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Abstract

This study aimed to explore the risk factors for foot ulcer recurrence in patients
with comorbid diabetic foot osteomyelitis (DFO) and diabetic nephropathy (DN).
This is a prospective cohort study. Between May 2018 and May 2021, we selected
120 inpatients with comorbid severe diabetic foot infection (PEDIS Grade 3 or
above) and DN for inclusion in our study. All cases were followed up for 36
months. The study outcomes were whether foot ulcer recurred and the time to
recurrence. The risk factors of ulcer recurrence were analysed by comparing the
data of the three groups. According to the recurrence of foot ulcer, the partici-
pants were divided into three groups: Group A (no foot ulcer recurrence, n = 89),
Group B (foot ulcer recurrence within 12-36 months, n = 19) and Group C (foot
ulcer recurrence within 6-12 months, n = 12). The multivariate Cox regression
analysis showed that urine albumin-creatinine ratio (UACR) (HR: 1.008, 95% CI:
1.005-1.011, P <.001) and vibration perception threshold (VPT) (HR: 1.064, 95%
CI: 1.032-1.096, P <.001) were identified as independent risk factors. Kaplan-
Meier curves showed a significant positive association between UACR or VPT
and the risk of foot ulcer recurrence (log rank, all P < .05). Areas under the ROC
curves for UACR, VPT and the combination of UACR and VPT were 0.802, 0.799
and 0.842, respectively. The best cut-off values of UACR and VPT were 281.51
mg/g and 25.12V, respectively. In summary, elevated UACR and VPT were inde-
pendent risk factors. The best clinical cut-off values of UACR and VPT for predic-
tion of foot ulcer recurrence were 281.51 mg/g and 25.12'V, respectively. Besides,

our results suggested that microcirculation disorders rather than macrovascular
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1 | INTRODUCTION

At present, diabetes mellitus (DM) has increasingly
become a common and chronic intractable disease, seri-
ously threatening human health worldwide. The preva-
lence of DM in adults is approximately 11.2%" in China.
Diabetic nephropathy (DN) and diabetic foot disease,
especially diabetic foot ulcers (DFU), are clinically com-
mon and chronic complications of DM. It is estimated
that approximately 20% to 40% of patients with DM
develop DN*? and the proportion of chronic kidney dis-
ease was as high as 39.3%" in patients with diabetic foot
disease. About one in four patients with DM suffer from
diabetic foot disease or DFU.

DN is manifested as increased urine protein excretion
and a decline in the glomerular filtration rate. Renal
insufficiency was recognised as a risk factor for cardiovas-
cular events. It has been reported that more than 20% of
patients with DFU suffered from one or more cardiovas-
cular disease events. Albuminuria was an independent
predictor for cardiovascular disease events>® and also
associated with foot ulcer, amputation and mortality.”®
However, the relationship between albuminuria and foot
ulcer recurrence is still unknown. Approximately 85% of
DM patients with amputations have a history of DFU
and the 5-year mortality rate is nearly 80% after amputa-
tions.”> Diabetic foot osteomyelitis (DFO) is a complex
and serve complication of DFU. It usually occurs after
DFU and needs surgical intervention. DFO is an indepen-
dent risk factor for foot ulcer recurrence. It has been
reported that the recurrence rate of DFO within 1 year
was about 40% after DFU recurrence, which increased
the risk of amputation, especially major amputations.”°

In recent decades, numerous studies have reported
that DFU is associated with a greater risk of cardiovascu-
lar events or death and all-cause mortality."'"* Cardio-
vascular events are believed to be a major cause of
mortality.'*'*> Remarkably, in these predictive factors,
the history of cardiovascular disease (CVD) has a

complications play a major role in the recurrence of foot ulcer in patients with
comorbid DFO and DN.

diabetic foot, diabetic nephropathy, foot ulcer recurrence, influencing factors

« elevated UACR and VPT were independent risk factors in patients with
comorbid diabetic foot osteomyelitis (DFO) and diabetic nephropathy (DN)

« microcirculation disorders rather than macrovascular complications play a
major role in the recurrence of foot ulcer in patients with comorbid DFO

negative impact in DFU progression, and cerebrovascular
disease is also closely related to the progression or recur-
rence of DFU and amputation.'® In particular, the
patients with comorbid kidney disease and CVD have a
poor prognosis.'”'®

Taken together, patients with comorbid DFO and DN
have a significantly higher risk of ulcer recurrence,
amputation, cardiovascular mortality and all-cause mor-
tality than patients with diabetic foot disease alone. It is
clinically important to investigate influencing factors and
predictors of DFU recurrence. Therefore, we aimed to
explore the risk factors of foot ulcer recurrence in
patients with comorbid DFO and DN in 120 patients with
comorbid severe diabetic foot infection (PEDIS Grade
3 or above) and DN. As far as we know, our study is the
first to investigate the factors of ulcer recurrence in
patients with comorbid DFO and DN.

2 | METHODS

2.1 | Subjects

Between May 2018 and May 2021, we selected 120 inpa-
tients with comorbid severe diabetic foot infection
(PEDIS Grade 3 or above) and DN. The inclusion criteria
for the study enrolment were as follows: (a) DM was
diagnosed according to the 1999 World Health Organiza-
tion (WHO) criteria'®; (b) all participants met the Inter-
national Working Group on the Diabetic foot and the
Infectious Diseases Society of Americas® for the diagno-
sis and grade of diabetic foot infection and were diag-
nosed as PEDIS Grade 3 or above. The exclusion criteria
included: (a) foot ulcers and infections caused by non-
diabetics such as tophus ulcers and venous ulcers;
(b) chronic kidney disease caused by other diseases;
(c) patients complicated with other malignancies;
(d) patients were treated with immunosuppressants or
glucocorticoids; (e) patients with incomplete follow-up
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data, lost to follow-up, less than 1 year of follow-up and
death.

The wound condition was assessed by two professional
clinicians in the management of diabetic foot. The wound
characteristics such as size, depth, sinus tract and fistula
formation were evaluated (Figure 1A). The wounds were
treated with wound dressing change and negative pressure
pump wound therapy for 14 days (Figure 1B). The dynam-
ics of wound healing during the treatment were assessed
daily (Figure 1C). Then the dressing changes were per-
formed twice per week until wound healing (Figure 1D).
During hospitalisation, all patients were given the same
standardised and effective treatment measures, such as
antibiotic use intensity, ultrasonic debridement, biatain
alginate/adhesive wound dressings and negative pressure
pump treatment technology, etc. During home life, the
same standardised foot care guidance, such as pressure
relief shoes and foot bath in warm water with traditional
Chinese medicine after the wound healing, were rec-
ommended to prevent the recurrence of foot ulcer.

The follow-up data were required by outpatient ser-
vice, WeChat app, telephone and reviewing medical

FIGURE 1
treatment. (A) Foot ulcer before treatment. (B) The wounds were

The dynamics of foot ulcer healing during the

treated with wound dressing change and negative pressure wound
therapy. (C) The wounds after 14 days treatment. (D) The healing
of the ulcer after treatment

records. Patients were followed up every 6 months for
36 months and the recurrence of the foot ulcer was
assessed. All participants agreed to participate in this
study and written informed consent was obtained. The
study was conducted in compliance with the Declara-
tion of Helsinki and was approved by the Ethics Com-
mittee of Guangxi Academy of Medical Sciences and
the People's Hospital of Guangxi Zhuang Autonomous
Region.

2.2 | The grouping criteria
The patients were divided into three groups based on the
presence or absence of recurrence and the time to recur-
rence: Group A had no foot ulcer recurrence, Group B
occurred foot ulcer recurrence within 12 to 36 months and
Group C occurred foot ulcer recurrence within 6-12
months. The standard of foot ulcer healing was that foot
ulcer was completely covered by the skin for 6 months and
the standard of foot ulcer recurrence was that a new ulcer
occurred in the same location after the ulcer had healed.
Regarding the diagnosis of urine albumin-creatinine
ratio (UACR), microalbuminuria and macroalbuminuria
were defined if the UACR was 30 to 299 mg/g and >300
mg/g, respectively. Regarding the general criterion of
vibration perception threshold (VPT), VPT was stratified
as normal (VPT 0-15V), decreased (VPT 16-25V) and lost
(VPT > 25V).

2.3 | Data collection

Participants’ demographics include age, gender, duration
of diabetes, smoking status and comorbidities (hyper-
tension, CHD and CVD). Glycosylated haemoglobin
(HbAlc), white blood cells (WBC), haemoglobin (Hb),
albumin, total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), estimated glomerular fil-
tration rate (eGFR), urine albumin and creatinine were
analysed at the Central Chemistry Laboratory of Guangxi
Academy of Medical Sciences and the People's Hospital
of Guangxi Zhuang Autonomous Region. UACR was
expressed as urinary albumin/urinary creatinine. Ankle-
brachial index (ABI) was defined as the ratio of ankle to
brachial systolic blood pressure. ABI was measured using
Summit Ultrasonic Doppler Blood Flow Analyzer (Vista
AVS, Cooper Surgical Inc. USA). VPT was measured
using vibratory sensory tester (Sensiometer A200, Beijing
Laxons Technology Co., Ltd) following the provided pro-
tocols. All measurements were performed by experienced
technicians.
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2.4 | Statistical analyses

Data analyses were performed using the SPSS statistical
software, version 23.0 (SPSS Inc., Chicago, IL, USA). For
normally distributed variables, data were described as
mean + SD. One-way ANOVA was used for multi-group
comparison and then LSD-t test was applied for pairwise
comparison. Bonferroni adjustment of a level was used to
control for pairwise comparisons. For non-normally dis-
tributed variables, data were described as median (quar-
tiles). Kruskal-Wallis H test was used for multi-group
comparison, and then the Mann-Whitney U test was
applied for pairwise comparison. Counting data were

TABLE 1 Clinical characteristics
Clinical data Group A (n = 89)
Age, years 59.17 £13.46
Gender, n (%)

Female 36 (40.4%)

Male 53 (59.6%)
Duration of diabetes, year 7.55+3.19
Smoke, n (%) 35(39.3%)
Comorbidities

Hypertension, n (%) 37 (41.6%)

CHD, n (%) 13 (14.6%)

Cerebrovascular disease, n (%) 17 (19.1%)

HbAlc, % 8.29+1.84

WBC, x10°/L 10.50 +2.56

Hb, g/L 121.07 +21.24
Albumin, g/L 38.82 (35.08, 42.10)
TC, mmol/L 4.84 +1.80

TG, mmol/L 2.00 +0.65
HDL-C, mmol/L 1.13 £0.37

LDL-C, mmol/L 3.01+0.93

eGFR, mL/min/1.73 m? 81.83 (59.71, 106.78)

UACR, mg/g 175.96 (107.01, 238.85)
ABI 0.90 +0.29
VPT, V 17.29 +7.41
Infection severity (n, %)
PEDIS 3 Grade/moderate 56 (62.9%)
PEDIS 4 Grade/severe 33 (37.1%)

expressed as cases (percentage) and analysed by y test.
To identify the risk factors for foot ulcer recurrence, the
univariate Cox regression analysis was initially used and
then the factors with P<.1 in the univariate analysis
were enrolled into the multivariate Cox regression analy-
sis. Survival analysis was analysed by the Kaplan-Meier
method and the log-rank statistic was used to compare
the risk of foot ulcer recurrence between groups. Receiver
operating characteristic (ROC) curve was used to deter-
mine the prognostic value of different factors in ulcer
recurrence assessment and was plotted based on the
logistic regression model. P-values <.05 were considered
statistically significant.

Group B (n =19) Group C (n = 12) P value
61.39 +15.93 64.25 +11.84 113
.907
7 (36.8%) 4 (33.3%)
12 (63.2%) 8 (66.7%)
8.96 + 3.80 9.24 +3.60 114
8 (42.1%) 6 (50.0%) 785
9 (47.4%) 6 (50.0%) 796
2(10.5%) 4(33.3%) 210
2(10.5%) 2(16.7%) 787
8.32+2.76 7.49 +1.73 270
11.50 + 2.76 12.30 +2.17 407
119.55 + 23.35 119.45 +17.59 916
38.20 (34.03, 40.29) 40.88 (37.87, 41.88) .535
5.06 + 2.02 4.92 +1.45 .885
2.08 +0.77 2.30+0.88 .801
0.95+0.38 0.93+0.36 .076
314+1.14 3.43+0.95 235
86.79 (51.19, 108.71) 47.90 (36.86, 68.24) .003*
306.61 (163.09, 387.46) 416.63 (290.93, 469.95) <.001*
0.82+0.24 0.92 +0.42 .620
23.15+9.55 29.08 +6.79 <.001*
371
9 (47.4%) 6 (50.0%)
10 (52.6%) 6 (50.0%)

Note: Mean + SD and median (inter-quartile range) for continuous variables. Percentage (%) for categorical variables.

Abbreviations: ABI, ankle-brachial index; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; HbAlc, glycosylated
haemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; UACR, urinary
albumin-to-creatinine ratio; VPT, vibration perception threshold; WBC, white blood cells.

*P <.05.
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3 | RESULTS
3.1 | Clinical characteristics of the study

cohort

A total of 120 eligible subjects were enrolled in this study.
The clinical characteristics of the subjects are shown in
Table 1. Of the 120 subjects, 89 (59.6% male; mean age
59.17 + 13.46 years) had no foot ulcer recurrence (Group
A), 19 had (63.2% male; mean age 61.39 + 15.93 years)
foot ulcer recurrence within 12 to 36 months (Group B)
and 12 (66.7% male; mean age 64.25+ 11.84 years) had
foot ulcer recurrence within 6-12 months (Group C).
There were no significant differences in age, gender,

TABLE 2
for the recurrence of foot ulcer

Cox regression analyses

Variables

Duration of diabetes
WBC, x10°/L
HDL-C

eGFR

UACR

VPT

P - WiLEy-L”

duration of diabetes, smoke, hypertension, CHD, cerebro-
vascular disease, HbAlc, WBC, Hb, albumin, TC, TG,
HDL-C, LDL-C, ABI and infection of severity among the
three group (all P> .05). However, there were significant
differences in eGFR, UACR and VPT among the three
groups (all P-values < .05).

3.2 | Factors associated with ulcer
recurrence

Univariate and multivariate analyses were used to reveal
the factors that influenced the recurrence of foot ulcer,
and the results are shown in Table 2. Univariate Cox

Univariate analysis Multivariate analysis

HR 95% CI Pvalue HR 95% CI P value
1.131 1.012-1.264 .030* — — —
1.204 1.036-1.399 .015* = = =
0.328  0.128-0.841 .020* — — —
0.988  0.976-0.999 .039* — — —
1.009 1.006-1.012 <.001* 1.008 1.005-1.011 <.001*
1.090 1.053-1.128 <.001* 1.064 1.032-1.096 <.001*

Abbreviations: HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol;

eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; VPT, vibration

perception threshold.

Foot ulcer recurrence

*P<.05.
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analysis showed that duration of diabetes (HR: 1.131, 0.128-0.841, P = .020), eGFR (HR: 0.988, 95% CI:
95% CI: 1.012-1.264, P = .030), WBC (HR: 1.204, 95% 0.976-0.999, P = .039), UACR (HR: 1.009, 95% CI:
CI: 1.036-1.399, P = .015), HDL-C (HR: 0.328, 95% CI: 1.006-1.012, P < .001), VPT (HR: 1.090, 95% CI: 1.053-1.128,

Foot ulcer recurrence
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P <.001) were significantly associated with foot ulcer
recurrence. Next, the significant factors identified by
the univariate analysis were included in multivariate Cox
analysis. We found that UACR (HR: 1.008, 95% CL
1.005-1.011, P<.001) and VPT (HR: 1.064, 95% CIL
1.032-1.096, P <.001) were identified as independent risk
factors in patients with comorbid diabetic foot infection
and DN.

3.3 | Comparison of foot ulcer
recurrence risk in different UACR and
VPT levels

We next explored the influence of different UACR and
VPT levels on risk of foot ulcer recurrence. The Kaplan-
Meier estimates of the cumulative risk of foot ulcer recur-
rence stratified by the UACR and VPT levels are depicted
in Figures 2 and 3. The results showed a significant posi-
tive association between UACR or VPT and the risk of
foot ulcer recurrence (log rank, all P <.05).

3.4 | ROC analysis of UCAR and VPT for
the risk prediction of foot ulcer recurrence

In ROC analysis, areas under the curves for UACR, VPT
and the combination of UACR and VPT were 0.802,
0.799 and 0.842, respectively (all P-values<.05)
(Figure 4). According to the Youden index calculation,
the best cut-off values of UACR and VPT were 281.51
mg/g (sensitivity 69.4%; specificity 81.8%) and 25.12V
(sensitivity 69.4%; specificity 87.1%), respectively.

4 | DISCUSSION

DFU is a late and severe complication of DM and is a
highly prevalent disease in China and worldwide.”""**
Foot ulcer recurrence is more prevalent in DFU patients
with DFO or DN. Past research studies have mainly
focused on amputation and mortality in DFU
patients.”**> However, there are few studies to explore
the factors related to ulcer recurrence in DFU patients.
To our knowledge, this is the first study that aimed to
investigate the factors affecting foot ulcer recurrence in
patients with comorbid DFO and DN.

In our study, among the patients, 89 individuals
(Group A) had no foot ulcer recurrence, 19 individuals
(Group B) had foot ulcer recurrence within 12 to 36
months and 12 individuals (Group C) had foot ulcer
recurrence within 6 to 12 months. There were significant
differences in eGFR, UACR and VPT among the three

groups. Next, we found UACR and VPT were identified
as independent risk factors in patients with comorbid dia-
betic foot infection and DN. There was a significant posi-
tive association between UACR or VPT and the risk of
foot ulcer recurrence. Areas under the ROC curves for
UACR, VPT and the combination of UACR and VPT
were 0.802, 0.799 and 0.842, respectively. Besides, the
best cut-off values of UACR and VPT were 281.51 mg/g
and 25.12'V, respectively.

UACR and VPT reflect the severity of DN and dia-
betic peripheral neuropathy, respectively, and play
important roles in the occurrence and development of
ulcers. In this study, multivariate Cox analysis showed
that UACR and VPT were found to be the independent
risk factors in patients with comorbid DFO and DN. The
survival analysis also suggested elevated urinary protein
levels and VPT increased the cumulative risk of foot ulcer
recurrence. Elevated UACR is a marker of kidney injury
that can be used for the diagnosis and stage of chronic
kidney disease®®?” and also represents a hallmark of
DN.?® Elevated UACR levels usually imply the presence
of vascular endothelial dysfunction, increased capillary
permeability, thickened capillary basement membrane,
luminal stenosis and then lead to ischaemia and hypoxia
in neural and muscle tissues.”’ These pathological
changes are important factors in the recurrence of foot
ulcer. Our previous study’® has found that UACR was
associated with prognosis in patients with DFO, and ele-
vated UACR levels increased the risk of all-cause mortal-
ity, major cardiovascular adverse events and mixed
endpoint events. Therefore, there is a need for UACR
screening in these patients and reducing UACR is a ther-
apeutic target.’’ VPT is an effective and convenient dia-
betic peripheral neuropathy (DPN) screening by the
vibration sensation detection in functional nerve fibres to
assess the risk of foot ulcers.’*>>* Based on this, we
thought that elevated VPT indicated the loss of protective
sensation and recurrent ulcer was more likely to occur
after DFU healing. The areas under the curves for the
combination of UACR and VPT in ROC curve were
higher, which fully illustrated the importance of micro-
circulation for foot ulcer recurrence. In addition, ABI
mainly reflects the severity of obstructive atherosclerotic
disease in large vessels, especially lower extremity
artery.>**> In our study, we found that ABI was not dif-
ferent among the three groups, which also suggested that
microvasculopathy is a major cause of foot ulcer recur-
rence in these patients. Hence, we found not only the
factors affecting foot ulcer recurrence, but also the impor-
tant role of nerve and kidney protection in the treat-
ment of DFU. Furthermore, we also found that the best
cut-off values of UACR and VPT were 281.51 mg/g and
25.12V, respectively. Both UACR and VPT are widely
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used in clinical screening for diabetes complications.
As a result, our study provides a theoretical basis for
treatment modalities and prognosis judgement of DFO
with DN.

Thus, this study has shown that microcirculation dis-
orders play a major role in the recurrence of ulcers in
patients with DFO and DN, which is different from the
previous general belief that macrovascular disease plays a
major role.**>®* UACR and VPT respectively reflect the
severity of DN and DPN,*** which are both complica-
tions of diabetic microangiopathy. This suggests that
lower extremity microvascular disease may be the main
reason for the recurrence of ulcers in patients with DFO
and DN.

There are still some shortcomings in our study. First,
the use of insulin and low BMI also are related to DFU
recurrence. Second, our results might be limited by the
relatively small sample size and short follow-up period;
therefore, further study with larger sample size is needed.
Moreover, we focused our analysis on the foot ulcer
recurrence, and patients with loss to follow-up or death
were excluded. The long-term clinical outcomes were not
investigated in this population. The subsequent study
should enrol more cases, extend follow-up time and
observe clinical outcomes including cardiovascular
events and all-cause death.

5 | CONCLUSION

In conclusion, elevated UACR and VPT are risk factors
for foot ulcer recurrence in patients with comorbid severe
diabetic foot infection and DN. Besides, our results
suggested that microcirculation disorders rather than
macrovascular complications play a major role in the
recurrence of foot ulcer in patients with comorbid DFO
and DN. That would help clinical doctors adopt the
appropriate therapeutic measures for the prevention of
foot ulcer recurrence.
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