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Original Article

Aim: This study aimed to reveal the mortality risk by age in patients undergoing femoropopliteal endovascular 
therapy for intermittent claudication, in comparison to the national age-specific standard value.

Methods: We analyzed 2056 patients undergoing endovascular therapy for moderate to severe intermittent 
claudication between 2010 and 2018, performed at five cardiovascular centers in Japan. The 3-year mortality risk 
by age was compared with the data from year- and sex-matched Japanese citizens, which were obtained from 
Japan’s national life table data. Clinical characteristics associated with age in the study patients were also 
explored. 

Results: The mean age was 73±9 years. The 3-year mortality risk was increased with age in the patient 
population, from 6.4% for patients aged ＜65 years to 21.2% for those aged ≥ 85 years. On the contrary, its risk 
ratio relative to the matched citizens of the same age was decreased with age; the relative risk ratio was 3.08 for 
patients aged ＜65 years (P=0.001) and 0.60 for those aged ≥ 85 years (P=0.016). Current smoking, body mass 
index ≥ 25 kg/m2, hyperlipidemia, diabetes mellitus, and dialysis dependence were inversely associated with age 
(all P＜0.05). 

Conclusion: Mortality risk increased with age, but the risk ratio relative to the matched citizens decreased with 
age. Younger patients had a higher mortality risk relative to the matched citizens, whereas patients aged ≥ 85 
years had a lower mortality risk relative to the matched citizens. Younger patients were more likely to accumulate 
cardiovascular risk factors.

endovascular therapy in older patients. 
Age is a well-known risk factor for mortality in 

various populations, and there is no exception in a 
population with peripheral artery disease 5). 
Furthermore, many previous studies have reported 
that the mortality risk of patients with intermittent 
claudication is two to three times higher than that of 
the general population with adjustment for age6, 7). In 
this context, older patients with intermittent 

Introduction

Femoropopliteal stenosis or occlusion is the most 
common lesion associated with intermittent 
claudication 1). The prevalence of intermittent 
claudication increases with age 2). Currently, 
endovascular therapy is considered the first-line 
revascularization strategy for femoropopliteal lesions3, 4). 
In aging societies, it has become common to perform 
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disease on dialysis, included both hemodialysis and 
peritoneal dialysis. Chronic heart failure was 
determined when patients had a history of 
hospitalization due to heart failure or received 
treatments for heart failure. Body mass index (BMI) 
was classified into ＜18.5 (lean), 18.5 to 25, and ≥ 25 
kg/m2 (obese). The severity of intermittent 
claudication was classified as moderate (Rutherford 
category 2) and severe (Rutherford category 3)4). 

Statistical Analysis
Data were given as means and standard 

deviations for continuous variables or as frequencies 
and percentages for discrete variables, if not otherwise 
mentioned. A P value of ＜0.05 was considered 
statistically significant, and 95% confidence intervals 
were reported when appropriate. The Kaplan-Meier 
method was used to estimate the 3-year cumulative 
incidence rate of mortality in the overall study 
population, and in subgroups aged ＜65 years, 65 to 
69 years, 70 to 74 years, 75 to 79 years, 80 to 84 
years, and ≥ 85 years. The 3-year cumulative incidence 
rate of mortality was subsequently compared with that 
of the year- and sex-matched Japanese citizens, which 
was derived from Japan’s national life table data 
published by the Ministry of Health, Labor, and 
Welfare 13). As a sensitivity analysis, the 3-year 
mortality risk by age and its comparison to the year- 
and sex-matched citizens was also analyzed using the 
smoothing spline model. A series of the analyses on 
mortality were also performed in the male subgroup 
and in the female subgroup separately. Finally, we 
explored the association of clinical features with age, 
by fitting an analysis of variance model stratified with 
sex. The 95% confidence intervals of the respective 
estimates were obtained from the 2000-time 
bootstrapping method. All statistical analyses were 
performed using R version 3.6.0 (R Development 
Core Team, Vienna, Austria).

Results

The clinical characteristics of the study 
population are shown in Table 1. The mean age was 
73±9 years old, and 72.5% were male. Within 3-year 
follow-ups, 213 deaths were observed. The 3-year 
cumulative incidence rate of all-cause mortality was 
19.4% (95% confidence interval, 17.3% to 21.6%) in 
the overall study population. The corresponding value 
for the year- and sex-matched citizens was 10.1% 
(9.7% to 10.5%), indicating that the overall study 
population with intermittent claudication had a 
higher mortality risk than the year- and sex-matched 
citizens, with a relative risk ratio of 2.13 (1.86 to 2.44) 

claudication are often referred as a high-risk 
population with poor prognosis8, 9). However, the age-
adjusted comparison did not mean an age-specific 
comparison but merely presented features that were 
averaged across all age groups. It remained unknown 
whether every age group of the population undergoing 
femoropopliteal endovascular therapy for intermittent 
claudication would have a similarly high mortality risk 
relative to the national age-specific standard value. 

Aim

The aim of this study was to reveal the mortality 
risk by age in patients undergoing femoropopliteal 
endovascular therapy for intermittent claudication.

Methods

We used a multicenter re trospective longitudinal 
database of 2056 consecutive patients undergoing 
femoropopliteal endovascular therapy for intermittent 
claudication, with a median follow-up period of 3.1 
years. All patients presented with moderate to severe 
intermittent claudication (Rutherford category 2 and 
3) and underwent endovascular therapy for de novo 
lesions, including lesions from the superficial femoral 
artery to the proximal popliteal artery, between 2010 
and 2018 at five cardiovascular centers in Japan. 

The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
institutional review boards of the participating 
institutions. Because the study was a retrospective 
analysis of existing data, the need for informed 
consent was waived by the institutional review boards, 
in accordance with the Ethical Guidelines for Medical 
and Health Research Involving Human Subjects in 
Japan. 

The dete rmination of cardiovascular risk factors 
was based on the clinical diagnosis according to 
domestic clinical guidelines. In brief, the presence of 
hypertension was defined for those who received 
antihypertensive treatments or those who presented 
with systolic blood pressure ≥ 140 mmHg or diastolic 
blood pressure ≥ 90 mmHg10). Hyperlipidemia was 
defined for those that received antihyperlipidemic 
treatments or those who had fasting triglyceride levels 
≥ 150 mg/dL, fasting low-density lipoprotein 
cholesterol levels ≥ 140 mg/dL, or non-high-density 
lipoprotein cholesterol levels ≥ 170 mg/dL11). Diabetes 
mellitus was defined for those that received 
antidiabetic treatment or those who had fasting 
plasma glucose levels ≥ 126 mg/dL, casual plasma 
glucose levels ≥ 200 mg/dL, or hemoglobin A1c levels 
≥ 6.5%12). Dialysis dependence, i.e., end-stage renal 
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citizens of the same age group, its relative risk ratio 
decreased with age. Patients aged ＜65 years had a 
higher mortality risk than the year- and sex-matched 
citizens (relative risk ratio, 3.08 [1.67 to 4.69]; 
P=0.001), whereas those aged ≥ 85 years had a lower 
mortality risk (relative risk ratio, 0.60 [0.35 to 0.90]; 
P=0.016). The corresponding relative risk ratios were 

(P＜0.001). 
As summarized in Table 2, the 3-year mortality 

risk increased with age in overall patients with 
intermittent claudication, from 6.4% (3.6% to 9.4%) 
for the subgroups aged ＜65 years to 21.2% (13.6% 
to 29.1%) for those aged ≥ 85 years. On the contrary, 
when compared with the year- and sex-adjusted  

Table 1. Characteristics of the study population

n 2056
Age (years) 73±9
Male sex 1490 (72.5%)
Current smoker 795 (38.7%)
Body mass index
＜18.5 kg/m2 228 (11.1%)
18.5 to 25 kg/m2 1384 (67.3%)
≥ 25 kg/m2 444 (21.6%)

Hypertension 1769 (86.0%)
Hyperlipidemia 1224 (59.5%)
Diabetes mellitus 1125 (54.7%)
Dialysis dependence 441 (21.4%)
Chronic heart failure 293 (14.3%)
Coronary artery disease 1211 (58.9%)
Cerebrovascular disease 387 (18.8%)
Severe claudication (Rutherford 3) 1308 (63.6%)

Data are shown as means±standard deviations, or frequencies (percentages). 

Table 2. Age and 3-year mortality risk

Population Age group
n of study 
patients

3-year mortality incidence 
rate of study patients

3-year mortality incidence rate 
of year- and sex-matched citizens

Relative risk ratio versus year- 
and sex-matched citizens

Overall ＜65 years 303 6.4% [3.6% to 9.4%] 2.2% [2.0% to 2.3%] 3.08 [1.67 to 4.69] (P=0.001)
65 to 69 years 338 10.9% [7.2% to 14.7%] 4.1% [3.9% to 4.2%] 2.88 [1.82 to 4.09] (P＜0.001)
70 to 74 years 476 11.4% [8.3% to 14.7%] 6.2% [6.1% to 6.4%] 1.93 [1.36 to 2.60] (P＜0.001)
75 to 79 years 435 14.3% [10.6% to 18.2%] 10.3% [10.0% to 10.6%] 1.46 [1.03 to 1.93] (P=0.034)
80 to 84 years 331 19.4% [14.8% to 24.4%] 18.1% [17.5% to 18.7%] 1.09 [0.79 to 1.46] (P=0.65)
≥ 85 years 173 21.2% [13.6% to 29.1%] 31.0% [29.6% to 32.4%] 0.60 [0.35 to 0.90] (P=0.016)

Male ＜65 years 228 6.5% [3.4% to 10.0%] 2.5% [2.4% to 2.6%] 2.69 [1.34 to 4.30] (P=0.01 0)
65 to 69 years 262 9.0% [5.3% to 13.4%] 4.7% [4.6% to 4.8%] 2.00 [1.14 to 3.12] (P=0.018)
70 to 74 years 358 11.1% [7.6% to 15.0%] 7.2% [7.1% to 7.3%] 1.61 [1.05 to 2.28] (P=0.024)
75 to 79 years 306 14.8% [10.2% to 19.8%] 12.2% [11.9% to 12.4%] 1.25 [0.83 to 1.77] (P=0.27)
80 to 84 years 233 21.6% [15.4% to 27.9%] 20.9% [20.5% to 21.3%] 1.04 [0.70 to 1.46] (P=0.83)
≥ 85 years 103 25.9% [15.4% to 37.8%] 35.4% [34.1% to 36.7%] 0.64 [0.34 to 1.09] (P=0.10)

Female ＜65 years 75 5.9% [1.3% to 12.6%] 1.0% [0.9% to 1.1%] 6.03 [1.25 to 13.8] (P=0.037)
65 to 69 years 76 17.7% [8.5% to 28.3%] 1.9% [1.9% to 2.0%] 11.0 [4.78 to 20.2] (P＜0.001)
70 to 74 years 118 12.0% [5.6% to 18.5%] 3.3% [3.2% to 3.4%] 4.05 [1.79 to 6.78] (P=0.002)
75 to 79 years 129 13.4% [6.9% to 20.6%] 5.9% [5.7% to 6.1%] 2.47 [1.18 to 4.14] (P=0.026)
80 to 84 years 98 14.1% [6.8% to 23.0%] 11.4% [11.0% to 11.9%] 1.27 [0.56 to 2.28] (P=0.51)
≥ 85 years 70 14.6% [4.7% to 25.8%] 24.6% [22.7% to 26.9%] 0.52 [0.15 to 1.05] (P=0.071 )

Data are estimates [95% confidence intervals].
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endovascular therapy due to intermittent claudication, 
in comparison to year- and sex-matched citizens. The 
mortality risk was increased with age within the 
patient population, but its risk ratio relative to the 
year-, sex-, and age-matched citizens was decreased 
with age. Younger patients had a higher mortality risk 
than the matched citizens, whereas patients aged ≥ 85 
years had a lower mortality risk than the matched 
citizens. These trends were similar re gardless of sex, 
although the relative risk ratios in each sex group had 
wide 95% confidence intervals and did not reach 
statistical significance for age ≥ 85 years, probably due 
to insufficient sample size. Younger patients were more 
likely to accumulate cardiovascular risk factors. 

Endovascular therapy for peripheral artery disease 
has been widely spread in recent years14-22). In the 
aging societies, it has become common to perform 
endovascular therapy in older patients for intermittent 
claudication in clinical practice. It is of clinical 
importance to clarify their clinical features and 
prognosis. 

Age was inversely associated with smoking, 

2.69 (1.34 to 4.30) (P=0.010) for age ＜65 years and 
0.64 (0.34 to 1.09) (P=0.10) for age ≥ 85 years in the 
male subgroup, and 6.03 (1.25 to 13.8) (P=0.037) 
for age ＜65 years and 0.52 (0.15 to 1.05) (P=0.071) 
for age ≥ 85 years in the female subgroup (Table 2). 
Similar findings were observed when analyzing with 
the smoothing spline (Fig.1). 

Table 3 demonstrates the association of clinical 
features with age. Smoking, BMI ≥ 25 kg/m2, 
hyperlipidemia, diabetes mellitus, and dialysis 
dependence were inversely associated with age. The 
association of these clinical features with age was 
independent of one another, suggesting that their 
effect on age was additive. Indeed, patients with more 
of the clinical features were younger (upper panel in 
Fig.2), and younger age groups accumulated more of 
the clinical features (lower panel in Fig.2). 

Discussion

This study demonstrated the mortality risk by 
age for patients undergoing femoropopliteal 

Fig.1. Mortality risk by age in the study patients and comparison with year- and sex-matched citizens

Data are estimates (bold lines) and 95% confidence intervals (dashed lines) in the overall population (A), male population (B), and female 
population (C). Upper panels show the 3-year cumulative incidence rate of all-cause mortality corresponding to ages in the study patients 
with intermittent claudication (red lines) and the year- and sex-matched citizens derived from the life table data of the Japanese citizens (blue 
lines). Lower panels show the risk ratio for the 3-year mortality relative to the year- and sex-adjusted citizens of the same age in the study 
patients with intermittent claudication. 
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Table 3. Clinical features associated with age

Crude regression coefficient Adjusted regression coefficient

Current smoker -2.6 [-3.4 to -1.9] (P＜0.001) -3.1 [-3.8 to -2.4] (P＜0.001)
Body mass index

＜18.5 kg/m2 0.0 (Reference) 0.0 (Reference)

18.5 to 25 kg/m2 -0.6 [-1.7 to 0.6] (P=0.32) -0.9 [-2.0 to 0.3] (P=0.12)

≥ 25 kg/m2 -2.5 [-3.8 to -1.1] (P＜0.001) -2.8 [-4.1 to -1.5] (P＜0.001)

Hypertension 0.6 [-0.5 to 1.7] (P=0.32) 1.0 [-0.1 to 2.1] (P=0.070)

Hyperlipidemia -0.4 [-1.2 to 0.3] (P=0.26) -0.9 [-1.7 to -0.2] (P=0.011)

Diabetes mellitus -2.9 [-3.7 to -2.2] (P＜0.001) -2.4 [-3.1 to -1.7] (P＜0.001)

Dialysis dependence -4.7 [-5.7 to -3.8] (P＜0.001) -5.1 [-6.1 to -4.2] (P＜0.001)

Chronic heart failure -1.1 [-2.2 to 0.0] (P=0.060) -0.6 [-1.7 to 0.5] (P=0.25)

Coronary artery disease -0.6 [-1.4 to 0.2] (P=0.14) 0.3 [-0.5 to 1.0] (P=0.52)

Cerebrovascular disease 0.7 [-0.2 to 1.6] (P=0.13) 0.6 [-0.3 to 1.4] (P=0.17)
Rutherford 3 versus 2 -0.8 [-1.6 to -0.1] (P=0.020) -0.5 [-1.2 to 0.2] (P=0.18)

Data are regression coefficients and 95% confidence intervals (P values). Crude regression coefficients were derived from the respective 
univariate analysis of variance models stratified by sex, whereas adjusted regression coefficients were from the multivariate analysis of 
variance model in which all explanatory variables listed in the table were entered.

Fig.2. Age and accumulation of clinical factors associated with younger age

Data are the proportion of respective age categories according to the number of clinical factors associated with younger ages (upper panel) and 
that of respective numbers of clinical factors associated with younger ages according to the age categories (lower panel). The clinical factors 
associated with younger age were 1) current smoking, 2) body mass index ≥ 25 kg/m2, 3) hyperlipidemia, 4) diabetes mellitus, and 5) dialysis-
dependent renal failure (see Table 3).
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practice, revascularization will not be indicated when 
patients are very frail or have more severe 
comorbidities. Patients undergoing revascularization 
could be more energetic and have a lower mortality 
risk than those patients. Patients undergoing 
revascularization might be also more likely to receive 
optimal medical therapy at hospitals, which might 
lower the mortality risk. Second, the analysis only 
demonstrated a cross-sectional relationship between 
clinical features and age. Although the association of 
clinical profiles with age is suggestive of mechanisms 
of the disease onset, the causal relationships between 
these clinical profiles and disease onset remain unclear. 
Third, detailed information about comorbidities was 
limited. Data about past smoking and control of 
cardiovascular risk factors were not available. Fourth, 
this study analyzed Japanese patients. It remains 
unknown whether similar findings would be observed 
in other ethnic populations. Future studies in other 
countries are necessary to validate the current findings.

Conclusion

The mortality risk increased w ith age in patients 
undergoing femoropopliteal endovascular therapy due 
to intermittent claudication, but the risk ratio relative 
to the year-, sex-, and age-matched citizens decreased 
with age. Younger patients had a higher mortality risk 
than the matched citizens, whereas patients aged ≥ 85 
years had a lower mortality risk than the matched 
citizens. Younger patients were more likely to 
accumulate cardiovascular risk factors.
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