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Abstract
The aim of the current study was to reveal the clinical characteristics of Japanese diabetic patients with critical limb ischemia 
(CLI) presenting ischemic unhealed ulcer/gangrene (Fontaine stage IV) in the real-world settings. The current retrospective 
cross-sectional study included consecutive 282 Japanese diabetic patients who underwent endovascular therapy for CLI 
presenting Fontaine stage IV. The prevalence of diabetes-related complications was estimated adopting multiple imputation 
(50 times). The patients were aged 70 ± 10 years. Median duration of diabetes was 21 (interquartile range 12–31) years. The 
prevalence of proliferative diabetic retinopathy, end-stage renal disease on regular dialysis, stroke, coronary artery disease, 
and chronic heart failure was estimated at 48% (95% confidence interval 39–56%), 52% (46–58%), 34% (28–39%), 48% 
(42–54%), and 35% (29–41%), respectively. The prevalence of stroke, coronary artery disease, and chronic heart failure 
was not significantly associated with the duration of diabetes (all p > 0.05). On the other hand, the prevalence of prolifera-
tive diabetic retinopathy and end-stage renal disease on regular dialysis was significantly positively associated with the 
duration of diabetes (both p < 0.05). However, these prevalences reached as high as ~ 30% even in patients with duration of 
diabetes < 10 years. In conclusion, the advanced stage of diabetes-related complications was prevalent in patients with CLI 
presenting Fontaine stage IV.
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Introduction

Critical limb ischemia (CLI) is the most advanced form of 
peripheral arterial disease (PAD), presenting ischemic rest 
pain (Fontaine stage III) or unhealed ulcer/gangrene (Fon-
taine stage IV) due to chronic severe ischemia. Patients 
with CLI, especially presenting Fontaine stage IV, have an 
extremely poor prognosis for both survival and limb sal-
vage, and most of them ultimately need revascularization 
[1]. Diabetes mellitus is a well-known risk factor for CLI [1], 

and a majority of patients who develop CLI have diabetes 
mellitus [2].

Diabetes mellitus is associated not only with the risk of 
CLI, but also with the risk of other diabetic complications 
[3]. It would be no surprise if diabetic patients developing 
CLI present a various kind of other diabetic complications. 
Comorbidities often influence the treatment strategies for 
CLI in clinical practice, and it would be of healthcare impor-
tance to reveal these prevalences in the real-world settings. 
However, no detailed data are so far available regarding the 
prevalence.

The aim of the current study was to reveal the clinical 
characteristics of Japanese diabetic patients with CLI pre-
senting Fontaine stage IV in the real-world settings.

Materials and methods

The current retrospective cross-sectional study included 
consecutive 282 Japanese diabetic patients who underwent 
endovascular therapy for CLI presenting unhealed ischemic 
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ulcers or gangrenes (Fontaine stage IV) in Kansai Rosai 
Hospital, Amagasaki City, Japan, between 2003 and 2010. 
Data on their clinical characteristics at revascularization for 
CLI were retrospectively collected from the medical records. 
Duration of diabetes was referred to as the time from diag-
nosis of diabetes, rather than from the onset of diabetes. The 
current study was performed in accordance with the Dec-
laration of Helsinki, and was approved by the ethics com-
mittee of Asahikawa Medical University Hospital (date of 
approval: July 22, 2016, approval no.: 16053), Kansai Rosai 
Hospital (date of approval: August 5, 2016, approval no.: 
16D029g), and Osaka University Hospital (date of approval: 
August 30, 2016, approval no.: 16171). On the grounds that 
the current study was an observational research study using 
only existing materials, the study was considered exempt 
from informed consent of patients, in accordance with the 
Ethical Guidelines for Medical and Health Research Involv-
ing Human Subjects in Japan. Instead, relevant information 
regarding the study was open to the public.

Statistical analysis

Data are given as mean ± SD for continuous variables and as 
percentages for dichotomous variables, if not otherwise men-
tioned. The difference of body mass index between patients 
with and without end-stage renal disease on regular dialysis 
was assessed by the Welch’s t test. The prevalence of diabe-
tes-related comorbidities in the population is presented with 
the 95% confidence interval (CI). The association between 
the prevalence and patient backgrounds including the dura-
tion of diabetes was investigated using logistic regression 
model, in which respective diabetes-related comorbidities 
were entered as the dependent variable and patient back-
grounds were entered as the explanatory variables. Since 
the current retrospective dataset contained missing data, 
multiple imputation (50 times) was adopted. All statistical 
analyses were performed using R software program version 
3.1.0 (R Development Core Team, Vienna, Austria).

Results

The clinical characteristics are summarized in Table 1. They 
were aged 70 ± 10 years. Duration of diabetes was recorded 
in 174 patients (62%), and the median value (interquar-
tile range) was 21 (12–31) years. Hemoglobin A1c levels 
were measured in 252 patients, and the mean value was 
7.2 ± 1.5%. Multiple imputation estimated that patients with 
duration of diabetes ≥ 20 years accounted for 55% (95% con-
fidence interval 48–62%); whereas 23% (17–28%) of patients 
had hemoglobin A1c levels ≥ 8%. Mean body mass index 
was 21.5 ± 3.3 kg/m2; the value was not significantly dif-
ferent between patients without and with end-stage renal 

disease on regular dialysis (21.6 ± 3.4 and 21.4 ± 3.3 kg/
m2, p = 0.78). The prevalence of obesity (defined as body 
mass index ≥ 25 kg/m2) was estimated at 13% (9–17%) 
based on multiple imputation, whereas leanness (body mass 
index < 18.5 kg/m2) was estimated at 18% (13–23%).

The estimated prevalence of diabetes-related complica-
tions is shown in Table 2. The prevalence of proliferative 

Table 1   Patient characteristics

Data are presented as mean ± SD for continuous variables and per-
centage (n) for discrete variables, with the exception of those on 
duration of diabetes, which are summarized as median (interquartile 
range). The number of patients with the data available is also demon-
strated

n 282
Male sex 68% (193/282)
Age (years) 70 ± 10 (n = 282)
Duration of diabetes (years) 21 (12–31) (n = 174)
Hemoglobin A1c (%) 7.2 ± 1.5 (n = 252)
Body mass index (kg/m2) 21.5 ± 3.3 (n = 266)
Smoking 32% (91/282)
Hypertension 81% (229/282)
Dyslipidemia 54% (153/282)
Ankle-brachial index 0.69 ± 0.28 (n = 245)
Systolic blood pressure (mmHg) 142 ± 27 (n = 209)
Diastolic blood pressure (mmHg) 73 ± 14 (n = 208)
Total cholesterol (mg/dl) 166 ± 41 (n = 255)
High-density lipoprotein cholesterol (mg/dl) 43 ± 15 (n = 246)
Low-density lipoprotein cholesterol (mg/dl) 98 ± 32 (n = 265)
Triglycerides (mg/dl) 119 ± 61 (n = 252)
Medication
 Insulin 47% (100/212)
 Sulfonylurea 14% (30/212)
 Glinide 6% (12/212)
 Alpha-glucosidase inhibitor 16% (33/212)
 Biguanide 2% (4/212)
 Thiazolidinedione 3% (7/212)
 Dipeptidyl-peptidase 4 inhibitor 0.5% (1/212)
 Renin–angiotensin system inhibitor 48% (102/212)
 Calcium blocker 39% (83/212)
 Beta antagonist 12% (26/212)
 Diuretic 27% (58/212)
 Statin 20% (42/212)
 Fibrate 1% (2/212)
 Nicotinic acid 7% (14/212)
 Eicosapentaenoic acid 4% (9/212)
 Dipyridamole 2% (4/212)
 Beraprost 22% (46/212)
 Sarpogrelate 19% (41/212)
 Cilostazol 28% (60/212)
 Thienopyridine 32% (68/212)
 Aspirin 73% (155/212)
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diabetic retinopathy, end-stage renal disease on regular 
dialysis, and coronary artery disease reached about a half, 
whereas that of stroke and chronic heart failure was esti-
mated at about one-third. The prevalence of stroke, coronary 
artery disease, and chronic heart failure was not significantly 
associated with the duration of diabetes. On the other hand, 
the prevalence of proliferative diabetic retinopathy and 
end-stage renal disease on regular dialysis was significantly 
positively associated with the duration of diabetes. However, 
these prevalences reached as high as ~ 30% even in patients 
with duration of diabetes < 10 years. The association of the 
duration of diabetes with proliferative diabetic retinopathy 
and end-stage renal disease on regular dialysis remained 
significant even with adjustment for sex, age, hypertension, 
and dyslipidemia (Table 3). In the population, age was nega-
tively associated with the prevalence of proliferative diabetic 
retinopathy and end-stage renal disease on regular dialysis, 
whereas age as well as hypertension were positively associ-
ated with that of stroke. On the other hand, male sex was 
positively associated with the prevalence of coronary artery 
disease. 

Discussion

The current retrospective study demonstrated the clinical 
characteristics of Japanese diabetic patients with CLI pre-
senting Fontaine stage IV in the real-world settings.

Previous studies reporting the clinical characteristics of 
Japanese diabetic patients in clinical practice showed that 
their age and duration of diabetes were on an average around 
60s and 10 years, respectively [4–7], indicating that the 
current study population were almost a decade older, with 
about a decade longer duration of diabetes. Furthermore, 
body mass index was distributed lower in the current study 
population, even without end-stage renal disease on regular 
dialysis, meaning that obesity was less prevalent and lean-
ness was more prevalent. In contrast to a general diabetic 
population, there would be potentially a greater demand for 
nutritional intervention to ameliorate malnutrition rather 
than overeating in the population.

Although its association with the duration of diabetes 
remained to be investigated, the prevalence of diabetes-
related complications in diabetic CLI patients with tissue 

Table 2   Estimated prevalence of diabetes-related complications

Data are estimated prevalence [95% confidence interval], based on multiple imputation (n = 50). Odds ratios of duration of diabetes for diabetes-
related complications [95% confidence intervals] were adjusted for age and sex, which were derived from the logistic regression model

Overall population Duration of diabetes Adjusted odds ratio of dura-
tion of diabetes (per 10-year 
increase)< 10 years 10–20 years 20–30 years ≥ 30 years

Proliferative diabetic retinopathy 48%
[39–56%]

30%
[13–48%]

44%
[28–60%]

53%
[35–70%]

59%
[43–75%]

1.70 [1.15–2.53]
(p = 0.009)

End-stage renal disease on regular 
dialysis

52%
[46–58%]

35%
[20–49%]

48%
[35–61%]

59%
[46–72%]

61%
[49–73%]

1.56 [1.21–2.02]
(p = 0.001)

Stroke 34%
[28–39%]

34%
[18–50%]

34%
[22–46%]

36%
[23–48%]

31%
[19–43%]

0.90 [0.69–1.19]
(p = 0.47)

Coronary artery disease 48%
[42–54%]

47%
[32–62%]

46%
[33–59%]

50%
[38–63%]

49%
[37–62%]

1.02 [0.80–1.30]
(p = 0.88)

Chronic heart failure 35%
[29–41%]

35%
[20–50%]

36%
[24–49%]

32%
[20–45%]

38%
[25–50%]

0.97 [0.75–1.25]
(p = 0.79)

Table 3   Association of patient backgrounds with the prevalence of diabetes-related complications

Data are adjusted odds ratios [95% confidence interval] of patient backgrounds (duration of diabetes, sex, age, hypertension, and dyslipidemia) 
for respective diabetes-related complications, which were derived from the logistic regression model with multiple imputation (n = 50)
*p < 0.05

Duration of dia-
betes (per 10-year 
increase)

Male
(versus female)

Age
(per 10-year increase)

Hypertension Dyslipidemia

Proliferative diabetic retinopathy 1.74 [1.17–2.61]* 0.62 [0.26–1.48] 0.44 [0.28–0.71]* 0.76 [0.26–2.21] 0.96 [0.38–2.47]
End-stage renal disease on regular 

dialysis
1.61 [1.24–2.10]* 1.12 [0.63–1.96] 0.45 [0.34–0.61]* 0.59 [0.29–1.18] 0.74 [0.44–1.26]

Stroke 0.86 [0.64–1.16] 1.27 [0.71–2.26] 1.93 [1.43–2.61]* 2.22 [1.02–4.83]* 0.97 [0.57–1.65]
Coronary artery disease 1.04 [0.81–1.34] 2.12 [1.24–3.63]* 1.20 [0.94–1.52] 0.79 [0.42–1.50] 1.44 [0.88–2.35]
Chronic heart failure 0.93 [0.72–1.22] 1.01 [0.58–1.76] 1.22 [0.94–1.58] 1.52 [0.76–3.04] 0.70 [0.42–1.18]
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loss was reported by a few previous studies [8–12]. Those 
studies demonstrated that the prevalence of coronary artery 
disease and chronic heart failure was 29–68% and 17–38% 
[8–12], almost consistent with our findings. On the other 
hand, stroke seemed more prevalent in the current study 
population than in their study population [9]. This might 
reflect the characteristic of a Japanese population, which has 
a higher incidence of stroke relative to coronary artery dis-
ease than a Caucasian population [13]. One research group 
reported that the prevalence of retinopathy was around 40% 
in a diabetic CLI population in whom a majority (~ 90%), 
but not all, suffered from tissue loss [14]. Although the data 
with the population limited to Fontaine stage IV were not 
presented, the prevalence seemed broadly similar to that 
in our study population. The prevalence of end-stage renal 
disease on regular dialysis varied considerably with the 
report, ranging from ~ 5 to ~ 50% [8, 12, 14], which might 
be affected by the health insurance system in each country.

Stroke and coronary artery disease were much more prev-
alent in the current study population compared to a general 
diabetic population in Japan [4–7]. Since CLI, stroke, and 
coronary artery disease are all manifestations of atheroscle-
rosis, it would be no surprise that the three conditions com-
monly overlap with one another. Indeed, it is well recognized 
that patients with CLI have a high prevalence of stroke and 
coronary artery disease [1]. The current study did not detect 
any significant association between the prevalence of these 
cardiovascular diseases and duration of diabetes. The finding 
might be explained by the fact that the impact of hypergly-
cemia on the increased risk of cardiovascular diseases can 
be observed even in the early stage of diabetes [15, 16]. The 
prevalence of cardiovascular diseases was rather related to 
sex, age, and hypertension, indicating that the likelihood that 
diabetic CLI patients are exposed to other cardiovascular 
diseases would vary with these concurrent cardiovascular 
risk factors.

The prevalence of proliferative diabetic retinopathy 
and end-stage renal disease on regular dialysis in the study 
population exceeded that of the overall retinopathy and 
nephropathy in a general diabetic population [13], indicating 
that the advanced stage of microangiopathy would be much 
more prevalent in a diabetic CLI population than in a general 
diabetic population. One possible explanation of this would 
be a longer duration of diabetes in CLI patients. Indeed, the 
prevalence of the advanced stage of microangiopathy was posi-
tively associated with the duration of diabetes in the current 
study population. However, it should be noted that the preva-
lence was as high as ~ 30% even in patients with duration of 
diabetes < 10 years. Given that the duration of diabetes was 
referred to as the time from diagnosis, the exposure time to 
diabetes would be much longer than the recorded duration of 
diabetes in patients whose diabetes was left undiagnosed for 
long years. Such patients might be prevalent in a diabetic CLI 

population. In addition, diabetes might be poorly controlled 
even after its diagnosis in the population. The prevalence of the 
advanced stage of microangiopathy seemed higher, even com-
pared to patients with other cardiovascular diseases [17–19]. 
The natural history of progression of diabetes-related compli-
cations might be different between CLI patients and those with 
other cardiovascular diseases.

Several study limitations should be mentioned. First, the 
current study was a retrospective single-center research. 
Future multicenter prospective studies with a larger sample 
size will be needed to validate the current findings. Second, 
we surveyed the clinical data till 2010 and did not include 
more recent data, simply because most reports on the clini-
cal characteristics of other diabetic populations in Japan 
were often based on the data up to ~ 2010. Consequently, 
this strategy enabled us to compare our data to those of the 
contemporary populations. On the other hand, our study left 
the most recent trends unevaluated. Third, the type of diabe-
tes was seldom clarified in the medical records, and the data 
were unavailable in this retrospective study. Future studies 
prospectively collecting these data are needed. Fourth, the 
current study analyzed a database of patients undergoing 
endovascular therapy, and did not include those undergoing 
surgical reconstruction. However, our previous observational 
study indicated that the clinical backgrounds were broadly 
similar between the two treatment groups [2]. Although a 
similar survey on patients undergoing surgical reconstruc-
tion will be needed, the clinical characteristics might not be 
substantially different.

In conclusion, the current retrospective study demon-
strated the clinical characteristics of Japanese diabetic 
patients with CLI presenting Fontaine stage IV in the real-
world settings. The advanced stage of diabetes-related com-
plications was prevalent, even in those in whom diabetes was 
diagnosed less than a decade before.
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