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Abstract
An inverse correlation between body mass index and mortality in patients with peripheral artery disease (PAD) has been 
reported. However, little information is available regarding the impact of body composition on the clinical outcomes in 
patients with PAD. This study evaluated the relationships between the lean body mass index (LBMI), body fat % (BF%), and 
mortality and major amputation rate in patients with PAD. We evaluated 320 patients with PAD after endovascular treatment 
(EVT) enrolled from August 2015 to July 2016 and divided them into low and high LBMI and BF% groups based on their 
median values (17.47 kg/m2 and 22.07%, respectively). We assessed 3-year mortality and major amputation for the following 
patient groups: Low LBMI/Low BF%, Low LBMI/High BF%, High LBMI/Low BF%, and High LBMI/High BF%. During 
the median 3.1-year follow-up period, 70 (21.9%) patients died and 9 (2.9%) patients experienced major amputation. The 
survival rate was lower in the Low LBMI than in the High LBMI group, and was not significantly different between the Low 
and High BF% groups. Survival rates were lowest in the Low LBMI/Low BF% group (57.5%) and highest in the High LBMI/
High BF% group (94.4%). There were no significant differences in major amputation rate between the Low LBMI and High 
LBMI groups, and between the Low BF% and High BF% groups. The Low LBMI and Low BF% groups were associated 
with an increased risk of mortality after adjustment for age, sex, frailty and conventional risk factors [hazard ratio (HR): 
4.02; 95% confidence interval (CI) 2.10–7.70; p < 0.001 and HR: 4.48; 95% CI 1.58–12.68, p = 0.005, respectively], for age, 
sex, hemodialysis, and prior cerebral cardiovascular disease (HR: 3.63; 95% CI 1.93–6.82; p < 0.001 and HR: 4.03; 95% 
CI 1.43–11.42, p = 0.009, respectively) and for age, sex, and laboratory date (HR: 3.97; 95% CI 1.88–8.37; p < 0.001 and 
HR: 3.31; 95% CI 1.15–9.53, p = 0.026, respectively). In conclusion, Low LBMI and Low BF% were associated with poor 
prognosis in patients undergoing EVT for PAD, and mortality was the lowest in the High LBMI/High BF% group compared 
with other body composition groups.
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Introduction

Peripheral artery disease (PAD) is recognized as a part of 
systemic atherosclerotic diseases that may impair quality 
of life by inducing pain while walking and is associated 
with a poor prognosis [1, 2]. The body mass index (BMI) 
has reported to be prognostic factors for patients with 
PAD in several studies [3–6]; however, understanding the 
BMI is difficult because of the “obesity paradox,” i.e., the 
inverse correlation between mortality from cardiovascu-
lar disease and BMI [3, 7, 8]. From this knowledge, the 
evaluation of body composition [9, 10], with respect to 
estimation of fat and fat-free mass, might be important 
for assessing the long-term outcome of atherosclerotic 
disease. Indeed, a relationship between the composite 
of lean body mass (LBM) and body fat (BF) and disease 
prognosis, especially in patients with coronary heart dis-
ease (CHD), has been already reported [11]. However, 
few studies have assessed the impact of body composi-
tion, which is composed of LBM and BF, on the clinical 
outcomes of patients with PAD. Thus, the evaluation of 
the composite of LBM and BF is also important to predict 
the clinical outcomes of patients with PAD. The purpose 
of this study was to evaluate the impact of the LBM index 
(LBMI) and BF percentage (BF%) on the 3-year mortality 
and major amputation rate in patients with PAD who were 
undergoing endovascular treatment (EVT).

Materials and methods

This study was a sub-analysis of data from the NAGANO 
(I-PAD NAGANO) registry, which was a multi-center, 
prospective, and observational study in Nagano, Japan 
with the aim of improving disease prognosis in patients 
undergoing EVT for PAD. All patients with symptomatic 
PAD who would be undergoing EVT were enrolled. There 
were no exclusion criteria. From August 2015 to July 
2016, 337 consecutive patients from 11 institutes in the 
Nagano prefecture were enrolled in the I-PAD registry. 
After obtaining informed consent from all study partici-
pants, we recorded their baseline clinical characteristics, 
including sex, age, comorbidities, medical history, and 
medications at discharge. Moreover, we performed blood 
tests, the ankle-brachial index (ABI) test before EVT. 
Patients were followed prospectively and follow-up data 
were obtained from hospital charts, directly from patients, 
or the attending physician 3 years after EVT. Out of 337 
patients in the I-PAD registry, 320 patients with enough 
information for LBMI, BF%, and follow-up data to do the 
analysis for the study were included in this study. Using 

the median values for LBMI (17.47  kg/m2) and BF% 
(22.07%) as cutoff values, the 320 enrolled patients were 
divided into Low and High LBMI and BF% groups. In 
addition, the patients were categorized into Low LBMI/
Low BF%, Low LBMI/High BF%, High LBMI/Low BF% 
and High LBMI/High BF% groups. The study primary 
endpoint was all-cause mortality and secondary endpoint 
was major amputation rate. We statistically assessed the 
correlation of LBMI and BF% with mortality and major 
amputation rate. Major amputation was defined as an 
amputation above the ankle.

The present study was approved by the medical eth-
ics committee of Shinshu University School of Medi-
cine, Japan. As stated above, all patients provided writ-
ten informed consent before enrollment. The study was 
registered with the University Hospital Medical Infor-
mation Network Clinical Trials Registry (UMIN-CTR), 
as accepted by the International Committee of Medical 
Journal Editors (No. UMIN000018297). All investigators 
performed this study in accordance with the Declaration 
of Helsinki.

Physical and physiological characteristics of each 
patient were defined as follows: BMI was calculated 
as body weight (BW) (kg) divided by height squared 
(m2). BW was measured on admission. LBM was cal-
culated using the formula described by Janmahasa-
tian et  al.: LBM in males = 9.27 × 103 × BW (kg)/
(6.68 × 103 + 216 × BMI); LBM in females = 9.27 × 103 × BW 
(kg)/(8.78 × 103 + 244 × BMI). The LBMI was calculated 
as LBM (kg) divided by the height squared (m2) [12]. BF 
was calculated as LBM (kg) subtracted from BW (kg) and 
BF% was defined as BF (kg) × 100/BW (kg). The Clinical 
Frailty Scale is a well-established assessment tool of frailty 
which originated from Dalhousie University in Canada, and 
ranges from 1 (very fit) to 8 (severely frail) and 9 (termi-
nally ill) [13]. In this study, frailty was defined as a Clini-
cal Frailty score > 4 [13, 14]. Hypertension was defined as 
systolic blood pressure ≥ 140 mmHg, diastolic blood pres-
sure ≥ 90 mmHg, or ongoing therapy for hypertension. Dys-
lipidemia was defined as a low-density lipoprotein choles-
terol concentration ≥ 140 mg/dL, a high-density lipoprotein 
cholesterol concentration < 40 mg/dL, a triglyceride concen-
tration ≥ 150 mg/dL, a previous diagnosis of dyslipidemia, 
or current treatment with lipid lowering agents. Diabetes 
mellitus was defined as a hemoglobin A1c level ≥ 6.5%, 
fasting plasma glucose ≥ 126 mg/dL, 2 h plasma glucose 
level ≥ 200 mg/dL after a 75 g oral glucose tolerance test, 
non-fasting plasma glucose ≥ 200 mg/dL, a previous diag-
nosis of diabetes mellitus, or treatment with oral hypogly-
cemic agents or insulin injections. Critical limb ischemia 
(CLI) was defined as Rutherford category 4, 5, or 6 [15]. 
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the following formula: for males, eGFR (mL/
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min/1.73m2) = 194 × creatinine −1.094 × age−0.287; for females, 
eGFR = 194 × creatinine −1.094 × age−0.287 × 0.739 [16].

Continuous variables were expressed as means ± stand-
ard deviation if normally distributed and as medians with 
interquartile ranges if other than normal. Categorical vari-
ables were presented as numbers and %. Continuous vari-
ables were compared using the unpaired Student’s t test or 
one-way analysis of variance if normally distributed, and the 
Mann–Whitney U test or the Kruskal–Wallis test was used 
for non-normal distributions. Comparisons of categorical 
variables were conducted using Fisher’s exact tests. The sur-
vival rates were calculated using the Kaplan–Meier method 
and compared by the log-rank test. Cox proportional hazards 
regression analysis was performed to evaluate the prognos-
tic significance of LBMI and BF%. Multivariate analysis 
was performed by multiple models to adjust for the effects 
of baseline risk factors for mortality. LBMI and BF% were 
adjusted for potential confounders without strong correla-
tion with other variables. Model 1 was adjusted for age, sex, 
frailty, current smoking, hypertension and diabetes mellitus. 
Model 2 was adjusted age, sex, hemodialysis, prior stroke, 
prior myocardial infarction and prior heart failure hospi-
talization. Model 3 was adjusted for age, sex and laboratory 
data (levels of hemoglobin, albumin, eGFR and C-reactive 
protein). A p value < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed with EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria) [17].

Results

The baseline characteristics of the patients are listed in 
Table 1. During the median 1135 day (3.1 year) follow-
up period (interquartile range 1.8–3.4 years) for the 320 
patients, all-cause death was observed in 70 patients 
(21.9%). Follow-up rates at 1 year, 2 years and 3 years were 
95.6%, 88.8% and 79.7%, respectively. The values for BMI 
and LBMI in non-survivors were significantly lower than 
those in survivors. The value of BF% tended to be lower in 
non-survivors than in survivors, but there was no significant 
difference between the two groups. The % of female and frail 
patients was greater in the non-survivor than in the survivor 
groups. The non-survivor group contained a higher % of 
patients with certain comorbidities and CLI compared to 
the survivor group. Non-survivors had a lower ABI of the 
index limb than survivors. The laboratory tests showed that 
non-survivors had lower levels of hemoglobin, albumin, and 
eGFR and higher levels of C-reactive protein and B-type 
natriuretic peptide than survivors.

Table 2 shows the baseline characteristics for the 4 patient 
groups that were based on high and low LBMI and BF%. 

There were significant differences between the groups for 
age, frailty, smoking status, dyslipidemia, prior myocardial 
infarction and HF hospitalization, ABI, CLI, levels of hemo-
globin and albumin, high-density lipoprotein cholesterol, 
triglycerides, and B-type natriuretic peptide.

Kaplan–Meier analysis indicated that the probability of 
survival was lower for patients in the Low LBMI group than 
in the High LBMI group (Fig. 1a). There was no difference 
in the probability of survival between patients in the Low 
BF% and High BF% groups (Fig. 1b).

Figure 2 shows the survival curves for the 4 LBMI/BF 
combination groups. Probability of survival was signifi-
cantly highest in the High LBMI/High BF% group of the 
4 groups. Patients in the High LBMI/Low BF% group had 
a higher probability of survival than in both Low LBMI 
groups. There was no significant difference in survival 
between the Low LBMI/ High BF% and Low LBMI/ Low 
BF% groups.

There was no significant difference in freedom from 
major amputation rate between patients in the Low LBMI 
and High LBMI groups (Fig. 3a), that was similar between 
patients in the Low BF% and the High BF% (Fig. 3b). Simi-
larly, there was no significant difference in freedom from 
major amputation among the 4 LBMI/BF% combination 
groups (Fig. 4).

Table 3 shows the multivariate Cox proportional haz-
ards analysis for all enrolled patients. Both low LBMI and 
low BF% predicted mortality after adjustment for age, sex, 
frailty, current smoking, hypertension and diabetes mellitus. 
Similarly, in the model 2 adjusted for age, sex, hemodialy-
sis, prior stroke, prior myocardial infarction and prior heart 
failure hospitalization, and model 3 adjusted for age, sex, 
and levels of hemoglobin, albumin, eGFR and C-reactive 
protein, both low LBMI and low BF% also predicted mortal-
ity. In addition, the same analysis was performed for patients 
with claudication (except CLI) (Table 4). In the patients with 
claudication, a low LBMI was also an independent risk fac-
tor for mortality in the all models. Although a low BF% did 
not predict mortality in the model 3, a low BF% increased 
the risk of mortality.

Discussion

In this study, we have shown that a low LBMI and BF% 
are positively associated with mortality in patients who 
underwent EVT for PAD. A low LBMI was associated with 
survival of PAD patients; however, the association for BF% 
was limited. When assessing combinations of LBMI and 
BF%, the High LBMI/High BF% and Low LBMI/Low BF% 
groups had the least and highest mortality, respectively. In 
addition, a low LBMI and BF% were significantly associ-
ated with mortality after adjustment for confounders. Similar 
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Table 1   Baseline characteristics of the study population

Values are means ± standard deviation, medians (interquartile range), or n (%)
ABI ankle-brachial index, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, BF% body fat percentage, BMI 
body mass index, BNP B-type natriuretic peptide, CFS clinical frailty scale, eGFR estimated glomerular filtration rate, HDL high-density lipo-
protein, HF heart failure, LBMI lean body mass index, LDL low-density lipoprotein, TASC Trans-Atlantic Inter-Society Consensus for the Man-
agement of peripheral arterial disease

Overall
(n = 320)

Survivors
(n = 250)

Non-survivors
(n = 70)

p value

Age (years) 73.5 ± 9.0 72.6 ± 9.1 76.4 ± 8.3 0.002
Female, n (%) 83 (25.9) 58 (23.2) 25 (35.7) 0.044
BMI (kg/m2) 22.1 [20.1, 24.6] 22.8 [20.8, 25.1] 20.3 [18.5, 22.2]  < 0.001
LBMI (kg/m2) 17.5 [15.3, 18.7] 17.8 [16.1, 19.0] 15.9 [14.1, 17.4]  < 0.001
BF% 22.1 [18.0, 28.5] 22.5 [18.7, 27.2] 19.5 [15.0, 31.4] 0.063
Frailty (CFS ≥ 5), n (%) 82 (25.6) 46 (18.4) 36 (51.4)  < 0.001
Current smoker, n (%) 41 (12.8) 36 (14.9) 5 (7.6) 0.153
Comorbidities
 Hypertension, n (%) 265 (80.0) 208 (83.2) 55 (78.6) 0.38
 Dyslipidemia, n (%) 194 (60.6) 161 (64.4) 32 (45.7) 0.006
 Diabetes mellitus, n (%) 165 (51.6) 122 (49.0) 43 (61.4) 0.079
 Hemodialysis, n (%) 76 (23.8) 45 (18.0) 30 (42.9)  < 0.001
 Prior stroke, n (%) 65 (20.3) 51 (20.4) 14 (20.0) 1.00
 Prior myocardial infarction, n (%) 56 (17.5) 36 (14.4) 20 (28.6) 0.012
 Prior HF hospitalization, n (%) 44 (13.8) 23 (9.2) 21 (30.0)  < 0.001
 Atrial fibrillation, n (%) 59 (18.4) 40 (16.0) 18 (25.7) 0.078

Lower limb and procedure characteristics
 ABI of index limb 0.64 [0.55, 0.76] 0.65 [0.56, 0.79] 0.58 [0.49, 0.66]  < 0.001
 Critical limb ischemia, n (%) 114 (35.6) 69 (27.6) 45 (64.3)  < 0.001
 TASC-II classification C/D, n (%) 148 (46.2) 110 (44.0) 38 (54.3) 0.137
 Stent placement, n (%) 251 (78.4) 200 (80.0) 51 (72.9) 0.25
 Number of stents 1 [1, 2] 1 [1, 2] 1 [0, 2] 0.179

Laboratory data
 Hemoglobin (g/dL) 13.0 [11.5, 14.5] 13.6 [11.9, 14.7] 11.3 [10.7, 12.4]  < 0.001
 Albumin (g/dL) 3.9 [3.5, 4.2] 4.0 [3.7, 4.3] 3.5 [3.1, 3.7]  < 0.001
 eGFR (mL/min/1.73m2) 49.0 [18.1, 64.1] 53.0 [33.8, 66.1] 23.0 [33.8, 55.0]  < 0.001
 Total cholesterol (mg/dL) 170.0 [147.0, 192.3] 173.0 [148.5, 193.0] 159.0 [136.0, 184.0] 0.015
 HDL cholesterol (mg/dL) 48.0 [41.0, 58.0] 50.0 [42.0, 59.0] 44.5 [39.0, 55.8] 0.045
 LDL cholesterol (mg/dL) 93.5 [75.0, 115.8] 95.0 [78.0, 115.0] 89.5 [71.0, 117.0] 0.133
 Triglycerides (mg/dL) 109.0[79.0, 160.5] 113.0 [82.0, 167.5] 89.0 [66.5, 132.5] 0.003
 Hemoglobin A1c (%) 6.2 [5.8, 7.0] 6.2 [5.7, 7.0] 6.3 [5.8, 7.1] 0.69
 C-reactive protein (mg/dL) 0.17 [0.05, 0.60] 0.15 [0.05, 0.45] 0.44 [0.11, 2.09]  < 0.001
 BNP (pg/mL) 91.6 [33.3, 208.7] 69.8 [29.1, 150.0] 316.5 [109.2, 612.7]  < 0.001

Medications
 Aspirin, n (%) 258 (80.1) 204 (81.6) 52 (75.4) 0.31
 Thienopyridine, n (%) 236 (73.3) 183 (73.2) 51 (72.9) 1.00
 Cilostazol, n (%) 85 (26.4) 64 (25.6) 21 (30.0) 0.45
 Statins, n (%) 170 (53.1) 146 (58.4) 24 (34.3)  < 0.001
 ACEIs and/ or ARBs, n (%) 174 (54.4) 141 (56.4) 33 (47.1) 0.177
 Beta-blockers, n (%) 92 (28.6) 64 (25.6) 26 (37.1) 0.071
 Warfarin, n (%) 34 (10.6) 23 (9.2) 10 (14.3) 0.26
 Direct oral anticoagulants, n (%) 27 (8.4) 21 (8.4) 5 (7.1) 1.00
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Table 2   Baseline characteristics of the study population classified by high and low LBMI and BF%

Values are mean ± standard deviation, median (interquartile range), or n (%)
ABI ankle-brachial index, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, BF% body fat percentage, BMI 
body mass index, BNP B-type natriuretic peptide, CFS clinical frailty scale, eGFR estimated glomerular filtration rate, HDL high-density lipo-
protein, HF heart failure, LBMI lean body mass index, LDL low-density lipoprotein, TASC Trans-Atlantic Inter-Society Consensus for the Man-
agement of peripheral arterial disease

Low LBMI/Low BF%
(n = 78)

Low LBMI/High BF%
(n = 82)

High LBMI/Low BF%
(n = 82)

High LBMI/High BF%
(n = 82)

p value

Age (years) 74.5 ± 8.4 76.0 ± 10.0 72.3 ± 8.4 70.9 ± 8.5 0.001
Female, n (%) 0 (0.0) 82 (100.0) 0 (0.0) 1(1.3)  < 0.001
BMI (kg/m2) 19.3 [17.9, 20.4] 21.4 [19.2, 23.4] 22.6 [22.0, 23.3] 26.0 [25.1, 27.0]  < 0.001
LBMI (kg/m2) 16.5 [15.7, 17.1] 14.2 [13.2, 15.0] 18.1 [17.8, 18.4] 19.6 [19.2, 20.0]  < 0.001
BF% 14.5 [12.0, 16.4] 33.8 [31.1, 36.0] 19.8 [18.9, 20.8] 24.6 [23.4, 26.0]  < 0.001
Frailty (CFS ≥ 5), n (%) 25 (32.1) 29 (35.4) 16 (19.5) 12 (15.4) 0.008
Current smoker, n (%) 17 (23.3) 5 (6.2) 13 (16.5) 6 (8.0) 0.007
Comorbidities
 Hypertension, n (%) 58 (74.4) 68 (82.9) 69 (84.1) 68 (87.2) 0.20
 Dyslipidemia, n (%) 37 (47.4) 45 (54.9) 53 (64.6) 58 (74.4) 0.003
 Diabetes mellitus, n (%) 36 (46.1) 39 (47.6) 42 (51.2) 48 (61.5) 0.22
 Hemodialysis, n (%) 19 (24.4) 24 (29.3) 17 (20.7) 15 (19.2) 0.45
 Prior stroke, n (%) 17 (21.8) 13 (15.9) 15 (18.3) 20 (25.6) 0.44
 Prior myocardial infarction, 

n (%)
15 (19.2) 5 (6.1) 20 (24.4) 16 (20.5) 0.007

 Prior HF hospitalization, n (%) 19 (24.4) 12 (14.6) 7 (8.5) 6 (7.7) 0.010
 Atrial fibrillation, n (%) 11 (14.1) 18 (22.0) 15 (18.3) 14 (17.9) 0.65

Lower limb and procedure characteristics
 ABI of index limb 0.61 [0.49, 0.71] 0.63 [0.53, 0.74] 0.68 [0.57, 0.78] 0.68 [0.58, 0.80] 0.007
 Critical limb ischemia, n (%) 34 (43.6) 39 (47.6) 20 (24.4) 21 (26.9) 0.002
 TASC-II classification C/D, 

n (%)
45 (57.7) 38 (46.3) 31 (37.8) 34 (43.6) 0.084

 Stent placement, n (%) 62 (79.5) 59 (72.0) 66 (80.5) 64 (82.1) 0.42
 Number of stents 1 [1, 2] 1 [0, 2] 1 [1, 2] 1 [1, 2] 0.53

Laboratory data
 Hemoglobin (g/dL) 12.9 [11.5, 14.4] 11.8 [10.5, 13.2] 13.3 [11.8, 14.6] 14.4 [12.2, 15.0]  < 0.001
 Albumin (g/dL) 3.8 [3.5, 4.2] 3.7 [3.3, 4.1] 3.9 [3.6, 4.2] 4.0 [3.8, 4.4]  < 0.001
 eGFR (mL/min/1.73m2) 53.0 [17.0, 73.0] 43.0 [14.5, 60.5] 48.0 [21.7, 63.5] 55.0 [37.0, 63.4] 0.43
 Total cholesterol (mg/dL) 170.8 ± 35.9 178.6 ± 35.9 166.6 ± 33.8 168.2 ± 32.7 0.159
 HDL cholesterol (mg/dL) 49.0 [42.0, 55.0] 54.0 [44.5, 63.0] 46.0 [40.0, 54.5] 46.0[39.0, 56.5] 0.012
 LDL cholesterol (mg/dL) 92.5 [75.0, 114.5] 98.5 [80.0, 122.3] 92.5 [73.8, 116.3] 92.0 [77.0, 110.0] 0.56
 Triglycerides (mg/dL) 103.0 [76.0, 156.8] 102.0 [66.8, 141.3] 104.0 [81.0, 153.0] 137.0 [85.0, 175.0] 0.013
 Hemoglobin A1c (%) 6.2 [5.8, 6.9] 6.1 [5.8, 6.9] 6.3 [5.7, 6.9] 6.5 [5.9, 7.1] 0.20
 C-reactive protein (mg/dL) 0.18 [0.05, 1.08] 0.20 [0.05, 0.88] 0.17 [0.06, 0.48] 0.16 [0.06, 0.33] 0.39
 BNP (pg/mL) 133.6 [37.5, 434.0] 98.2 [57.9, 211.8] 96.9 [35.3, 244.8] 52.4 [22.8, 119.5] 0.004

Medications
 Aspirin, n (%) 62 (82.7) 62 (75.6) 65 (77.4) 67 (84.8) 0.44
 Thienopyridine, n (%) 59 (78.7) 55 (67.1) 60 (71.4) 60 (75.9) 0.53
 Cilostazol, n (%) 20 (26.7) 22 (26.8) 25 (29.8) 18 (22.8) 0.78
 Statins, n (%) 29 (38.7) 41 (50.0) 47 (56.0) 53 (67.1) 0.003
 ACEIs and/ or ARBs, n (%) 30 (40.0) 44 (53.7) 50 (59.5) 50 (63.3) 0.028
 Beta-blockers, n (%) 22 (29.3) 21 (25.6) 26 (31.0) 21 (26.6) 0.90
 Warfarin, n (%) 6 (8.0) 16 (19.5) 2 (2.4) 9 (11.4) 0.003
 Direct oral anticoagulants, n 

(%)
5 (6.7) 6 (7.3) 9 (10.7) 6 (7.6) 0.95
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Fig. 1   Kaplan–Meier survival 
curves of patients with PAD 
stratified by the LBMI and 
BF%. a Kaplan–Meier curves 
for probability of survival 
according to the LBMI. The 
probability of survival was 
lower for patients in the Low 
LBMI group than in the High 
LBMI group. b Kaplan–Meier 
curves for probability of 
survival according to BF%. 
There was no difference in the 
probability of survival between 
patients in the Low BF% and 
High BF% groups. BF% body 
fat %; LBMI lean body mass 
index; PAD peripheral artery 
disease
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results were observed in patients with claudication (except 
CLI). In contrast, major amputation rates were not different 
significantly according to the value of LBMI and BF%.

A retrospective cohort study reported the prognostic sig-
nificance of LBMI and BF in patients with stable CHD [11]. 
In this report, both low LBMI and BF were independent 
risk factors for a poor prognosis, and the survival rate was 
lowest in the Low LBMI/Low BF group and highest in the 
High LBMI/High BF group. Other studies demonstrated that 
lower BF [18] and a lower BF category (Gallagher classifica-
tion) after adjustment for age and sex [19] were independ-
ent risk factors for higher mortality in patients with stable 
CHD. Furthermore, in a recent report from a cardiovascular 
disease cohort that included CHD, cerebrovascular disease, 
hypertension, and heart failure, decreased LBM and BF were 
associated with increased mortality, although the protec-
tive role of muscle mass was emphasized [20]. Our results 
for patients with PAD are similar to the above studies [11, 
18–20].

This study showed that compared to a low LBMI, a high 
LBMI was associated with lower mortality in PAD patients. 
This is biologically plausible. Skeletal muscle mass has been 
reported as an important factor for improving arterioscle-
rosis. A loss of muscle mass exacerbates arteriosclerosis, 
which may lead to a poor outcome for PAD patients [21–24]. 
Moreover, a lower LBM was associated with frailty and 
decreased physical activity, both of which are major risk 
factors of mortality from cardiovascular disease and in the 
general population [25–27].

This study found that higher BF% was correlated with 
better survival in patients with PAD. However, these find-
ings do not necessarily mean that more BF equates to a 
better prognosis for PAD. Because population in this study 
consisted of Japanese patients with relatively low BF %, it 
remains unclear excess BF leads to better prognosis. The 
mechanism for the protective role of BF in PAD is unclear, 
but there are several hypotheses that may provide an expla-
nation [28, 29]. Additionally, because of the prevalence 
of obesity-related diseases, obese patients may take more 
care to prevent these diseases and receive earlier and more 
frequent medical care.

This study did not show significant association between 
major amputation rate and body composition. However, 
the number of events was small and was not significant 
enough to assess the association. Therefore, evaluation 
about the association in a larger cohort will be needed.

The strongest point of our results was the novel finding 
that assessment of the combinations of LBMI and BF% 
in patients with PAD was useful for predicting prognosis. 
This result was also observed in patients with CLI. Long-
term prognosis for PAD patients still requires improve-
ment. Devices, drugs, and overall strategies for PAD treat-
ment have limitations. Therefore, risk stratification based 
on physical information, such as the assessment of LBMI, 
BF%, and their combination, and the establishment of a 
therapeutic strategy based on such information may be an 
important means to improve the prognosis of PAD.

Fig. 2   Kaplan–Meier survival 
curve of patients categorized by 
combinations of High and Low 
LBMI and BF%. The probabil-
ity of survival was significantly 
highest in the High LBMI/High 
BF% group of the 4 groups. 
BF% body fat %; LBMI lean 
body mass index
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Fig. 3   Kaplan–Meier curves 
for major amputation of 
patients with PAD strati-
fied by the LBMI and BF%. 
a Kaplan–Meier curves for 
major amputation according to 
the LBMI. The freedom from 
major amputation was not dif-
fer significantly between Low 
LBMI and High LBMI groups. 
b Kaplan–Meier curves for 
major amputation according 
to the BF%. The freedom from 
major amputation was not differ 
significantly between Low BF% 
and High BF% groups. BF% 
body fat %; LBMI lean body 
mass index; PAD peripheral 
artery disease



1838	 Heart and Vessels (2021) 36:1830–1840

1 3

Fig. 4   Kaplan–Meier curve for 
major amputation of patients 
categorized by combinations of 
High and Low LBMI and BF%. 
There was no significant differ-
ence in the freedom from major 
amputation among the 4 groups. 
BF% body fat %; LBMI lean 
body mass index

Table 3   Univariate and 
multivariate Cox proportional 
hazards analysis for all enrolled 
patients

Model 1 is adjusted for age, sex, frailty, current smoking, hypertension and diabetes mellitus. Model 2 
includes age, sex, hemodialysis, prior stroke, prior myocardial infarction and prior heart failure hospitaliza-
tion. Model 3 includes age, sex, and levels of hemoglobin, albumin, estimated glomerular filtration rate and 
C-reactive protein
BF body fat, CI confidence interval, HR hazard ratio, LBMI lean body mass index

Low LBMI Low BF%

HR (95% CI) p value HR (95% CI) p value

Univariate analysis 4.15 (2.37–7.26)  < 0.001 1.45 (0.90–2.33) 0.128
Model 1 4.02 (2.10–7.70)  < 0.001 4.48 (1.58–12.68) 0.005
Model 2 3.63 (1.93–6.82)  < 0.001 4.03 (1.43–11.42) 0.009
Model 3 3.97 (1.88–8.37)  < 0.001 3.31 (1.15–9.53) 0.026

Table 4   Univariate and 
multivariate Cox proportional 
hazards analysis in patients with 
claudication alone

Model 1 is adjusted for age, sex, frailty, current smoking, hypertension and diabetes mellitus. Model 2 
includes age, sex, hemodialysis, prior stroke, prior myocardial infarction and prior heart failure hospitaliza-
tion. Model 3 includes age, sex, and levels of hemoglobin, albumin, estimated glomerular filtration rate and 
C-reactive protein
BF body fat, CI confidence interval, HR hazard ratio, LBMI lean body mass index

Low LBMI Low BF%

HR (95% CI) p value HR (95% CI) p value

Univariate analysis 3.37 (1.45–7.83) 0.005 4.08 (1.53–10.88) 0.005
Model 1 8.23 (2.84–23.90)  < 0.001 10.21 (1.33–78.23) 0.025
Model 2 5.33 (2.11–13.49)  < 0.001 8.52 (1.12–64.79) 0.039
Model 3 6.58 (1.92–22.57) 0.003 5.56 (0.71–43.44) 0.101
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There were several limitations in our study. (1) The sam-
ple size was relatively small and the follow-up period was 
relatively short. (2) Only patients with PAD undergoing 
EVT were selected, so the clinical results of PAD patients 
who did not have EVT were not included. (3) The number 
of enrolled female patients was relatively small compared 
to males. However, generally, the number of female patients 
with PAD is small [1, 30, 31]. (4) LBMI and BF% vary 
depending on the time on measurement, because BW in 
patients with hemodialysis and heart failure easily changed. 
However, because the sample size was not large enough, 
we could not analyze excluding patients with hemodialysis 
and heart failure. (5) The lack of follow-up data for LBMI 
and BF%.

In conclusion, our findings suggested that both low 
LBMI and low BF% were associated with a poor prognosis 
in patients with PAD undergoing EVT. Mortality was the 
highest in the Low LBMI/High BF% and Low LBMI/Low 
BF% groups and lowest in the High LBMI/High BF% group. 
Further studies in larger population are needed to validate 
our findings in general populations and to find a favorable 
body composition to improve the prognosis in patients with 
PAD.

Acknowledgements  We thank the investigators in the following 11 
hospitals that participated in this study: Shinshu University, Nagano 
Municipal Hospital, Shinonoi General Hospital, Nagano Red Cross 
Hospital, Iida Hospital, Saku General Hospital, Aizawa Hospital, 
Jōetsu General Hospital, Suwa Central Hospital, Suwa Red Cross 
Hospital, Okaya City Hospital, Ina Central Hospital.

Declarations 

Conflict of interest  The authors declare that there is no conflict of in-
terest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Cacoub PP, Abola MT, Baumgartner I, Bhatt DL, Creager MA, 
Liau CS, Goto S, Röther J, Steg PG, Hirsch AT, Registry Inves-
tigators REACH (2009) Cardiovascular risk factor control and 
outcomes in peripheral artery disease patients in the reduction of 

atherothrombosis for continued health (REACH) registry. Athero-
sclerosis 204:e86–e92

	 2.	 Collaboration ABI, Fowkes FG, Murray GD, Butcher I, Heald 
CL, Lee RJ, Chambless LE, Folsom AR, Hirsch AT, Dramaix M, 
deBacker G, Wautrecht JC, Kornitzer M, Newman AB, Cushman 
M, Sutton-Tyrrell K, Fowkes FG, Lee AJ, Price JF, d’Agostino 
RB, Murabito JM, Norman PE, Jamrozik K, Curb JD, Masaki 
KH, Rodríguez BL, Dekker JM, Bouter LM, Heine RJ, Nijpels G, 
Stehouwer CD, Ferrucci L, McDermott MM, Stoffers HE, Hooi 
JD, Knottnerus JA, Ogren M, Hedblad B, Witteman JC, Breteler 
MM, Hunink MG, Hofman A, Criqui MH, Langer RD, Fronek 
A, Hiatt WR, Hamman R, Resnick HE, Guralnik J, McDermott 
MM (2008) Ankle brachial index combined with Framingham 
risk score to predict cardiovascular events and mortality: a meta-
analysis. JAMA 300:197–208

	 3.	 Barba R, Bisbe J, Pedrajas JN, Toril J, Monte R, Muñoz-Torrero 
JF, Monreal M, Investigators FRENA (2009) Body mass index 
and outcome in patients with coronary, cerebrovascular, or 
peripheral artery disease: Findings from the FRENA registry. 
Eur J Cardiovasc Prev Rehabil 16:457–463

	 4.	 Kumakura H, Kanai H, Aizaki M, Mitsui K, Araki Y, Kasama 
S, Iwasaki T, Ichikawa S (2010) The influence of the obesity 
paradox and chronic kidney disease on long-term survival in a 
Japanese cohort with peripheral arterial disease. J Vasc Surg 
52:110–117

	 5.	 Murata N, Soga Y, Iida O, Yamauchi Y, Hirano K, Kawasaki 
D, Fujihara M, Tomoi Y (2015) Complex relationship of body 
mass index with mortality in patients with critical limb ischemia 
undergoing endovascular treatment. Eur J Vasc Endovasc Surg 
49:297–305

	 6.	 Senda K, Miura T, Minamisawa M, Ueki Y, Mochidome T, 
Nomi H, Shoin W, Higuchi S, Oguchi Y, Nishimura H, Saigusa 
T, Ebisawa S, Motoki H, Izawa A, Koyama J, Ikeda U, Kuwa-
hara K (2018) Predictive value of underweight status for patients 
with peripheral artery disease with claudication. Angiology 
69:513–522

	 7.	 Uretsky S, Messerli FH, Bangalore S, Champion A, Cooper-
Dehoff RM, Zhou Q, Pepine CJ (2007) Obesity paradox in 
patients with hypertension and coronary artery disease. Am J Med 
120:863–870

	 8.	 Lavie CJ, De Schutter A, Parto P, Jahangir E, Kokkinos P, Ortega 
FB, Arena R, Milani RV (2016) Obesity and prevalence of car-
diovascular diseases and prognosis-the obesity paradox updated. 
Prog Cardiovasc Dis 58:537–547

	 9.	 Wellens RI, Roche AF, Khamis HJ, Jackson AS, Pollock ML, 
Siervogel RM (1996) Relationships between the body mass index 
and body composition. Obes Res 4:35–44

	10.	 Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, 
Somers VK, Erwin PJ, Lopez-Jimenez F (2010) Diagnostic per-
formance of body mass index to identify obesity as defined by 
body adiposity: a systematic review and meta-analysis. Int J Obes 
34:791–799

	11.	 Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham 
SM, Milani RV (2012) Body composition and survival in stable 
coronary heart disease: impact of lean mass index and body fat in 
the “obesity paradox.” J Am Coll Cardiol 60:1374–1380

	12.	 Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne NM, Green 
B (2005) Quantification of lean bodyweight. Clin Pharmacokinet 
44:1051–1065

	13.	 Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, 
McDowell I, Mitnitski A (2005) A global clinical measure of fit-
ness and frailty in elderly people. CMAJ 173:489–495

	14.	 Bagshaw SM, Stelfox HT, McDermid RC, Rolfson DB, Tsuy-
uki RT, Baig N, Artiuch B, Ibrahim Q, Stollery DE, Rokosh E, 
Majumdar SR (2014) Association between frailty and short-and 

http://creativecommons.org/licenses/by/4.0/


1840	 Heart and Vessels (2021) 36:1830–1840

1 3

long-term outcomes among critically ill patients: a multicentre 
prospective cohort study. CMAJ 186:E95-102

	15.	 Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Cor-
riere MA, Drachman DE, Fleisher LA, Fowkes FG, Hamburg NM, 
Kinlay S, Lookstein R, Misra S, Mureebe L, Olin JW, Patel RA, 
Regensteiner JG, Schanzer A, Shishehbor MH, Stewart KJ, Treat-
Jacobson D, Walsh ME (2017) 2016 AHA/ACC guideline on the 
management of patients with lower extremity peripheral artery 
disease: a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on clinical practice guidelines. 
Circulation 135:e726-779

	16.	 Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yama-
gata K, Tomino Y, Yokoyama H, Hishida A, Collaborators devel-
oping the Japanese equation for estimated GFR (2009) Revised 
equations for estimated GFR from serum creatinine in Japan. Am 
J Kidney Dis 53:982–992

	17.	 Kanda Y (2013) Investigation of the freely available easy-to-use 
software ‘EZR’ for medical statistics. Bone Marrow Transplant 
48:452–458

	18.	 Lavie CJ, De Schutter A, Patel D, Artham SM, Milani RV (2011) 
Body composition and coronary heart disease mortality—an obe-
sity or a lean paradox? Mayo Clin Proc 86:857–864

	19.	 De Schutter A, Lavie CJ, Patel DA, Artham SM, Milani RV (2013) 
Relation of body fat categories by Gallagher classification and by 
continuous variables to mortality in patients with coronary heart 
disease. Am J Cardiol 111:657–660

	20.	 Srikanthan P, Horwich TB, Tseng CH (2016) Relation of muscle 
mass and fat mass to cardiovascular disease mortality. Am J Car-
diol 117:1355–1360

	21.	 Srikanthan P, Karlamangla AS (2011) Relative muscle mass is 
inversely associated with insulin resistance and prediabetes. Find-
ings from the third National Health and Nutrition Examination 
Survey. J Clin Endocrinol Metab 96:2898–2903

	22.	 Petersen AM, Pedersen BK (2006) The role of IL-6 in mediating 
the anti-inflammatory effects of exercise. J Physiol Pharmacol 
57(Suppl 10):43–51

	23.	 Pedersen BK, Febbraio MA (2012) Muscles, exercise and obe-
sity: skeletal muscle as a secretory organ. Nat Rev Endocrinol 
8:457–465

	24.	 Zhang Y, Song H, Zhang Y, Wu F, Mu Q, Jiang M, Wang F, Zhang 
W, Li L, Shao L, Li S, Yang L, Zhang M, Wu Q, Tang D (2016) 

Irisin inhibits atherosclerosis by promoting endothelial prolifera-
tion through micro RNA 126 5p. J Am Heart Assoc 5(9):e004031

	25.	 Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN (2014) 
Obesity and cardiovascular diseases: implications regarding fit-
ness, fatness, and severity in the obesity paradox. J Am Coll Car-
diol 63:1345–1354

	26.	 Tse G, Gong M, Nunez J, Sanchis J, Li G, Ali-Hasan-Al-Saegh 
S, Wong WT, Wong SH, Wu WKK, Bazoukis G, Yan GX, Lam-
propoulos K, Baranchuk AM, Tse LA, Xia Y, Liu T, Woo J, Inter-
national Health Informatics Study (IHIS) Network (2017) Frailty 
and mortality outcomes after percutaneous coronary intervention: 
a systematic review and meta-analysis. J Am Med Dir Assoc 
18:1097.e1-1097.e10

	27.	 Yang X, Lupón J, Vidán MT, Ferguson C, Gastelurrutia P, New-
ton PJ, Macdonald PS, Bueno H, Bayés-Genís A, Woo J, Fung 
E (2018) Impact of frailty on mortality and hospitalization in 
chronic heart failure: a systematic review and meta-analysis. J 
Am Heart Assoc. https://​doi.​org/​10.​1161/​JAHA.​117.​008251

	28.	 Biasucci LM, Graziani F, Rizzello V, Liuzzo G, Guidone C, De 
Caterina AR, Brugaletta S, Mingrone G, Crea F (2010) Paradoxi-
cal preservation of vascular function in severe obesity. Am J Med 
123:727–734

	29.	 Bays HE (2011) Adiposopathy is “sick fat” a cardiovascular dis-
ease? J Am Coll Cardiol 57:2461–2473

	30.	 Yamazaki T, Goto S, Shigematsu H, Shimada K, Uchiyama S, 
Nagai R, Yamada N, Matsumoto M, Origasa H, Bhatt DL, Steg 
PG, Ikeda Y, Registry Investigators REACH (2007) Prevalence, 
awareness and treatment of cardiovascular risk factors in patients 
at high risk of atherothrombosis in Japan. Circ J 71:995–1003

	31.	 Soga Y, Iida O, Hirano K, Yokoi H, Nanto S, Nobuyoshi M (2010) 
Mid-term clinical outcome and predictors of vessel patency after 
femoropopliteal stenting with self-expandable nitinol stent. J Vasc 
Surg 52:608–615

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1161/JAHA.117.008251

	Body composition and mortality in patients undergoing endovascular treatment for peripheral artery disease
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements 
	References




