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Abstract

Background
Diabetic foot ulcer (DFU) is a serious complication of diabetes that can lead to severe consequences if
left untreated. Revascularization with balloon angioplasty is a method of management of peripheral
arterial disease, and factors that can affect wound healing are of interest. The aim of the present study
was to investigate the association between HBA1C, hyperlipidemia, ankle-brachial index (ABI), and toe-
brachial index (TBI) with wound healing after balloon angioplasty in patients with DFUs.

Methods
Ninety patients with DFUs who underwent balloon angioplasty were included. Baseline HBA1C,
hyperlipidemia, ABI, and TBI were recorded. These were measured once more three months after
angioplasty. Then, based on wound healing (satisfactory or failed wound healing) as the outcome
measure, patients were divided into two groups and the gathered variables were compared.

Results
The wound healing rate at 3-month follow-up was 62.2% (56 out of 90 achieved healing of ulcer). There
was no statistically signi�cant difference between the two groups in terms of gender, age, and body mass
index (BMI). Baseline values of HbA1c were signi�cantly higher in those who failed wound healing (9.6 ± 
1.2% vs. 9.0 ± 1.2%); P = 0.01. The average values of ABI (0.77 vs. 0.8; P = 0.04) and TBI (0.51 vs. 0.60; P < 
0.001) were signi�cantly lower in the group with failed ulcer healing. The similar �ndings were observed
at three-month follow-up measurements. There was no signi�cant difference between the groups
regarding the frequency of hyperlipidemia.

Conclusion
Baseline and post-angioplasty measures of HbA1c, ABI, and TBI could affect wound healing in patients
with DFU and lower limb ischemia undergoing balloon angioplasty.

Background
Peripheral arterial disease (PAD) is an important macrovascular complication in diabetics and may affect
half of these patients (1). Limb ischemia and diabetic foot ulcer (DFU) are important consequences of
PAD. DFUs may also arise from neuropathy. Approximately 2–3% of patients with diabetes may develop
DFUs and the risk of developing foot ulcers in the lifetime of these patients is up to 25%. When PAD
exists, the rate of amputation in DFU is four-fold higher than in those without PAD (2). Patients with DFUs
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have high mortality and morbidity rates due to infection, gangrene, and amputation (3). High amputation
rate and accompanying mortality has converted DFUs to a challenging health issue among diabetics (4).

Treatment options are available for PAD that include bypass surgery and angioplasty (5). However, these
interventions may not be performed for all patients and success rates vary among studies (6). There is
evidence about the effectiveness and necessity of treating limb ischemia and foot ulcers. Different
surgical procedures such as subintimal angioplasty, transluminal angioplasty have been described (7).
Angioplasty is an effective method for revascularization of ischemic DFUs (8). Angioplasty and
revascularization have been recommended by guidelines when PAD is severe and limb ischemia and foot
ulcers develop that are non-responsive to conservative measures (9).

Assessing outcome of the surgical interventions and would healing is important when planning
treatments. Besides technical considerations some variables speci�c to diabetics are important
predictors of wound healing. Appropriate glycemic control and normal HbA1C levels, for example, is an
indicator of wound healing (4). Another study showed that improvement in HbA1C is a good indicator for
wound healing in diabetics (10). In a study of 85 patients with infected foot ulcers who underwent
percutaneous transluminal angioplasty (PTA), among different clinical and laboratory variables, C-
reactive protein (CRP) was found as a signi�cant predictor of ulcer healing (9). Another study suggested
that gender (male), advanced renal failure, and large ulcers were signi�cant predictors for failure to heal
in DFUs (2).

Ankle-brachial index (ABI), systolic pressure at the ankle divided by the systolic pressure at the arm, is a
non-invasive method to detect PAD. Measures less than 0.9 could be suggestive for PAD. This factor has
been shown in a study to have a signi�cant association with wound healing failure when the values are
less than 0.5 (11). Since several factors may have role in determining the outcome of surgical
interventions, such as angioplasty, and de�nitions used to determine wound healing, no consensus exists
as what factors may have signi�cant association with intervention success. In a recent systematic review,
it was reported that most studies to determine factors associated with wound healing in DFUs have low
quality and most focused on ABI and transcutaneous oxygen measurement (TcPO2) (12). Therefore, we
decided to determine the role of four major factors including HbA1C, hyperlipidemia, ABI and TBI in
wound healing of DFUs.

Materials And Methods
In this cross-sectional study, patients with DFUs referred to two university hospitals between 2018 and
2019 and were candidates for balloon angiography comprised the study population. Inclusion criteria
included patients with DFUs who were candidates for balloon angioplasty with any wound grade in the
PEDIS classi�cation. Before angiography, HbA1c, lipid pro�le (total cholesterol and LDL levels), ABI, and
TBI were recorded.

The patients underwent balloon angioplasty during the study period by a single vascular surgeon. Then,
the patients were followed for 3 months. After this time, the variables of interest were measured for the
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second time. The patients were visited to determine the success of the intervention and wound healing.

The required sample size considering power of 90%, con�dence interval of 95%, and wound healing rate
of 60% was calculated as 90 patients using the following formula:

Statistical analyses
Descriptive indices including frequency, percentage, mean and standard deviation (SD) were used to
express data. In order to compare continuous variables (HbA1c, ABI, and TBI) between the two groups,
independent student t test was used. The chi-square test was used to compare the frequency of
hyperlipidemia between the groups at baseline and at 3 months of follow-up. In order to compare
baseline and 3-month measurements of ABI and TBI, paired t test was used. Receiver operating
characteristic (ROC) analysis was performed to determine the optimal cut-off points for HbA1c, ABI, and
TBI. To determine the signi�cant factors that have association with wound healing, logistic regression
analysis was done, and adjusted odds ratio (OR) were calculated. The signi�cance level was set at 0.05.

Results
A total of 90 patients (62 male and 28 female) with a mean (± SD) age of 65.1 (± 8.3) years were
included. Twenty-four patients (26.7%) had obesity (BMI ≥ 30 kg/m2).

Good wound healing rate was 62.2% (56 patients). However, wound healing failed in the remaining 34
patients. There was no signi�cant difference between successful healing and failed healing groups
regarding gender (71.4% male vs. 64.7% male; P = 0.5), mean age (64.5 (± 7.9) vs. 66.1 (± 9) years; P = 
0.36), and BMI (25% obese vs. 29.4% obese; P = 0.74).

Table 1 presents baseline measurements of HBA1C, ABI, TBI, and hyperlipidemia between the two groups.
As observed, baseline mean HbA1c was signi�cantly higher in the group that failed wound healing. ABI
and TBI were also lower in this group. However, no difference was seen regarding proportion of patients
with hyperlipidemia at baseline between the groups.
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Table 1
Baseline measurements of HbA1c, ankle-brachial index (ABI), toe-brachial index (TBI), and hyperlipidemia

between successful and failed wound healing groups

  Satisfactory wound healing
(N = 56)

Failed wound healing (N 
= 34)

Total (N = 
90)

P
value

HbA1c, % 9.0 (± 1.2) 9.6 (± 1.2) 9.2 (± 1.2) 0.01ª

ABI 0.82 (± 0.1) 0.77 (± 0.13) 0.8 (± 
0.11)

0.04ª

TBI 0.60 (± 0.11) 0.51 (± 0.09) 0.57 (± 
0.11)

< 
0.001ª

Hyperlipidemia 36 (64.3%) 19 (55.9%) 55 (61.1%) 0.42*

ª Independent student t test; * Chi-square test

Table 2 presents the measurements made 3 months after angioplasty. Similar to baseline measurements,
post-angioplasty HbA1C values were higher in those who failed wound healing. In addition, ABI and TBI
were lower in this group.

Table 2
Comparison of post-angioplasty measurements of HbA1c, ankle-brachial index (ABI), toe-brachial index

(TBI), and hyperlipidemia between successful and failed wound healing groups

  Satisfactory wound healing
(N = 56)

Failed wound healing
(N = 34)

Total (N = 
90)

P value

HbA1c, % 8.4 (± 1) 9.4 (± 1.2) 8.8 (± 1.2) P < 
0.001ª

ABI 0.94 (± 0.16) 0.79 (± 0.15) 0.88 (± 
0.17)

P < 
0.001ª

TBI 0.77 (± 0.16) 0.53 (± 0.19) 0.68 (± 
0.18)

P < 
0.001ª

Hyperlipidemia 29 (51.8%) 14 (41.2%) 43 (47.8%) 0.32*

ª Independent student t test; * Chi-square test

In the group with satisfactory wound healing, ABI and TBI values increased signi�cantly. However, such
increase was not seen in the group who failed wound healing (Table 3).
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Table 3
Comparison of baseline and post-angioplasty values of ankle-brachial index (ABI) and toe-

brachial index (TBI) in satisfactory and failed wound healing groups

  Satisfactory wound healing P value Failed wound healing P value

  Baseline 3 months Baseline 3 months

ABI 0.82 (± 0.1) 0.94 (± 0.16) < 0.001 0.77 (± 0.13) 0.79 (± 0.15) 0.06

TBI 0.60 (± 0.11) 0.77 (± 0.16) < 0.001 0.51 (± 0.09) 0.53 (± 0.09) 0.10

ROC analyses showed that the greatest area under curve (AUC) belonged to post-angioplasty TBI (AUC = 
0.89, P < 0.001) to predict wound healing followed by post-angioplasty ABI (AUC = 0.74, P < 0.001), and
post-angioplasty HbA1c (AUC = 0.72, P < 0.001); Fig. 1. Using the Youden Index, the optimal cut-off points
for baseline HbA1c, ABI, and TBI were respectively 9%, 0.68, and 0.55. The optimal cut-off values for post-
angioplasty HbA1c, ABI, and TBI were 8.7%, 0.72, and 0.6 respectively.

At the next step, a logistic regression model was developed to determine the predictive role of the
signi�cant contributors (Table 4).

Table 4
The logistic regression analysis to investigate the signi�cant factors associated with wound

healing in diabetic foot ulcer following balloon angioplasty

  B SE Adjusted OR 95% CI P value

Baseline HbA1c < 9% 1.02 0.45 2.78 1.14 to 6.80 0.002

Baseline ABI > 0.68 1.38 0.56 3.98 1.31 to 12.1 0.01

Baseline TBI > 0.55 1.19 0.45 3.3 1.35 to 8.04 0.009

Post-angioplasty HbA1c > 8.7% 1.32 0.46 3.76 1.52 to 9.28 0.004

Post-angioplasty ABI > 0.72 2.13 0.69 8.44 2.15 to 33.15 0.002

Post-angioplasty TBI > 0.60 2.70 0.53 14.95 5.24 to 42.58 < 0.001

The results showed that the odds of satisfactory wound healing was 14.9 times greater for those with
post-angioplasty TBI of more than 0.6 and 8.44 times greater in those whose post-angioplasty ABI values
were larger than 0.72.

Discussion
Revascularization is an important interventional technique in the management of DFUs. Determining the
outcome of this procedure and the factors associated with wound healing, although crucial, has not been
evaluated thoroughly. Different factors may play role in the prediction of wound healing. Patient
demographic data such as age and gender, early intervention, and tests such as ABI and TBI have been
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studied previously to address this question. In this study, we intended to focus on HbA1c levels as well as
ABI, TBI, and hyperlipidemia.

According to the current �ndings, Baseline and post-angioplasty measures of HbA1c, ABI, and TBI all had
signi�cant associations with satisfactory wound healing. In the present study, wound healing rate was
62% 3 months after balloon angioplasty. It should be noted that, in general, there is limited information on
the factors that can predict wound healing after revascularization techniques (9, 12–14). Additionally,
there is great heterogeneity among the studies regarding outcome measure assessment, wound
characteristics, follow-up times, tests or variables of interest investigated, and so on. For example, in a
multicenter study in Europe involving 1,088 patients with DFUs, 48% of whom had PAD and underwent
revascularization treatments, the one-year healing rate was 77% (2). In another large study conducted in
Switzerland on 2,511 patients with DFUs, about 50% of whom had PAD and underwent vascularization,
wound healing rate was 65% at the median follow-up time of 18 weeks (15). In a systematic review on the
effectiveness of vascularization in patients with DFUs and PAD, the overall rate of healing one year after
vascularization was 60% (16).

Poor glycemic control is well known to be responsible for a wide range of complications seen in
diabetics. Here, we observed that at baseline, mean HbA1c levels were signi�cantly higher in those who
did not have a satisfactory wound healing. The �ndings of previous studies on the association between
baseline HbA1c levels and wound healing have been contradictory. Some reports in line with the present
study have shown that low levels of HbA1c at baseline are signi�cantly associated with wound healing
(17). In contrast to our �ndings, a previous study on diabetic patients who underwent percutaneous
transluminal angioplasty showed that HbA1c levels were comparable between those who needed limb
amputation and those with limb salvage (9). There are limited studies that have examined the effect
good glycemic control in the postoperative period on the healing of DFUs. In this regard, the results of the
study by Xiang et al. showed that proper glycemic control in the postoperative period to achieve HbA1c
levels of 7 to 8%, has a signi�cant relationship with the healing of DFUs (4). But Fesseha et al. concluded
that there was no clinically signi�cant association between HbA1c levels during the postoperative period
and wound healing in DFUs (18).

We observed that ABI and TBI, especially post-angioplasty measurements of these tests, had signi�cant
association with wound healing. The �ndings showed that both indices increased signi�cantly after the
intervention and in addition, the level of both indices was signi�cantly associated with the healing of
DFUs. Mean ABI and TBI values in the satisfactory wound healing group were signi�cantly higher.
Regarding the effect of angioplasty on these tests, the results of a study by Faglia et al. on patients with
ischemic DFUs showed that ABI increased signi�cantly after percutaneous transluminal angioplasty (8).

Conclusion
Baseline and post-angioplasty measures of HbA1c, ABI, and TBI could affect wound healing in patients
with DFU and lower limb ischemia undergoing balloon angioplasty.



Page 8/10

Declarations
Ethics approval and consent to participate: The study protocol was approved by the ethics committee of
Research Deputy of Kermanshah University of Medical Sciences, Kermanshah, Iran (Code: 4000389). The
study was designed and carried out according to the guidelines of the Declaration of Helsinki. The details
of the study was provided to the participants and informed consent was obtained prior to enrollment. 

Consent for publication: Not applicable.

Availability of data and materials: The datasets used and/or analyzed during the current study are
available from the corresponding author on a reasonable request.

Competing interests: The authors declare that there is no con�ict of interest regarding this manuscript
and its contents. 

Funding: Funding was received regarding this study form Kermanshah University of Medical Sciences
(Grant No. 4000389)

Authors' contributions: MS contributed to the study conception and design, data acquisition, statistical
analysis and interpretation, and drafting of the manuscript. AR, MM, AJ contributed to the conception and
design of the study and data interpretation. All authors critically revised the manuscript for important
intellectual content, provided intellectual input to the study and manuscript, and read and approved the
�nal manuscript. All authors read and approved the �nal manuscript.

Acknowledgements: We would like to thank Clinical Research Development Center, Imam Reza Hospital,
Kermanshah University of Medical Sciences, Kermanshah, Iran.

References
1. Prompers L, Huijberts M, Apelqvist J, Jude E, Piaggesi A, Bakker K, et al. High prevalence of

ischaemia, infection and serious comorbidity in patients with diabetic foot disease in Europe.
Baseline results from the Eurodiale study. Diabetologia 2007;50(1):18–25.

2. Prompers L, Schaper N, Apelqvist J, Edmonds M, Jude E, Mauricio D, et al. Prediction of outcome in
individuals with diabetic foot ulcers: focus on the differences between individuals with and without
peripheral arterial disease. The EURODIALE Study. Diabetologia 2008;51(5):747–55.

3. Alavi A, Sibbald RG, Mayer D, Goodman L, Botros M, Armstrong DG, et al. Diabetic foot ulcers: Part I.
Pathophysiology and prevention. J Am Acad Dermatol 2014;70(1):1.e1-18; quiz 19–20.

4. Xiang J, Wang S, He Y, Xu L, Zhang S, Tang Z. Reasonable Glycemic Control Would Help Wound
Healing During the Treatment of Diabetic Foot Ulcers. Diabetes Ther 2019;10(1):95–105.

5. Dubský M, Jirkovská A, Bem R, Fejfarová V, Pagacová L, Nemcová A, et al. Comparison of the effect
of stem cell therapy and percutaneous transluminal angioplasty on diabetic foot disease in patients
with critical limb ischemia. Cytotherapy 2014;16(12):1733–8.



Page 9/10

�. Reardon R, Simring D, Kim B, Mortensen J, Williams D, Leslie A. The diabetic foot ulcer. Aust J Gen
Pract 2020;49(5):250–255.

7. Kota SK, Kota SK, Meher LK, Sahoo S, Mohapatra S, Modi KD. Surgical revascularization techniques
for diabetic foot. J Cardiovasc Dis Res 2013;4(2):79–83.

�. Faglia E, Mantero M, Caminiti M, Caravaggi C, De Giglio R, Pritelli C, et al. Extensive use of peripheral
angioplasty, particularly infrapopliteal, in the treatment of ischaemic diabetic foot ulcers: clinical
results of a multicentric study of 221 consecutive diabetic subjects. J Intern Med 2002;252(3):225–
32.

9. Lin CW, Hsu LA, Chen CC, Yeh JT, Sun JH, Lin CH, et al. C-reactive protein as an outcome predictor for
percutaneous transluminal angioplasty in diabetic patients with peripheral arterial disease and
infected foot ulcers. Diabetes Res Clin Pract 2010;90(2):167–72.

10. Vella L, Gatt A, Formosa C. Does Baseline Hemoglobin A(1c) Level Predict Diabetic Foot Ulcer
Outcome or Wound Healing Time? J Am Podiatr Med Assoc 2017;107(4):272–279.

11. Brechow A, Slesaczeck T, Münch D, Nanning T, Paetzold H, Schwanebeck U, et al. Improving major
amputation rates in the multicomplex diabetic foot patient: focus on the severity of peripheral arterial
disease. Ther Adv Endocrinol Metab 2013;4(3):83–94.

12. Wang Z, Hasan R, Firwana B, Elraiyah T, Tsapas A, Prokop L, et al. A systematic review and meta-
analysis of tests to predict wound healing in diabetic foot. J Vasc Surg 2016;63(2 Suppl):29S-
36S.e1-2.

13. Venermo M, Biancari F, Arvela E, Korhonen M, Söderström M, Halmesmäki K, et al. The role of chronic
kidney disease as a predictor of outcome after revascularisation of the ulcerated diabetic foot.
Diabetologia 2011;54(12):2971–7.

14. Schreuder SM, Hendrix Y, Reekers JA, Bipat S. Predictive Parameters for Clinical Outcome in Patients
with Critical Limb Ischemia Who Underwent Percutaneous Transluminal Angioplasty (PTA): A
Systematic Review. Cardiovasc Intervent Radiol 2018;41(1):1–20.

15. Gershater MA, Löndahl M, Nyberg P, Larsson J, Thörne J, Eneroth M, et al. Complexity of factors
related to outcome of neuropathic and neuroischaemic/ischaemic diabetic foot ulcers: a cohort
study. Diabetologia 2009;52(3):398–407.

1�. Hinchliffe RJ, Andros G, Apelqvist J, Bakker K, Friederichs S, Lammer J, et al. A systematic review of
the effectiveness of revascularization of the ulcerated foot in patients with diabetes and peripheral
arterial disease. Diabetes Metab Res Rev 2012;28 Suppl 1:179–217.

17. Christman AL, Selvin E, Margolis DJ, Lazarus GS, Garza LA. Hemoglobin A1c predicts healing rate in
diabetic wounds. J Invest Dermatol 2011;131(10):2121–7.

1�. Fesseha BK, Abularrage CJ, Hines KF, Sherman R, Frost P, Langan S, et al. Association of Hemoglobin
A(1c) and Wound Healing in Diabetic Foot Ulcers. Diabetes Care 2018;41(7):1478–1485.

Figures



Page 10/10

Figure 1

Receiver operating characteristic (ROC) analysis to show function of baseline and post-angioplasty
values of HbA1c, ABI, and TBI to predict wound healing


