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Abstract: Objective: To explore the correlation of tumor necrosis factor α (TNF-α), cystatin C (Cys C), and NLR fam-
ily pyrin domain containing 3 (NLRP3) inflammasomes with venous ulcers from lower extremity varicose veins. 
Methods: In this retrospective analysis, 135 patients with primary varicose veins of lower extremities were selected 
and divided into a varicose ulcer group (n=32) and a non-varicose ulcer group (n=103) according to clinical ul-
cer presence. Healthy adults with similar general information during the same period were included as a healthy 
controls (n=30). The levels of TNF-α, interleukin-1β (IL-1β), Cys C, and NLRP3 inflammasomes were statistically 
analyzed among the three groups. Logistic regression was used for analyzing the risk factors for venous ulcers in 
patients with varicose veins of the lower extremities. Spearman correlation was applied for correlation analysis. The 
area under the receiver operating characteristic (ROC) curve (AUC) was found to disclose the predictive value of 
TNF-α, Cys C, and NLRP3 inflammasomes for venous ulcers. Results: (1) Logistic regression analysis showed that 
TNF-α, IL-1β, and NLRP3 inflammasomes were risk factors for venous ulcers in patients with varicose veins of the 
lower extremity, and Cys C in ulcer wound tissue was a protective factor. (2) TNF-α was significantly correlated with 
IL-1β and Cys C in ulcer wound tissue, and NLRP3 in plasma (r=0.256, -0.290, 0.305; P=0.003, 0.001, <0.001). 
IL-1β was significantly correlated with CysC in ulcer wound tissue and plasma (r=-0.251, -0.193; P=0.003, 0.025). 
(3) The AUC, sensitivity, and specificity of TNF-α and NLRP3 inflammasomes for predicting varicose veins were high, 
with AUC of 0.881 and 0.712, sensitivity of 0.875% and 0.875%, and specificity of 0.893% and 0.738%, respec-
tively. Conclusion: TNF-α in plasma, Cys C in ulcer wound tissue and plasma, and NLRP3 inflammasomes in plasma 
were closely related to the occurrence of venous ulcers in patients with varicose veins of the lower and may serve 
as new targets for treatment.
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Introduction

Varicose veins are a common venous disease 
of lower extremities, mostly caused by venous 
valve insufficiency, increased luminal pressure 
and blood regurgitation [1]. The incidence of 
varicose veins is higher in women than in men. 
The main clinical manifestations of this disease 
are pain and swelling of lower limbs, beaded 
veins, earthworm protrusions, and possible 
skin pigmentation. Complications may occur in 
severe cases [2]. Venous ulcers are one of the 
serious late complications of varicose veins of 
lower extremity. They are characterized by per-

sistent and recurrent attacks, with an incidence 
of about 1.5% per year [3]. Venous hyperten-
sion can induce a chronic inflammatory res- 
ponse, promote the entry of white blood cells 
into the dermis, increase the tension of the der-
mis, and raise the iron ion level, which change 
the structure and morphology of macrophages 
and destroy the tissue structure, thus reducing 
the skin’s ability to repair itself and inducing 
ulcers [4]. At present, the main principles of 
clinical treatments for varicose venous ulcers 
are to eliminate venous pressure and promote 
the healing of ulcer wounds. However, the heal-
ing time of an ulcer is relatively long, and the 
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continuous venous pressure and inflammatory 
reaction easily lead to a co-infection, which 
increases the difficulty of treatment and the 
risk of disability. Coleridge et al. [5] proposed 
the theory of leukocyte capture and pointed out 
that venous ulcers on the lower extremity were 
caused by a systemic inflammatory reaction, in 
which blood cells, blood components, and 
blood flow characteristics were involved. Sub- 
sequently, in accordance with many studies, 
the inflammatory reaction was found to be 
related to the occurrence of venous lesions  
and venous ulcers [6]. Tumor necrosis factor α 
(TNF-α) is a major inflammatory cytokine. Cy- 
statin C (Cys C) and its fragments may affect 
the phagocytosis and chemotactic function of 
granulocytes, and it participate in the inflam-
matory process [7]. As a protein complex, the 
NLR family pyrin domain containing 3 (NLRP3) 
inflammasome regulates the synthesis of in- 
flammatory mediators [8]. Therefore, we hypo- 
thesized that TNF-α, Cys C, and NLRP3 inflam-
masome may affect the occurrence of venous 
ulcers on the lower extremities, but there have 
been few relevant studies. For the above rea-
sons, this study analyzed the clinical data of 
patients with primary varicose veins of the 
lower extremity, aiming to explore the correla-
tion of TNF-α, Cys C and NLRP3 inflammasome 
with venous ulcers on the lower extremities, so 
as to provide a reference for further improving 
the prognosis of venous ulcers on the lower 
extremities.

Materials and methods

Patient sources

In this retrospective analysis, 135 patients  
with primary varicose veins of the lower ex- 
tremity treated in the Cardiovascular and 
Cerebrovascular Disease Hospital, General 
Hospital of Ningxia Medical University from 
December 2019 to November 2021 were in- 
cluded. Patients were required to meet the fol-
lowing conditions for inclusion: (1) The diagno-
sis of primary varicose veins of lower extremity 
was confirmed by venography and ultrasound 
Doppler examination [9]; (2) The disease was 
first diagnosed as unilateral; (3) The patients 
were 18 years old or older; (4) No lower extrem-
ity soft tissue trauma and fracture occurred 
during the same period. Patients were excluded 
if they had (1) a definite history of limb varicose 
veins, (2) other lower extremity diseases such 

as diabetic foot or pressure ulcers, (3) incom-
plete medical records or laboratory examina-
tion data. The diagnostic criteria of venous 
ulcers were based on the Diagnostic criteria  
of lower extremity venous ulcers in Modern 
Wound Repair [10]. The patients were divided 
into a varicose ulcer group (n=32) and a non-
varicose ulcer group (n=103) according to 
whether they were complicated with venous 
ulcers. Healthy adults with similar general in- 
formation during the same period were includ-
ed in a healthy group (n=30). The procedures  
of this research are shown in Figure 1. This 
study was approved by the Ethics Committee  
of the Cardiovascular and Cerebrovascular 
Disease Hospital, General Hospital of Ningxia 
Medical University.

Collecting data

By consulting the electronic medical records of 
patients, clinical data were collected, including: 
(1) general data: sex, age, course of disease, 
injured limb, pain of injured limb, calf swelling, 
wound area, hypertension, diabetes, alanine 
transaminase (ALT), creatinine, total cholester-
ol (TC), blood glucose, and albumin; (2) research 
indicators: TNF-α, interleukin-1β (IL-1β), Cys C, 
and NLRP3 inflammasome.

Determination of relevant indexes

(1) Determination of plasma TNF-α: The level of 
plasma TNF-α was determined by avidin biotin 
complex-enzyme linked immunosorbent assay 
(ELISA) with double antibody sandwich. First, 
anti-human TNF-α mAb was coated on the 
enzyme-labeled plate. Biotinylated anti-human 
TNF-α was added to form an immune complex 
connected to the plate. Next, horseradish per-
oxidase labeled Streptavidin was bound to the 
biotin. Then, the enzyme substrate TMB was 
added to terminate the reaction with sulfuric 
acid, and the absorbance value was measured 
at 450 nm. (2) Determination of Cys C: The level 
of Cys C in wound tissue and plasma was me- 
asured at admission. First, phosphate buffer 
saline (pH 7.4) was added to the venous tissue 
to homogenize the specimens, which were sub-
jected to centrifugation at 3000 r/min for 20 
min. Next, the supernatant was collected and 
reloaded to be tested. Then, the linear regres-
sion equation of the standard curve was plot-
ted according to the mean absorbance (optical 
density) value following the human Cys C ELISA 
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kit instruction and the standard concentration. 
The concentration was calculated according to 
the absorbance value of the sample, and the 
final concentration was the actual measured 
concentration multiplied by the dilution ratio 
[11]. (3) NLRP3 inflammasome: 3 mL of fasting 
venous blood was collected on the day of 
admission and centrifuged for 10 min at 3000 
r/min. The supernatant was isolated and mea-
sured for the levels of NLRP3 inflammasome 
(lot number ab214185, Abcam, UK) and inter-
leukin (IL)-1β (lot number JEB-13503, Nanjing 
Jinyibo Biotechnology Co., LTD.) by ELISA.

Statistical approach

This study applied the SPSS 22.0 for statisti- 
cal analyses. Measured data in line with a nor-
mal distribution were expressed as mean ± 
standard deviation and compared between two 
groups using t-test. Measured data did not con-

among the varicose ulcer group, the non-vari-
cose ulcer group and the healthy group, or 
between the varicose ulcer group and the non-
varicose ulcer group (P>0.05). See Table 1.

Comparison of the research indexes

The levels of TNF-α, IL-1β, Cys C, and NLRP3 
inflammasomes were compared among the 
varicose ulcer group, the non-varicose ulcer 
group and the healthy group, and between the 
varicose ulcer group and the non-varicose ulcer 
group, all P<0.05. See Table 2 and Figure 2.

Logistic regression analysis of risk factors for 
venous ulcers in patients with lower extremity 
varicose veins

With venous ulcer as the dependent variable, 
and TNF-α, IL-1β, Cys C, and NLRP3 inflamma-
some as the independent variables, logistic 

Figure 1. Procedures of this research. Note: TNF-α: tumor necrosis factor 
α, IL-1β: interleukin-1β, Cys C: cystatin C, NLRP3: NLR family pyrin domain 
containing 3.

form to a normal distribution 
were expressed as median 
values (interquartile moments) 
and compared between two 
groups using Mann-Whitney U 
test. F test was used for com-
parisons among three or more 
groups. The enumerated data 
were expressed as percent-
age and compared using the 
Chi-square test. When the 
theoretical frequency was less 
than 1, the exact probability 
method was used for calcula-
tion. Spearman correlation co- 
efficient was used for correla-
tion analysis. Logistic regres-
sion was applied to analyze 
the risk factors for venous 
ulcers in patients with lower 
extremity varicose veins. The 
area under the receiver oper-
ating characteristic (ROC) cu- 
rve (AUC) was used to analyze 
the predictive value of TNF-α, 
Cys C, and NLRP3 inflamma-
some for venous ulcers. Test 
level α=0.05.

Results

Baseline information

There was no significant dif- 
ference in the general data 
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regression analysis was performed. TNF-α, 
IL-1β, and NLRP3 inflammasomes were found 
to be risk factors for venous ulcers in patients 
with lower extremity varicose veins, and Cys C 
in ulcer wound tissue was a protective factor. 
See Table 3.

Correlation analysis among TNF-α, IL-1β, Cys 
C and NLRP3 inflammasome in patients with 
lower extremity varicose veins

TNF-α was significantly correlated with IL-1β 
and Cys C in ulcer wound tissue, and NLRP3  
in plasma (r=0.256, -0.290, 0.305; P=0.003, 
0.001, <0.001). IL-1β was significantly corre-
lated with Cys C in ulcer wound tissue and in 
plasma (r=-0.251, -0.193; P=0.003, 0.025). 
See Figure 3.

ROC curve analysis for predicting venous ulcers 
in patients with lower extremity varicose veins

The AUC, sensitivity, and specificity of TNF-α 
and NLRP3 inflammasome for predicting ve- 
nous ulcers in patients with lower extremity 
varicose veins were high, with AUC of 0.881 
and 0.712, sensitivity of 0.875% and 0.875%, 
specificity of 0.893% and 0.738%, respectively. 
See Table 4 and Figure 4.

Discussion

The incidence of varicose ulcers of the lower 
extremity is increasing year by year, showing 
recurrence and difficulty in treatment. At pres-
ent, medical researchers have not reached a 
consensus on the pathologic mechanism of 

Table 1. Baseline information

General information Varicose ulcer 
group (n=32)

Non-varicose ulcer 
group (n=103)

Healthy group 
(n=30) χ2/t/F P

Sex (n, male/female) 13/19 33/70 11/19 0.869 0.648

Age (
_
x±s, years) 51.26±12.38 50.67±11.64 48.56±14.29 0.439 0.646

Course of disease (
_
x±s, d) 78.52±15.68 75.55±18.92 - 0.806 0.422

Injured limb (n, left side/right side) 14/18 49/54 - 0.143 0.705
Pain of injured limb (n, yes/no) 32/0 98/5 - 2.765 0.096 
Calf swelling (n, yes/no) 26/6 71/32 - 1.832 0.176

Wound area (
_
x±s, cm2) 4.45±1.01 4.32±1.06 - 0.613 0.541

Complicated hypertension (n, yes/no) 7/25 26/77 - 0.150 0.699
Complicated diabetes (n, yes/no) 10/22 21/82 - 1.628 0.020

ALT (
_
x±s, U/L) 34.52±7.58 35.12±9.28 36.03±9.02 0.225 0.798

Creatinine (
_
x±s, mmol/L) 70.08±11.56 73.12±6.62 71.03±9.25 1.983 0.141

TC (
_
x±s, mmol/L) 4.29±1.32 4.81±1.33 4.52±1.42 2.014 0.137

Blood glucose (
_
x±s, mmol/L) 7.76±2.01 7.82±1.71 8.53±1.77 2.041 0.133

Albumin (
_
x±s, g/L) 38.56±5.57 40.03±5.53 38.61±5.12 1.354 0.261

Note: ALT: alanine transaminase, TC: total cholesterol.

Table 2. The research indexes were compared among each group (
_
x±s)

Group TNF-α (pmol/L) IL-1β (pmol/L)
Cys C (mg/L)

NLRP3 inflamma-
some (ng/mL)in the wound  

tissue of the ulcer in plasma

Varicose ulcer group (n=32) 97.50 (80.78)*,# 107.99 (32.89)*,# 1.06±0.35*,# 0.60 (0.22)*,# 14.62 (8.79)*,#

Non-varicose ulcer group (n=103) 47.07 (9.84)* 72.87 (18.11) 1.52±0.33 0.85±0.32 12.62±3.25
Healthy group (n=30) 33.19±6.28 60.22±14.38 1.75±0.36 1.42±0.40 8.13±3.37
F 53.158 30.197 40.580 28.783 31.136
P <0.001 <0.001 <0.001 <0.001 <0.001
Note: *denotes comparison with the healthy group, #denotes comparison with varicose the non-varicose ulcer group, P<0.05. NLRP3: NLR family 
pyrin domain containing 3.
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cules to endothelial cells, 
thereby activating and releas-
ing inflammatory mediators 
and oxygen free radicals and 
destroying the normal process 
of wound healing. Lower ex- 
tremity venous ulcers are a 
result of a systemic inflamma-
tory reaction [13]. In addition, 
venous ulcers on the lower 
extremity can activate mono-
nuclear phagocytes and up-
regulate the level of interleu-
kin inflammatory proteins su- 
ch as IL-1β, leading to persis-
tent wound inflammation and 
granulation tissue regenera-
tion disorder, resulting in de- 
layed or even nonhealing ulcer 
wounds. This suggests that 
excessive inflammatory reac-
tion in the state of lower ex- 
tremity venous hypertension 
may be one of the important 
mechanisms causing wound 
healing disorders of lower ex- 
tremity venous ulcers [14]. 
TNF-α, Cys C, and NLRP3 in- 
flammasomes are all key fac-
tors in an inflammatory res- 
ponse. Therefore, it is neces-
sary to explore the correlation 
of TNF-α, Cys C, and NLRP3 
inflammasomes with venous 
ulcers in patients with lower 
extremity varicose veins.

In the study we found that 
TNF-α, IL-1β, and NLRP3 in- 
flammasomes were risk fac-
tors for venous ulcers in pa- 
tients with lower extremity var-
icose veins, and Cys C in ulcer 
wound tissue was a protective 
factor (P<0.05). These results 
indicated that TNF-α, IL-1β, 
Cys C, and NLRP3 inflamma-
somes were closely related to 
venous ulcers on the lower ex- 

Figure 2. The research indexes were 
compared among each group. Note: 
* indicates comparison of multiple 
groups, P<0.05. The levels of TNF-α, 
IL-1β, Cys C, and NLRP3 inflamma-
some were compared between the 
varicose ulcer group, the non-var-
icose ulcer group, and the healthy 
group, and between the varicose 
ulcer group and the non-varicose 
ulcer group, all P<0.05. Note: 
TNF-α: tumor necrosis factor α, IL-
1β: interleukin-1β, Cys C: cystatin 
C, NLRP3: NLR family pyrin domain 
containing 3.

venous ulcers. Studies have found that an 
inflammatory reaction is key in the occurrence 
and development of venous ulcers [12]. Lower 
extremity venous hypertension promotes the 
adhesion of leukocyte induced adhesion mole-

tremity. Possible reasons are as follows: When 
the venous valves of the lower extremities are 
dysfunctional, venous reflux is accelerated, and 
a large amount of blood pools in the lower legs, 
resulting in blood stasis and high pressure in 
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the venous system of the lower extremities, 
which activates the secretion and release of 
TNF-α and IL-1β by monocytes [15]. TNF-α and 
IL-1β are important inflammatory cytokines for 
the inflammatory response [16]. With the 
increase of TNF-α and IL-1β levels, the inflam-
matory reaction aggravates varicose veins of 
the lower extremities, leading to an increased 
risk of venous ulcers. Cys C is a low molecular 
weight protein, and Cys C and its fragments 
may participate in the inflammatory process by 
affecting the phagocytosis and chemotactic 
function of granulocytes [17]. Previous studies 
found that compared with normal great sa- 
phenous vein, cathepsin L expression was 
enhanced and Cys C expression was decreas- 
ed in smooth muscle cells in the media and 
intima of varicose great saphenous vein [18]. 
Therefore, it is speculated that a low level of 

Cys C in the ulcer wound tissue may induce a 
large number of leukocytes to infiltrate into 
local tissues and release cytokines, which may 
be one of the important reasons for venous 
ulcers. Relevant studies had found that the 
expression of Cys C in patients with postope- 
rative lower extremity chronic venous insuffi-
ciency was significantly increased, and the re- 
currence rate of ulcers in patients with a low 
postoperative Cys C expression was higher 
than that of patients with a high postoperative 
Cys C expression [19]. A low level of Cys C in the 
plasma of patients indicated that the secretion 
of Cys C by endothelial cells was decreased. 
The results showed that leukocytes and plate-
lets were more important in local blood stasis, 
venous congestion was increased, and venous 
hemodynamics of local tissues was impaired. 
The lower the level of Cys C, the more severe 
the venous dysfunction and the higher the  
incidence of venous ulcers. In addition, Cys C 
was negatively correlated with TNF-α and IL-1β. 
An increase of TNF-α and IL-1β levels increases 
the stimulation of an inflammatory reaction in 
local tissues, inhibits the synthesis and secre-
tion of Cys C in ulcer wound tissue, and pro-
motes the chemotaxis of leukocytes, thus cre-
ating favorable conditions for the occurrence  
of venous ulcers [20]. The NLRP3 inflamma-
some, which consists of NLRP3, caspase-1, 
and ASC, is one of the cores of an inflammatory 
response. There are a few reports on its corre-
lation with venous ulcers. A study had shown 
that NLRP3 was significantly correlated with 
disease activity in patients with ulcerative coli-
tis [21]. NLRP3 inflammasome activation under 
the induction of exogenous stimuli (such as 
bacteria and viruses) could induce the produc-
tion of cytokines [22]. Another study found that 
in comparison with the inactive ulcer group and 

Table 3. Logistic regression analysis

Variable B Standard error Wals P OR
95% CI

lower limit upper limit
TNF-α 0.018 0.008 4.947 0.026 1.019 1.002 1.035
IL-1β 0.047 0.013 14.167 <0.001 1.049 1.023 1.075
Cys C
    in the wound tissue of the ulcer -4.608 1.229 14.067 <0.001 0.01 0.001 0.111
    in plasma -1.019 0.705 2.088 0.148 0.361 0.091 1.438
NLRP3 0.274 0.101 7.389 0.007 1.315 1.079 1.602
Note: TNF-α: tumor necrosis factor α, IL-1β: interleukin-1β, Cys C: cystatin C, NLRP3: NLR family pyrin domain containing 3.

Figure 3. Spearman correlation heat map. Note: 
TNF-α: tumor necrosis factor α, IL-1β: interleukin-1β, 
Cys C1: cystatin C in the wound tissue of the ulcer, 
Cys C2: cystatin C in plasma, NLRP3: NLR family 
pyrin domain containing 3. The darker the color, the 
stronger the correlation between the two indicators.
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the traumatic wound group, the expression 
level of NLRP3 in the wound tissue of venous 
ulcers of the lower extremity in patients with an 
active ulcer was higher, and the relative mRNA 
expression levels of caspase-1 and ASC were 
also higher [23]. This suggests that the high-
level TNF-α and IL-1β in the wound tissue of 
patients with lower extremity venous ulcers 
may be related to activation of the NLRP3 
inflammasome. NLRP3 inflammasome is con-
tinuously activated under venous hypertension, 
and the expressions of proinflammatory cyto-
kines are increased, which aggravates the 
inflammatory response, putting the body tis-
sues in a chronic inflammatory state. This pro-
motes the formation of ulcers. It was found in 
this study that the AUC, sensitivity, and spe- 
cificity of TNF-α and NLRP3 inflammasomes  
for predicting venous ulcers in patients with 

lower extremity varicose veins were high, sug-
gesting that they are markers for venous ulcers. 
Although Cys C in ulcer wound tissue was re- 
lated to the occurrence of venous ulcers, the 
prediction efficiency was low. Therefore, it may 
be of more clinical significance to monitor 
TNF-α and NLRP3 inflammasomes in patients 
with lower extremity varicose veins.

Strengths and limitations

This study showed that the levels of TNF-α,  
Cys C, and NLRP3 inflammasome were closely 
related to venous ulcers in lower extremity vari-
cose veins, which may provide new guidance 
for the treatment of venous ulcers. However, 
this study could only determine the relationship 
of TNF-α, Cys C, and NLRP3 inflammasomes 
with venous ulcers of the lower extremity, but  
it failed to determine a causal relationship 
between them. Furthermore, our study was a 
single-center and small-sample study, which 
may affect the results. Future research should 
involve a multi-center large-sample study to 
provide more clinical evidence about venous 
ulcers in patients with lower extremity varicose 
veins.

Conclusions

TNF-α in plasma, Cys C in ulcer wound tissue 
and plasma, and plasma NLRP3 inflamma-
somes are closely related to venous ulcers in 
patients with lower extremity varicose veins. 
They may serve as new targets for treatment.
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Table 4. ROC curve analysis for predicting venous ulcers in patients with lower extremity varicose veins

Variable AUC Standard 
error P

95% CI Cutoff 
value

Sensitivity 
(%)

Specificity 
(%)lower limit upper limit

TNF-α 0.881 0.036 <0.001 0.810 0.953 56.00 0.875 0.893
IL1-β 0.843 0.040 <0.001 0.764 0.923 1.225 0.219 0.223
Cys C in ulcer wound tissue 0.159 0.043 <0.001 0.075 0.244 18.465 0.406 0.961
NLRP3 0.712 0.055 <0.001 0.604 0.819 83.755 0.875 0.738
Note: ROC: receiver operating characteristic, TNF-α: tumor necrosis factor α, IL-1β: interleukin-1β, Cys C: cystatin C, NLRP3: NLR family pyrin 
domain containing 3.

Figure 4. ROC curve analysis of TNF-α, Cys C in ulcer 
wound tissue, and NLRP3 inflammasome in plasma 
for predicting venous ulcers. Note: The AUC, sensi-
tivity, and specificity of TNF-α and NLRP3 inflamma-
some for predicting venous ulcers were high. TNF-α: 
tumor necrosis factor α, IL-1β: interleukin-1β, Cys C: 
cystatin C, NLRP3: NLR family pyrin domain contain-
ing 3.



Predicting venous ulcers from lower-limb varicose veins

1193 Am J Transl Res 2023;15(2):1186-1194

Ningxia Medical University, No. 6 Ning’an East Lane, 
Jinfeng District, Yinchuan 750002, Ningxia, China. 
Tel: +86-0951-6747916; E-mail: chenshan2024@ 
163.com

References

[1] Li C, Fan W, Pan Z, Zheng G, Zhang Q and Rong 
J. Efficacy and safety of Buyang Huanwu de-
coction in the treatment of varicose veins of 
the lower extremities: a protocol of randomized 
controlled trial. Medicine (Baltimore) 2021; 
100: e24663. 

[2] Pihlaja T, Romsi P, Ohtonen P, Jounila J and 
Pokela M. Post-procedural compression vs.  
no compression after radiofrequency ablation 
and concomitant foam sclerotherapy of vari-
cose veins: a randomised controlled non-inferi-
ority trial. Eur J Vasc Endovasc Surg 2020; 59: 
73-80. 

[3] Kelechi TJ, Prentice MA, Mueller M, Madisetti 
M and Vertegel A. A lower leg physical activity 
intervention for individuals with chronic ve-
nous leg ulcers: randomized controlled trial. 
JMIR Mhealth Uhealth 2020; 8: e15015. 

[4] Lim CS, Baruah M and Bahia SS. Diagnosis 
and management of venous leg ulcers. BMJ 
2018; 362: k3115.

[5] Coleridge Smith PD. Deleterious effects of 
white cells in the course of skin damage in  
CVI. Int Angiol 2002; 21 Suppl 1: 26-32. 

[6] Weller CD, Barker A, Darby I, Haines T, Under-
wood M, Ward S, Aldons P, Dapiran E, Madan 
JJ, Loveland P, Sinha S, Vicaretti M, Wolfe R, 
Woodward M and McNeil J. Aspirin in venous 
leg ulcer study (ASPiVLU): study protocol for a 
randomised controlled trial. Trials 2016; 17: 
192.

[7] Potok OA, Ix JH, Shlipak MG, Katz R, Hawfield 
AT, Rocco MV, Ambrosius WT, Cho ME, Pajews-
ki NM, Rastogi A and Rifkin DE. The difference 
between cystatin C- and creatinine-based esti-
mated GFR and associations with frailty and 
adverse outcomes: a cohort analysis of the 
systolic blood pressure intervention trial 
(SPRINT). Am J Kidney Dis 2020; 76: 765-774. 

[8] Kim ER, Kim SR, Cho W, Lee SG, Kim SH, Kim 
JH, Choi E, Kim JH, Yu JW, Lee BW, Kang ES, 
Cha BS, Lee MS, Cho JW, Jeon JY and Lee YH. 
Short term isocaloric ketogenic diet modulates 
NLRP3 inflammasome via B-hydroxybutyrate 
and fibroblast growth factor 21. Front Immunol 
2022; 13: 843520.

[9] Liu Y, Zhao Re, Li X, Wang X, Jiang X and Li S. 
Serum cystatin C: a potential risk factor for mo-
toric cognitive risk syndrome. Chin J Contemp 
Neurol Neurosurg 2022; 22: 507-511.

[10] Kucharzik T, Koletzko S, Kannengiesser K and 
Dignass A. Ulcerative colitis-diagnostic and 

therapeutic algorithms. Dtsch Arztebl Int 
2020; 117: 564-574. 

[11] Beetham KS, Howden EJ, Isbel NM and 
Coombes JS. Agreement between cystatin-C 
and creatinine based eGFR estimates after a 
12-month exercise intervention in patients 
with chronic kidney disease. BMC Nephrol 
2018; 19: 366. 

[12] Fritsch J, Garces L, Quintero MA, Pignac-Kobin-
ger J, Santander AM, Fernández I, Ban YJ, 
Kwon D, Phillips MC, Knight K, Mao Q, San-
taolalla R, Chen XS, Maruthamuthu M, Solis  
N, Damas OM, Kerman DH, Deshpande AR, 
Lewis JE, Chen C and Abreu MT. Low-fat, high-
fiber diet reduces markers of inflammation 
and dysbiosis and improves quality of life in 
patients with ulcerative colitis. Clin Gastroen-
terol Hepatol 2021; 19: 1189-1199, e30. 

[13] Bignamini AA and Matuška J. Sulodexide for 
the symptoms and signs of chronic venous  
disease: a systematic review and meta-analy-
sis. Adv Ther 2020; 37: 1013-1033. 

[14] Liu W, Yu M, Xie D, Wang L, Ye C, Zhu Q, Liu F 
and Yang L. Melatonin-stimulated MSC-derived 
exosomes improve diabetic wound healing 
through regulating macrophage M1 and M2 
polarization by targeting the PTEN/AKT path-
way. Stem Cell Res Ther 2020; 11: 259. 

[15] Silva LG, Albuquerque AV, Pinto FCM, Ferraz-
Carvalho RS, Aguiar JLA and Lins EM. Bacterial 
cellulose an effective material in the treat- 
ment of chronic venous ulcers of the lower 
limbs. J Mater Sci Mater Med 2021; 32: 79. 

[16] Fox JD, Baquerizo-Nole KL, Keegan BR, Mac-
quhae F, Escandon J, Espinosa A, Perez C, Ro-
manelli P and Kirsner RS. Adalimumab treat-
ment leads to reduction of tissue tumor 
necrosis factor-alpha correlated with venous 
leg ulcer improvement: a pilot study. Int Wound 
J 2016; 13: 963-6. 

[17] Chai L, Feng W, Zhai C, Shi W, Wang J, Yan X, 
Wang Q, Zhang Q and Li M. The association be-
tween cystatin C and COPD: a meta-analysis 
and systematic review. BMC Pulm Med 2020; 
20: 182. 

[18] Liao X, Zhu Y and Xue C. Diagnostic value of 
serum cystatin C for diabetic nephropathy: a 
meta-analysis. BMC Endocr Disord 2022; 22: 
149. 

[19] Correa S, Morrow DA, Braunwald E, Davies RY, 
Goodrich EL, Murphy SA, Cannon CP and 
O’Donoghue ML. Cystatin C for risk stratifica-
tion in patients after an acute coronary syn-
drome. J Am Heart Assoc 2018; 7: e009077. 

[20] Polak A, Kucio C, Kloth LC, Paczula M, Hordyn-
ska E, Ickowicz T, Blaszczak E, Kucio E, Oleszc-
zyk K, Ficek K and Franek A. A randomized, 
controlled clinical study to assess the effect  
of anodal and cathodal electrical stimulation 
on periwound skin blood flow and pressure  

mailto:chenshan2024@163.com
mailto:chenshan2024@163.com


Predicting venous ulcers from lower-limb varicose veins

1194 Am J Transl Res 2023;15(2):1186-1194

ulcer size reduction in persons with neurologi-
cal injuries. Ostomy Wound Manage 2018; 64: 
10-29.

[21] Wang Z, Meng S, Cao L, Chen Y, Zuo Z and 
Peng S. Critical role of NLRP3-caspase-1 path-
way in age-dependent isoflurane-induced mi-
croglial inflammatory response and cognitive 
impairment. J Neuroinflammation 2018; 15: 
109. 

[22] Liu Y, Sun Y, Kang J, He Z, Liu Q, Wu J, Li D, 
Wang X, Tao Z, Guan X, She W, Xu H and Deng 
Y. Role of ROS-induced NLRP3 inflamma- 
some activation in the formation of calcium 
oxalate nephrolithiasis. Front Immunol 2022; 
13: 818625. 

[23] Wohlford GF, Van Tassell BW, Billingsley HE, 
Kadariya D, Canada JM, Carbone S, Mihalick 
VL, Bonaventura A, Vecchié A, Chiabrando JG, 
Bressi E, Thomas G, Ho AC, Marawan AA, Dell 
M, Trankle CR, Turlington J, Markley R and Ab-
bate A. Phase 1B, randomized, double-blind-
ed, dose escalation, single-center, repeat dose 
safety and pharmacodynamics study of the 
oral NLRP3 inhibitor dapansutrile in subjects 
with NYHA II-III systolic heart failure. J Cardio-
vasc Pharmacol 2020; 77: 49-60.


