESR, 
erythrocyte sedimentation rate; MiR, MicroRNA.
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112 cases of DFU), and doctors will measure them during the 
experiment. The patient’s peripheral blood miR-34c was 
expressed, and the ROC curve was determined to evaluate 
the sensitivity and specificity of miR-34c in diagnosing DFU. 
The results showed that the AUC of miR-34c for diagnosing 
DFU was 0.803 (95% CI, 0.618–0.879, P < 0.001), the best 
cut-off point of miR-34c was 2.11, the sensitivity was 100%, 
and the specificity was 98.4% (Figure 1A). Similarly, to 
explore the potential value of miR-34c in the diagnosis of 
DFO, we also selected 112 subjects (48 cases of non-DFO 
and 64 cases of DFO) with the purpose, and used ROC curve 
to evaluate the sensitivity and specificity of miR-34c expres-
sion level in diagnosing DFO. Based on experimental inves-
tigation, we found that the AUC of miR-34c in the diagnosis 
of DFO was 0.904 (95% CI, 0.852–0.955, P < 0.001), and the 
obtained sensitivity and specificity were 98.7% and 98.4% 

with the optimal cut-off point of miR-34c being 5.95 
(Figure 1B).

Discussion
Based on the above research, it is easy to find that the 
miR-34c expression level in peripheral blood of newly 
diagnosed T2DM patients is significantly higher than that 
of people with normal glucose tolerance. In addition, miR- 
34c level in DFU patients was also significantly higher 
than that of patients without DFU. But it has to be said on 
condition that the foot ulcer infection progresses to dia-
betic foot osteomyelitis, the expression level of miR-34c 
will sharp increase as well. Therefore, the reason is that 
the high miR-34c expression is an independent risk factor 
for DFU and DFO. This can easily enhance the expression 
level of miR-34c in peripheral blood of T2DM patients 
and the healing rate of foot ulcers and the rate of amputa-
tion. DFU with high expression of miR-34c has a lower 
healing rate and a higher risk of amputation, indicating 
that the high expression of miR-34c is not only a strong 

Table 3 Relationship Between the Expression Levels of miR-34c 
in Peripheral Blood and the Clinical Features of DFU Patients 
[(�x±s), n (%)]

High Expression 
Group (n=46)

Low Expression 
Group (n=66)

P value

Age (y) 54.4±11.7 55.2±10.4 0.302

Sex 0.804

Male 24 (52.2) 36 (54.5)

Female 22 (47.8) 30 (45.5)

Ulcer area (cm2) 0.119

≤5 5 (10.9) 12 (18.2)

5~10 26 (56.5) 43 (65.1)

>10 15 (32.6) 11 (16.7)

Ulcer duration (w) 0.027

≤6 8 (17.4) 18 (27.3)

6~10 23 (50.0) 40 (60.6)

>10 15 (32.6) 8 (12.1)

Wagner grade 0.168

II 5 (10.9) 9 (13.6)

III 31 (67.4) 51 (77.3)

IV 10 (21.7) 6 (9.1)

Ulcer healing rate 

after 8 weeks (%)

0.025

Healing 18 (39.1) 40 (60.6)

Non-healing 28 (60.9) 26 (39.4)

Amputation rate (%) 0.030

Amputation 10 (21.7) 5 (7.6)

Non-amputation 36 (78.3) 61 (92.4)

Notes: Data are presented mean±standard deviations or numbers (%); differences 
between two groups analyzed using t-test or x2 test. The cut-off point of miR-34c 
expression level for grouping was 9.65.

Table 4 Correlations Between miR-34c Expression Levels and 
Other Clinical Parameters in NC Group and T2DM Group (r)

Variables T2DM (n =60) NC (n =60)

r P value r P value

Age 0.003 0.983 0.036 0.482
Sex −0.017 0.843 0.112 0.146

Diabetic duration 0.069 0.502 – –

Smoking 0.086 0.473 0.063 0.539
SBP 0.102 0.216 0.103 0.169

DBP 0.091 0.791 0.018 0.683

FPG 0.198 0.041 0.078 0.341
HbA1c 0.187 0.048 0.066 0.435

TG 0.091 0.295 −0.011 0.788

TCH −0.020 0.822 −0.026 0.647
LDL-C 0.005 0.957 0.052 0.522

HDL-C −0.046 0.652 −0.072 0.353

TcPO2 −0.085 0.397 −0.009 0.652
ABI −0.105 0.198 0.156 0.104

CRP 0.023 0.802 0.082 0.328

WBC 0.078 0.421 −0.008 0.827
ESR 0.102 0.203 −0.098 0.275

Abbreviations: NC, control group; T2DM, type 2 diabetes group; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, 
glycated hemoglobin A1c; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low- 
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
TcPO2, transcutaneous oxygen pressure; ABI, ankle brachial index; CRP, 
C-reactive protein; WBC, white blood cell; ESR, erythrocyte sedimentation rate; 
MiR, MicroRNA.
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risk factor for the onset of DFU and DFO but also as 
a potential biomarker for the prognosis of DFU and DFO 
treatment. To our knowledge, this is the first study to 
investigate the relationship between changes in miR-34c 
expression and the pathogenesis and treatment outcomes 
of DFU and DFO in patients with T2DM.

In the present study, peripheral blood miR-34c levels 
were notably enhanced in patients with T2DM compared 
with control individuals with normal glucose tolerance. 
Correlation analysis showed that in T2DM patients, miR- 
34c expression was correlated with FPG and HbA1c 
positively.15 Animal studies have also found that high 
miR-34c expression facilitated visceral fat accumulation 
in cU2 transgen, caused insulin resistance, and impaired 
glucose tolerance. Though miR-34a and miR-34c are 
homologues of the miR-34 family. Kong et al16 discovered 
that peripheral serum miR-34a levels were more remark-
ably improved than those of prediabetes and normal 

glucose tolerance people in newly diagnosed T2DM 
patients. Therefore, these findings support our research 
hypothesises. However, some studies have also found 
that the expression of miR-34c in peripheral blood mono-
nuclear cells of T2DM patients is sharply reduced, and low 
expression of miR-34c is a non-negligible risk factor for 
T2DM.17 This result is inconsistent with the results of this 

Table 5 Correlations Between miR-34c Expression Levels and 
Other Clinical Parameters in the NDFO Group and DFO Group

Variables NDFO (n =48) DFO (n =64)

r P value r P value

Age 0.018 0.783 0.064 0.574
Sex 0.043 0.617 0.102 0.328

Diabetic duration 0.163 0.102 0.178 0.085

Ulcer duration 0.193 0.041 0.193 0.041
Wagner grade 0.111 0.182 0.335 0.004

Drug-resistant infection 0.174 0.084 0.265 0.017

SBP 0.183 0.072 0.084 0.298
DBP 0.084 0.524 0.076 0.603

FPG 0.166 0.098 0.171 0.082

HbA1c 0.187 0.063 0.165 0.107
TG 0.014 0.826 0.068 0.546

TCH 0.068 0.719 −0.082 0.658

LDL-C 0.096 0.428 0.122 0.239
HDL-C −0.134 0.158 −0.167 0.141

TcPO2 −0.098 0.787 −0.173 0.087

ABI −0.117 0.179 −0.155 0.114
CRP 0.197 0.039 0.302 0.005

WBC 0.264 0.019 0.297 0.011

ESR 0.391 <0.001 0.352 0.002
Ulcer area 0.183 0.059 0.191 0.055

Notes: The data of drug-resistant infection were derived from the microbial drug 
sensitivity results of DFO group and NDFO group. 
Abbreviations: NDFO, diabetic foot ulcer without osteomyelitis; DFO, diabetic 
foot osteomyelitis; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, 
fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle bra-
chial index; CRP, C-reactive protein; WBC, white blood cell; ESR, erythrocyte 
sedimentation rate; MiR, MicroRNA.

Table 6 The Multiple Logistic Regression Analysis of Risk 
Factors for Diabetic Foot Ulcers

Variable β SE Wald OR 95% CI P value

Diabetic 

duration (y)

0.67 0.37 11.12 5.12 1.19~13.76 <0.001

HbA1c (%) 0.43 0.41 3.04 1.29 1.03~9.12 0.031

TcPO2 
(mmHg)

0.55 0.35 4.78 1.76 1.18~10.13 0.013

CRP (mg/L) 0.36 0.33 2.82 1.13 1.03~9.71 0.043

miR-34c 0.74 0.41 7.43 3.47 1.18~12.96 0.001

Notes: Multivariate unconditional logistic regression analysis adjusted for sex, age, 
smoking, diabetic duration, ulcer duration, Wagner grade, SBP, DBP, FPG, HbA1c, 
TG, TCH, LDL-C, HDL-C, TcPO2, ABI, CRP, WBC count, ESR, ulcer area, miR- 
34c. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, 
fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle bra-
chial index; CRP, C-reactive protein; WBC, white blood cell; ESR, erythrocyte 
sedimentation rate; MiR, MicroRNA.

Table 7 The Multiple Logistic Regression Analysis of Risk 
Factors for Diabetic Foot Osteomyelitis

Variable β SE Wald OR 95% CI P value

Ulcer duration (w) 0.85 0.38 9.12 3.24 1.13~10.45 0.001

HbA1c (%) 0.62 0.35 6.26 2.09 1.18~8.35 0.016

ABI 0.43 0.26 3.29 1.29 1.03~9.12 0.032

WBC count 

(×109)

0.37 0.34 3.15 1.21 1.22~11.98 0.042

ESR (mm/h) 0.51 0.32 4.02 2.01 1.11~10.78 0.007

miR-34c 0.76 0.26 6.28 4.25 1.16~13.22 <0.001

Notes: Multivariate unconditional logistic regression analysis adjusted for sex, age, 
diabetic duration, ulcer duration, Wagner grade, SBP, DBP, FPG, HbA1c, TG, TCH, 
LDL-C, HDL-C, TcPO2, ABI, CRP, WBC, ESR, ulcer area, and miR-34c. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, 
fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TG, triacylglycerol; TCH, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TcPO2, transcutaneous oxygen pressure; ABI, ankle bra-
chial index; CRP, C-reactive protein; WBC, white blood cell; ESR, erythrocyte 
sedimentation rate; MiR, MicroRNA.
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study. We speculate that the reason is different from the 
selected research object and the source of measured miR- 
34c expression. Many researches have also been demon-
strated that wound inflammation is a key factor affecting 
circulation miRNA expression.18 Several studies support-
ing our findings revealed that miR-34c expression can be 
significantly upregulated in patients with a pathogen infec-
tion state.19,20

In this study, the duration of the foot ulcer in the DFU 
group was at least 4 weeks, which was a chronic, difficult-to 
-heal wound. The clinical features include a long history of 
diabetes, poor long-term blood sugar control, high propor-
tion of smoking, combined with varying degrees of abnor-
mal lipid metabolism, peripheral vascular disease, and 
infectious inflammation. Multivariate regression analysis 
showed that the course of diabetes, HbA1c, TcPO2, and 
CRP were independent factors influencing the occurrence 
of foot ulcers, which were consistent with previous research 
results.21–23 However, in this study, we did not find that 
smoking is an independent factor affecting the incidence of 
DFU, which is inconsistent with previous studies.24 It is 
speculated that other factors in this study may have a higher 

impact on the development of DFU than smoking. Further 
analysis found that compared with the T2DM group, the 
peripheral blood miR-34c level of the DFU group was 
observably improved; the miR-34c expression level was 
positively correlated with the course of ulcer, and nega-
tively correlated with the ulcer healing rate after 8 weeks. 
Multivariate regression analysis showed that highly 
expressed miR-34c is an independent risk factor for foot 
ulcers. It is suggested that miR-34c may be involved in the 
occurrence of diabetic foot ulcers and can be used as 
a marker for the prognosis of DFU. At present, it is gen-
erally believed that the persistent and excessive inflamma-
tory state in the wound and the impaired function of 
keratinocytes in the epidermis are important influencing 
factors that make DFU difficult to heal.25 Wu et al9 reported 
that the expression of miR-34c increases significantly in 
keratinocytes at the margins of venous ulcer wounds. For 
one thing, it induces the secretion of a large number of pro- 
inflammatory cytokines and chemical factors, resulting in 
excessive neutrophils and giant cells. The continuous accu-
mulation of phages will aggravate the inflammation of 
chronic wounds, which is not conducive to the elimination 
of infection. For another, the up-regulation of miR-34c 

Figure 1 The biomarker potential of circulating miR-34c for DFU, DFO, and control. ROC analysis was used to evaluate the ability of circulating miR-34c to distinguish 
between different groups. (A) MiR-34c distinguished DFU patients from controls with area under curve (AUC) of 0.803 (95% CI, 0.618–0.879, P<0.001). (B) MiR-34c 
distinguished DFO patients from DFU patients with AUC of 0.904 (95% CI, 0.852–0.955, P<0.001). 
Abbreviations: DFU, diabetic foot ulcer; DFO, diabetic foot osteomyelitis.
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expression can also inhibit the proliferation and migration 
of keratinocytes and promote their apoptosis.

Further analysis found that compared with simple foot 
ulcers, patients with foot ulcers combined with osteomye-
litis had a longer duration of diabetes and foot ulcers, 
a higher Wagner grade of foot ulcers, poorer glycaemic 
control status, as well as worse limb blood supply status, 
and more severe infection along with higher proportion of 
drug-resistant infection. Multivariate regression analysis 
showed that the courses of foot ulcer, HbA1c, ABI, WBC 
count, and ESR are all independent factors influencing 
the occurrence of foot ulcer with osteomyelitis, which is 
consistent with previous research results.26–28 It should 
be noted that in this study, we did not find that drug- 
resistant infection is an independent factor affecting the 
onset of DFO, which is inconsistent with previous 
studies.29 Presumably, other factors in this study may be 
more influential than the drug-resistant infection on the 
development of DFO. More details, further analysis illu-
strated that the peripheral blood miR-34c level in the 
DFO group was further increased compared with patients 
in the NDFO group; the expression level of miR-34c was 
extremely correlated with the amputation rate of foot 
ulcers. Multivariate regression analysis showed that high 
expression of miR-34c is an independent risk factor for 
foot ulcers with osteomyelitis. Meanwhile, it suggestted 
that miR-34c might be involved in the occurrence of DFO 
and can be used as a marker for the risk of DFO amputa-
tion. DFO is mostly chronic osteomyelitis, bone destruc-
tion and dead bone formation due to infection. Therefore, 
the differentiation characteristics of osteoblasts and their 
osteogenic capacity are crucial for the repair of bone 
injury and can directly affect the clinical outcome of 
osteomyelitis.30 Numerous studies have confirmed that 
miR-34c plays a vital role in the regulation of bone 
metabolism.11,31,32 In animal studies,33 increased miR- 
34c expression in osteoblasts resulted in reduced osteo-
genesis capacity and age-related osteoporosis in mice. In 
vitro experiments12 found that lipopolysaccharide (LPS) 
could significantly upregulate the expression of miR-34c 
in osteoblasts and promote bone resorption. In contrast, 
Icariin could restore LPS-induced bone loss by down- 
regulating miR-34c expression levels.

It turned out that the expression level of miR-34c in 
peripheral blood could be used as a biomarker for the 
prediction and diagnosis of Alzheimer’s disease8,34 as 
well as for vulnerability to T2DM and insulin resistance 
secondary to stress reaction.17 Beyond that, according to 

the results of ROC curve analysis, we also pointed that 
the expression level of miR-34c in peripheral blood of 
T2DM patients could serve as a potential biomarker for 
the prediction of DFU and DFO. What is more, we also 
discovered that the expression level of miR-34c was 
positive correlation with the course of DFU and amputa-
tion rate. On the contrary, it also represents negative 
correlation with the healing rate of DFU after eight 
weeks. Hence, the forementioned results illustrate the 
functionality of expression level of miR-34c in periph-
eral blood for the diagnosis and prognosis of DFU and 
DFO. Nonetheless, further studies are needed to identify 
the reasons for the increased expression of miR-34c in 
peripheral blood of patients with DFU and DFO.

In conclusion, this study found that the increased 
level of miR-34c expression in peripheral blood of type 
2 diabetes patients was closely related to the occurrence, 
development and prognosis of DFU. Yet when it comes 
to the shortcomings of this study, the main shortcoming 
as follows: a single-center study with a small sample 
size, and selection bias. Secondly, this study was unable 
to clarify the causal relationship between miR-34c and 
the development of DFU and DFO. Notably, it was 
reported that genetic polymorphisms are related to the 
risk of DF.35 There need more studies to further confirm 
the cause of increased miR-34c in peripheral blood in 
patients with DFU and DFO in the future to explore the 
mechanism of miR-34c and to assess whether the genetic 
susceptibility between miR-34c and the development of 
DFU and DFO, and miR-34c could act as a new ther-
apeutic target for the treatment of DFO.

Abbreviations
DFO, diabetic foot osteomyelitis; NDFO, diabetic foot 
ulcer without osteomyelitis; AUC, area under the curves; 
ABI, ankle brachial index; FPG, fasting plasma glucose; 
HbA1c, glycated hemoglobin A1c; WBC, white blood 
cell; CRP, C-reactive protein; ESR, erythrocyte sedimenta-
tion rate; TCH, total cholesterol; TG, triacylglycerol; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low- 
density lipoprotein cholesterol; TcPO2, transcutaneous 
oxygen pressure; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure.
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