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Background: Few studies have examined the relationship of sarcopenia with the microcirculation. The current study investigated 
the relationship of sarcopenia with microcirculatory function, as assessed by skin perfusion pressure (SPP), in type 2 diabetes melli-
tus (T2DM) patients. 
Methods: In total, 102 T2DM patients who underwent SPP measurements and bioelectrical impedance analysis (BIA) were enrolled 
in this cross-sectional study. SPP was assessed using the laser Doppler technique. Sarcopenia was defined as low height-adjusted ap-
pendicular muscle mass (men, <7 kg/m2; women, <5.7 kg/m2) using BIA. We divided the participants into two groups based on SPP 
(≤50 and >50 mm Hg), and an SPP below 50 mm Hg was considered to reflect impaired microcirculation. 
Results: Fourteen patients (13.7%) were diagnosed with impaired microcirculatory function of the lower limb based on SPP. The 
prevalence of sarcopenia in all subjects was 11.8%, but the percentage of patients with an SPP ≤50 mm Hg who had sarcopenia was 
more than triple that of patients with an SPP >50 mm Hg (28.6% vs. 9.1%, P=0.036). A significant positive correlation was found 
between SPP and appendicular muscle mass adjusted for height (P=0.041 for right-sided SPP). Multiple logistic regression analysis 
showed that patients with sarcopenia had an odds ratio of 4.1 (95% confidence interval, 1.01 to 24.9) for having an SPP ≤50 mm Hg 
even after adjustment for confounding factors. 
Conclusion: These results suggest that sarcopenia may be significantly associated with impaired microcirculation in patients with 
T2DM. Nonetheless, the small number of patients and wide CI require cautious interpretation of the results. 
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INTRODUCTION

Diabetes may affect the microcirculation throughout the body 
[1]. Chronic vascular complications of diabetes are related to 
the function of the microcirculation [2]. In addition, an associa-
tion between dysfunction of the microcirculation and macrovas-
cular disease has been suggested [3,4]. Evidence supports the 
possibility that microcirculatory dysfunction can eventually lead 

to more severe microvascular and macrovascular complications; 
therefore, it is necessary to detect dysfunction of the microcir-
culation promptly and to identify patients with diabetes at risk 
of microcirculatory dysfunction [5-7].

Previous studies have used the skin microvasculature as a 
model to estimate the microvascular complications of diabetes 
[8,9] and to investigate the relationship between cardiovascular 
(CV) risk and microcirculatory function [6,7]. Several studies 
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have reported associations of microcirculatory changes in the 
retinal and renal systems with cardiovascular disease (CVD) 
events [5,10]. However, studies regarding the relationship of 
microcirculatory changes in the feet and CVD are limited.

Measuring skin perfusion pressure (SPP) using laser Doppler 
is a noninvasive, easily performed method that measures the 
microcirculatory pressure of the artery at the skin level [11]. The 
SPP is valuable for evaluating microcirculatory function. Most 
previous studies regarding SPP have focused on limb ischemia. 
Several studies have revealed that SPP measurements can be 
used to accurately diagnose peripheral artery disease (PAD) and 
diabetic foot disease (DFD) compared with other methods such 
as the ankle-brachial index (ABI). In addition, previous studies 
have investigated whether SPP can predict wound healing in 
critical limb ischemia (CLI) after reconstruction or medication, 
especially in patients with diabetes or end-stage renal disease on 
hemodialysis [12-14].

Previous studies have suggested that vascular lesions might 
be associated with sarcopenia. The reported prevalence of sar-
copenia was as high as 15% in patients with type 2 diabetes 
mellitus (T2DM), reflecting a higher prevalence than was ob-
served in controls [15]. Sarcopenia, which has been proposed to 
be a prognostic factor in diabetes, is associated with poor out-
comes such as a higher hospitalization rate, CV events, and 
mortality in patients with T2DM [16,17]. Until now, only a few 
studies have shown that sarcopenia in T2DM patients was relat-
ed with PAD, DFD, CLI, and mortality after leg amputation 
[18,19]. Moreover, studies regarding sarcopenia as a prognostic 
factor in patients with impaired microcirculation remain very 
limited. 

If sarcopenia is associated with poor microcirculation, this in-
formation could help select a treatment plan, and interventions 
to modify sarcopenia may improve the prognosis of patients 
with impaired microcirculation. However, to the best of our 
knowledge, no study has yet evaluated the association of the 
microcirculation, as assessed by SPP, with sarcopenia in T2DM 
patients. Therefore, we aimed to investigate whether sarcopenia 
is associated with microcirculatory function in patients with 
T2DM.

METHODS 

Study design and subjects 
Among 187 participants with T2DM who underwent SPP mea-
surements to evaluate complications of diabetes at the Endocri-
nology Division of Soonchunhyang University Bucheon Hospi-

tal from September 2018 to October 2018, those with a history 
of PAD or type 1 diabetes, who were older than 80 years of age, 
and who did not have bioelectrical impedance analysis (BIA) 
data were excluded. Finally, 102 participants were included for 
analysis in this cross-sectional study. We reviewed patients’ de-
mographic, biochemical, and clinical data and treatment history 
in detail using their medical records. Subjects were classified by 
smoking status as non-smokers or current smokers. All partici-
pants were informed of the purpose of the study, and their con-
sent was obtained. The study was approved by the Institutional 
Review Board of Soonchunhyang University School of Medi-
cine, Bucheon Hospital (IRB number: 2019-08-021-001).

Anthropometric and biochemical measurements 
The participants’ weight and height were measured to the near-
est 0.1 kg and 0.1 cm. Body mass index (BMI) was calculated 
as body weight (kg) divided by height (m) squared. Blood sam-
ples were collected from all patients after overnight fasting. 
Glycated hemoglobin (HbA1c) was measured by ion-exchange 
high performance liquid chromatography (Bio-Rad, Hercules, 
CA, USA). The methodology was aligned with the Diabetes 
Control and Complications Trial and National Glycohemoglo-
bin Standardization Program standards. A liquid enzymatic 
method was used to measure total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), and triglyceride (TG; 7600-
110, Hitachi Inc., Tokyo, Japan) levels. The selective inhibition 
method was used to measure high-density lipoprotein cholester-
ol (HDL-C) levels. The estimated glomerular filtration rate 
(eGFR) was calculated by the Modification of Diet in Renal 
Disease study equation. Serum fasting insulin was measured us-
ing an immunoradiometric assay kit (DIAsource, Ottignies-
Louvain-la-Neuve, Belgium). Insulin resistance was evaluated 
by the homeostasis model assessment of insulin resistance 
(HOMA-IR) index. The HOMA-IR was calculated by the fol-
lowing formula: [fasting insulin (µIU/mL)×fasting plasma glu-
cose (mmol/L)]/22.5.

Arterial brachial-ankle pulse wave velocity (PWV) and the 
ABI were measured using an automated device (VP-1000, Co-
lin, Komaki, Japan). Measurements of abdominal fat thickness 
were made using high-resolution B-mode ultrasonography. Vis-
ceral fat thickness (VFT) and subcutaneous fat thickness (SFT) 
were measured 1 cm above the umbilicus using a 12-MHz lin-
ear-array probe and a 3.5-MHz convex-array probe, respective-
ly. VFT was defined as the distance between the anterior wall of 
the aorta and the posterior aspect of the rectus abdominis mus-
cle perpendicular to the aorta. SFT was defined as the maximal 
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thickness of the fat tissue layer between the skin-fat interface 
and the linea alba. 

SPP measurements
SPP was measured with a laser Doppler probe using a Sensi-
Lase PAD-IQ (Vasamed, Eden Prairie, MN, USA) on both the 
dorsal and plantar sides. According to previously published SPP 
reference means, we considered that SPP  values of less than 50 
mm Hg indicated impaired microcirculation. An SPP of 50 mm 
Hg has been suggested as a cut-off value for PAD in patients 
with conditions such as diabetes mellitus (DM) and chronic kid-
ney disease who have a high probability of calcification in low-
er leg arteries [14]. We analyzed the lower of the two SPP  values 
obtained from the plantar and dorsal aspects of each foot as a 
marker of impaired microcirculation. 

Body composition and definition of sarcopenia
We used BIA to assess sarcopenia. Appendicular skeletal mus-
cle mass (ASM) was calculated by summing the lean mass in 
the arms and legs, which primarily represents skeletal muscle 
mass in the extremities. We defined sarcopenia, or low muscle 
mass, as ASM divided by height squared (ASM/Ht2; kg/m2). 
The ASM/Ht2 cut-off values for low muscle mass were 7 kg/m2 
in men and 5.7 kg/m2 in women [20].

Statistical analysis
Data were reported as mean±standard deviation or median (in-
terquartile range) for continuous variables and number (%) for 
categorical variables. The correlations of ASM/Ht2 with SPP 
and other clinical variables were assessed by Spearman rank 
correlation coefficients. The lower of the two SPP  values mea-
sured at the dorsal and plantar surfaces of each foot was taken 
as the SPP.

Differences in demographic and clinical characteristics ac-
cording to whether SPP was below 50 mm Hg on either side 
and sarcopenia were evaluated using the Student t-test and chi-
square test for categorical variables. Odds ratios (ORs) were 
used as a measure of the association between the SPP and the 
presence of sarcopenia in multivariate logistic regression analy-
sis. Multiple logistic regression analysis with the presence or 
absence of an SPP below 50 mm Hg as the dependent variable 
was performed. 

A two-tailed P value less than 0.05 was considered to indicate 
statistical significance. All statistical analyses were performed 
using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS

Baseline clinical characteristics of study subjects
The general characteristics of the study participants are present-
ed in Table 1. The mean age of the participants was 55.9 years, 
and their mean BMI was 26.0±3.1 kg/m2. Eighty (78.4%) were 
treated with statins and 53 (52%) were treated with antiplatelet 
agents. In total, 14 (13.7%) patients had either a dorsal or plan-
tar SPP below 50 mm Hg on either side. The prevalence of sar-
copenia in all subjects was 11.8%. Median age was used to cre-
ate two age groups (<57 years vs. ≥57 years), and patients’ gen-
eral characteristics were compared between these two groups 
(Supplemental Table S1). The younger group had a higher 
ASM/Ht2 and contained a greater percentage of men and current 
smokers. The prevalence of sarcopenia and right-side SPP be-
low 50 mm Hg were significantly higher in the older group 
(19.2% vs. 4% and 19.2% vs. 6%, respectively). We also com-
pared patients’ characteristics according to sex (Supplemental 
Table S2). Men were younger and had a shorter duration of DM, 
higher right dorsal SPP, higher TG levels, and higher ASM/Ht2 
than women. The prevalence of sarcopenia was comparable in 
both sexes. However, the prevalence of right-side SPP below 50 
mm Hg and any-side SPP below 50 mm Hg were significantly 
higher in women.

Bivariate correlations of SPP and ASM/Ht2 with clinical 
variables
The correlations of SPP and ASM/Ht2 with clinical variables are 
shown in Table 2. The lower of the two SPP  values measured at 
the dorsal and plantar surfaces of each foot was used as the SPP. 
Right-side SPP was positively correlated with ASM/Ht2 (r=0.198, 
P=0.041). Left-side SPP was positively correlated with TC and 
LDL-C levels (r=0.242, P=0.018 and r=0.241, P=0.043, re-
spectively). Right-side SPP was positively correlated with left-
side SPP (r=0.512, P<0.001). ASM/Ht2 was positively correlated 
with BMI (r=0.458, P<0.001) and negatively correlated with age 
(r=–0.359, P=0.001) and HDL-C (r=–0.304, P=0.005). ASM/
Ht2 showed borderline significant correlations with VFT and SFT. 
However, SPP was not correlated with HbA1c, ABI, or PWV.

When we analyzed dorsal and plantar SPP on each side sepa-
rately, right dorsal SPP and right plantar SPP levels were positive-
ly correlated with ASM/Ht2 (r=0.279, P=0.008 and r=0.238, P= 
0.016, respectively) and right dorsal SPP and left dorsal SPP were 
negatively correlated with age (r=–0.208, P=0.037 and r= 
–0.032, P=0.001, respectively) (data not shown).
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Comparisons of clinical characteristics according to the 
presence of low SPP
The clinical characteristics and laboratory findings according to 
the presence of SPP levels below 50 mm Hg on either side are 
presented in Table 3. Higher SPP was more prevalent in men 
than women (men, 68%; women, 32%). Patients with higher 
SPP were more likely to consume alcohol than those with lower 
SPP (P=0.001). The prevalence of sarcopenia was significantly 
higher in patients with lower SPP than in those with higher SPP 
(9% vs. 28.6%, P=0.036). The mean values of ASM/Ht2 were 
borderline significantly lower in patients with lower SPP than in 
those with higher SPP (7.3 vs. 8.0, P=0.056). There were no 

Table 1. Clinical Characteristics and Laboratory Findings of the 
Study Population

Variable Total 
(n=102)

Age, yr 55.9±9.8

Male sex 115 (63.7)

Duration of DM, yr 9 (2.4–15.3)

Current smoking 15 (15.6)

Alcohol 36 (37.5)

BMI, kg/m2 26.0±3.1

VFT, cm 41.5±16.3

SFT, cm 15.5±5.1

Rt. dorsal SPP 71.0±14.1

Lt. dorsal SPP 76.2±13.1

Rt. plantar SPP 74.4±12.7

Lt. plantar SPP 77.5±12.6

HbA1c, mmol/mol (%) 91±9 (7.6±2.0)

eGFR, mL/min/1.73 m2 (MDRD) 69.7±15.3

Total cholesterol, mg/dL 155±34

LDL-C, mg/dL 83±28

HDL-C, mg/dL 47±16

Triglycerides, mg/dL 127 (96–184)

Mean ABI 1.15±0.08

Mean PWV 1,609±717

ASM/height, kg/m2 7.9±1.2

Sarcopenia 12 (11.8)

Treatment modality

   Diet only 1 (1.0)

   OHA 78 (76.5)

   OHA and insulin 18 (17.6)

   Insulin only 5 (4.9)

Statin 80 (78.4)

Antiplatelet agent 53 (51.9)

Rt. side dorsal or plantar SPP below 50% 13 (12.7)

Lt. side dorsal or plantar SPP below 50% 3 (2.9)

Any-side dorsal or plantar SPP below 50% 14 (13.7)

Values are expressed as mean±standard deviation, number (%), or me-
dian (interquartile range).
DM, diabetes mellitus; BMI, body mass index; VFT, visceral fat thick-
ness; SFT, subcutaneous fat thickness; Rt., right; SPP, skin perfusion 
pressure; Lt., left; HbA1c, glycated hemoglobin; eGFR, estimated glo-
merular filtration rate; MDRD, Modification of Diet in Renal Disease; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipo-
protein cholesterol; ABI, ankle-brachial index; PWV, pulse wave veloci-
ty; ASM, appendicular skeletal muscle; OHA, oral hypoglycemic agent.

Table 2. Correlations of Appendicular Skeletal Muscle/Height 
with SPP and Other Clinical Variables

Variable
r (P value)

ASM/height Rt. SPP Lt. SPP

ASM/height - 0.198 (0.041) 0.155 (0.120)

Rt. SPP 0.198 (0.041) - 0.512 (<0.001)

Lt. SPP 0.155 (0.120) 0.512 (<0.001) -

Age, yr –0.359 (<0.001) –0.188 (0.059) –0.166 (0.096)

Duration of DM, yr –0.157 (0.115) –0.122 (0.222) –0.165 (0.098)

BMI, kg/m2 0.458 (<0.001) 0.031 (0.754) 0.152 (0.128)

VFT, cm 0.208 (0.05) –0.015 (0.888) 0.107 (0.318)

SFT, cm 0.203 (0.057) –0.071 (0.507) 0.168 (0.116)

HbA1c,  
mmol/mol

–0.055 (0.591) –0.157 (0.122) –0.119 (0.243)

eGFR,  
mL/min/1.73 m2

–0.072 (0.470) –0.064 (0.526) –0.087 (0.387)

Total cholesterol, 
mg/dL

–0.064 (0.535) –0.068 (0.510) 0.242 (0.018)

LDL-C, mg/dL –0.009 (0.939) 0.031 (0.800) 0.241 (0.043)

HDL-C, mg/dL –0.304 (0.005) –0.204 (0.062) –0.130 (0.239)

Triglycerides,  
mg/dL

0.179 (0.084)) 0.020 (0.850) 0.142 (0.173))

Rt. ABI –0.110 (0.288) –0.090 (0.387) 0.018 (0.864)

Lt. ABI –0.122 (0.239) –0.086 (0.410) –0.063 (0.543)

Mean PWV –0.070 (0.500) 0.057 (0.580) 0.035 (0.734)

The lower of the two SPP  values measured at both the dorsal and plantar 
surfaces of each foot was taken as the SPP.
SPP, skin perfusion pressure; ASM, appendicular skeletal muscle; Rt., 
right; Lt., left; DM, diabetes mellitus; BMI, body mass index; VFT, vis-
ceral fat thickness; SFT, subcutaneous fat thickness; HbA1c, glycated 
hemoglobin; eGFR, estimated glomerular filtration rate; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cho-
lesterol; ABI, ankle-brachial index; PWV, pulse wave velocity.
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significant differences in age, duration of DM, BMI, fat thick-
ness, HbA1c, lipid profiles, eGFR, ABI on each side, medica-
tion history (e.g., statins or anti-platelet agents), and treatment 
modality according to whether patients’ SPP was above or be-
low 50 mm Hg.

Comparisons of clinical characteristics according to the 
presence or absence of sarcopenia
Table 4 presents comparisons of clinical characteristics and labo-

Table 3. Characteristics According to the Presence of Any-Side 
SPP below 50 mm Hg

Characteristic SPP >50
(n=88)

SPP ≤50
(n=14) P value

Age, yr 55.3±10.2 59.7±6 0.111

Male sex 60 (68.2) 5 (35.7) 0.022

Duration of DM, yr 9 (2–14.8) 8.8 (2.9–18.3) 0.642

Smoking 14 (17.1) 1 (7.1) 0.311

Alcohol 36 (43.9) 0 0.001

BMI, kg/m2 26.2±3.1 24.6±3.1 0.074

VFT, cm 42.1±16.4 37.5±16.3 0.370

SFT, cm 15.6±5.1 14.8±5.2 0.649

eGFR, mL/min/1.73 m2 69±15 74±18 0.262

Rt. ABI 1.14±0.09 1.18±0.08 0.105

Lt. ABI 1.16±0.09 1.19±0.08 0.118

Mean PWV 1,619±764 1,555±278 0.767

HbA1c 7.6±2.0 7.7±1.6 0.939

ASM/height, kg/m2 8.0±1.2 7.3±1.1 0.056

Sarcopenia 8 (9.1) 4 (28.6) 0.036

Statin 70 (79.5) 10 (71.4) 0.493

Antiplatelet agent 43 (48.9) 10 (71.4) 0.116

Total cholesterol, mg/dL 155.8±34.7 150±31.7 0.583

LDL-C, mg/dL 84.2±28 75.9±23.9 0.401

HDL-C, mg/dL 47.1±17.2 49.2±10.4 0.693

Triglycerides, mg/dL 127 (97–183) 100 (86–199) 0.799

Treatment modality 0.357

   No medication 1 (1.1) 0

   OHA only 68 (77.3) 10 (71.4)

   OHA and insulin 16 (18.2) 2 (14.3)

   Insulin only 3 (3.4) 2 (14.3)

Values are expressed as mean±standard deviation, number (%), or me-
dian (interquartile range).
SPP, skin perfusion pressure; DM, diabetes mellitus; BMI, body mass 
index; VFT, visceral fat thickness; SFT, subcutaneous fat thickness; 
eGFR, estimated glomerular filtration rate; Rt., right; ABI, ankle-bra-
chial index; Lt., left; PWV, pulse wave velocity; HbA1c, glycated he-
moglobin; ASM, appendicular skeletal muscle; LDL-C, low-density li-
poprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
OHA, oral hypoglycemic agent.

Table 4. Characteristics according to the Presence of Sarcopenia

Characteristic Sarcopenia (–)
(n=90)

Sarcopenia (+)
(n=12) P value

Age, yr 55.2±10.1 60.9±6.3 0.059

Male sex 57 (63.3) 8 (66.7) 0.546

Duration of DM, yr 9.3 (2–16) 7 (3.1–13.3) 0.642

Smoking 14 (16.7) 1 (8.3) 0.404

Alcohol 34 (40.5) 2 (16.7) 0.098

BMI, kg/m2 26.2±3.1 24.5±2.8 0.071

VFT, cm 41.7±16.3 39.5±17.1 0.666

SFT, cm 15.9±5.3 12.4±2.5 0.001

eGFR, mL/min/1.73 m2 69±15 72±21 0.614

Mean ABI 1.15±0.09 1.17±0.07 0.428

Mean PWV 1,640±752 1,377±269 0.255

HbA1c 7.7±2.0 7.1±1.7 0.309

ASM/height, kg/m2 8.2±1 5.8±0.9 0.063

Any-side dorsal or plantar 
SPP below 50

8 (9.1) 4 (28.6) 0.036

Rt. dorsal SPP 71.4±13.8 67.8±16 0.402

Lt. dorsal SPP 76.7±12.9 72.1±3.9 0.244

Rt. plantar SPP 75.5±12.1 66.1±4.2 0.014

Lt. plantar SPP 78.2±12.6 72.3±12 0.131

Statin 70 (77.8) 10 (83.3) 0.497

Antiplatelet agent 48 (53.3) 5 (41.7) 0.325

Total cholesterol, mg/dL 155.8±35.2 148±22.2 0.529

LDL-C, mg/dL 83.7±28.6 78.6±16.1 0.626

HDL-C, mg/dL 47.3±16.8 48.3±11.2 0.875

Triglycerides, mg/dL 127 (96–183) 145 (99–205) 0.809

Treatment modality 0.033

   No medication 0 1 (8.3)

   OHA only 70 (77.8) 8 (66.7)

   OHA and insulin 15 (16.7) 3 (25)

   Insulin only 5 (5.6) 0

Values are expressed as mean±standard deviation, number (%), or me-
dian (interquartile range).
DM, diabetes mellitus; BMI, body mass index; VFT, visceral fat thick-
ness; SFT, subcutaneous fat thickness; eGFR, estimated glomerular fil-
tration rate; ABI, ankle-brachial index; PWV, pulse wave velocity; 
HbA1c, glycated hemoglobin; ASM, appendicular skeletal muscle; SPP, 
skin perfusion pressure; Rt., right; Lt., left; LDL-C, low-density lipo-
protein cholesterol; HDL-C, high-density lipoprotein cholesterol; OHA, 
oral hypoglycemic agent.
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ratory findings according to the presence or absence of sarcope-
nia. The mean right plantar SPP was significantly lower in pa-
tients with sarcopenia than in those without sarcopenia (66.1 mm 
Hg vs. 75.5 mm Hg, P=0.014). The prevalence of an SPP below 
50 mm Hg was significantly higher in patients with sarcopenia 
than in those without sarcopenia (28.6% vs. 9%, P=0.036). SFT 
was significantly higher in patients with sarcopenia. There were 
no significant differences in age, duration of DM, BMI, HbA1c, 
lipid profile, GFR, mean ABI, and taking statins and antiplatelet 
agents according to the presence of sarcopenia.

Multiple logistic regression analysis of the association of 
low SPP with the presence of sarcopenia
Multivariate logistic regression analysis was used to calculate 
ORs for SPP below 50 mm Hg as a function of sarcopenia (Table 
5). Individuals with sarcopenia had an OR of 4.0 (95% confidence 
interval [CI], 1.02 to 15.7) for a low SPP (below 50 mm Hg) com-
pared to those without sarcopenia. This significant association re-
mained after adjusting for sex, age, smoking, duration of DM, 
HbA1c, statin treatment, and antiplatelet agent treatment (OR, 4.1; 
95% CI, 1.01 to 24.9).

DISCUSSION

Our study showed that sarcopenia was significantly associated 
with the presence of impaired microcirculatory function in pa-
tients with T2DM after adjustment for confounding factors. The 
prevalence of sarcopenia was higher in those with an SPP ≤50 
mm Hg than in those with an SPP >50 mm Hg, and significant 
positive correlations were found between SPP and appendicular 
muscle mass adjusted for height. 

The microcirculation is a system of blood vessels less than 
150 μm in diameter, comprising arterioles, capillaries, and ve-
nules [21]. This system is responsible for the primary function 

of the vasculature [21]. Diabetes may affect the microcircula-
tion in diverse parts of the body, from the eyes to the kidney and 
skin [1]. Chronic vascular complications in diabetes are related 
to the microcirculation [2-4]. Diabetes-related microcirculatory 
dysfunction can eventually lead to more severe complications; 
therefore, it is necessary to detect microcirculatory dysfunction 
promptly and to identify patients at risk.

Skin microcirculation is an accessible model for estimating 
diabetes-associated vascular complications [9]. SPP utilizes a 
laser Doppler probe and pressure cuff to evaluate reactive hy-
peremia in the skin [11]. This technique can be performed easi-
ly, noninvasively, and simply, and it only takes a few minutes. 
This method does not cause any discomfort to the patient, and it 
can provide precise information about vascular status and po-
tential ischemic areas [22,23].

Previous research investigated whether laser Doppler SPP can 
be used to evaluate the severity of limb ischemia in diabetes 
and/or hemodialysis patients [23]. In addition, studies evaluated 
whether SPP measurements in the foot were comparable to ABI 
and whether SPP could be used as a screening test for limb isch-
emia [14,24]. They found that SPP measurements are a valuable 
method for diagnosing PAD and that SPP can more easily be 
used to assess the severity of limb ischemia than the ABI. Al-
though the ABI is the most widely recommended initial screen-
ing test for diagnosing PAD and assessing the severity of the 
obstruction in patients with PAD in the legs, the test has limita-
tions in subjects with diabetes, in whom arterial calcification-
associated stiffness is highly prevalent and may cause false re-
sults due to incompressibility [25]. 

In contrast, SPP is not affected by arterial wall calcification or 
skin temperature [23]. Because SPP measures the final pathway 
of capillary flow through the skin with a laser Doppler probe, it 
has the potential to determine severe limb ischemia status in the 
setting of calcification. Moreover, SPP can assess the effective-
ness of revascularization or medical therapy and can predict 
successful wound healing. Studies have shown that SPP can as-
sess microcirculation more effectively than macrocirculatory 
tests such as the ABI in patients with diabetes [24]. A study sug-
gested that SPP  values of 40 mm Hg or higher may be a reason-
able treatment target for ischemic wounds [13]. Other studies 
showed that an SPP <50 mm Hg was associated with the high-
est sensitivity for detecting PAD and morbidity [14,26]. Okamo-
to et al. [14] reported the superiority of SPP measurements for 
detecting PAD in hemodialysis patients with a cutoff value of 
50 mm Hg. In this study, we defined normal SPP  values as >50 
mm Hg, and using this cutoff, 13.7% of patients were diagnosed 

Table 5. Multiple Logistic Regression Analysis with the Pres-
ence or Absence of SPP Below 50 mm Hg as the Dependent 
Variable

OR 95% CI P value

Model 1 4.0 1.02–15.7 0.047

Model 2 4.8 1.11–20.8 0.036

Model 3 4.1 1.01–24.9 0.048

Model 1: no adjustment; Model 2: model 1 plus sex; Model 3: model 2 
plus age, smoking, diabetes mellitus duration, glycated hemoglobin, 
statin treatment, and antiplatelet agent treatment.
SPP, skin perfusion pressure; OR, odds ratio; CI, confidence interval. 
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with impaired microcirculatory function in the lower limb. This 
prevalence rate is lower than those reported in other studies 
[18,26]. Our study did not include patients diagnosed with PAD, 
and the mean ABI of study population was 1.15, representing a 
lower probability of significant limb ischemia. Differences in 
the normal reference range and heterogeneity of the participants 
of each study may explain the different prevalence rates reported 
for microcirculatory dysfunction in the lower limbs. 

In addition, whereas previous studies have reported a positive 
correlation between the ABI and SPP, no significant correlation 
was found between the ABI and SPP in the present study. Al-
though we cannot provide a definitive explanation for the lack 
of a correlation between the ABI and SPP  values in this study, 
we may speculate regarding some possible reasons. Most previ-
ous studies analyzed populations with PAD or other serious 
conditions such as CLI. In contrast, we only included T2DM 
patients without PAD. It therefore seems likely that differences 
in study populations (e.g., stable PAD vs. serious PAD vs. CLI 
vs. no evidence of PAD) may influence this result. Ishioka et al. 
[27] suggested some possible explanations for discrepancies be-
tween ABI and SPP  values. In patients with normal or high ABI 
values (≥0.9) and low SPP  values (<50 mm Hg), non-com-
pressible vessels caused by high arterial calcification, as shown 
in hemodialysis or DM patients, might pseudo-normalize or 
even elevate the ABI value. Another possibility is the existence 
of below-ankle arterial lesions. ABI is measured using ankle 
pressure, but SPP examines the microcirculation of below-ankle 
locations such as the instep and sole. If a patient has impaired 
microcirculation only in the arteries below the ankle, normal 
ABI and abnormally low SPP  values might be expected. In pa-
tients with a low ABI and normal SPP  values, poor microcircu-
lation below the knee and above the ankle might explain the 
discrepancy between the ABI and SPP. 

Previous literature showed that the prevalence of sarcopenia 
was as high as 15% in Korean patients with T2DM, a propor-
tion three times higher than that of control subjects [15]. Those 
researchers used the dual-energy X-ray absorptiometry (DXA) 
skeletal muscle index to diagnose sarcopenia. In another Korean 
study of 414 T2DM patients aged 65 years and older, the risk 
for low muscle mass was two to four times higher in patients 
with diabetes than in the control group [28]. In this study, we 
used BIA, and the prevalence of sarcopenia in all subjects was 
about 12%. We defined sarcopenia as a low AMI/Ht2 of less 
than 7.0 kg/m2 (in men) or 5.7 kg/m2 (in women). The preva-
lence of sarcopenia varies considerably, even within the same 
cohort, according to the different instruments and cut-off values 

that have been applied to define low muscle mass. In 2014, 
Chen et al. [20] presented a consensus statement from the Asian 
Working Group for Sarcopenia and proposed instruments and 
cut-off values for Asian countries. Both BIA and DXA were 
identified as appropriate for determining the body composition 
using criteria for Asians. 

Sarcopenia occurs earlier in patients with T2DM than in those 
without T2DM, and is strongly related to increased frailty in pa-
tients with DM [16]. Patients with both sarcopenia and diabetes 
are more likely to be hospitalized and to experience poor clini-
cal outcomes [17]. Although previous studies have suggested 
that vascular lesions might be associated with sarcopenia, only 
a few studies have shown that sarcopenia in T2DM patients is 
related with PAD, CLI, and mortality after leg amputation due 
to DFD [18,19]. Kim et al. [28] showed that the mortality rate in 
patients with sarcopenia was higher than that in those without 
sarcopenia in patients who underwent amputation for diabetic 
foot. These results imply that preventing sarcopenia in patients 
with diabetes is important for maintaining high survival rates. 
The presence of sarcopenia can be a predictor of the outcomes 
of leg amputation.

Cheng et al. [18] investigated the associations of sarcopenia 
with DFD in a cross-sectional study. They found that sarcopenia 
was independently associated with DFD (OR, 2.05; 95% CI, 
1.15 to 3.89) after controlling for confounders including age, 
DM duration, and chronic vascular complications. A worse 
prognosis was seen in patients with DFD accompanied by sar-
copenia. Compared to patients without sarcopenia, patients with 
sarcopenia exhibited a higher proportion of PAD (8.1% vs. 
3.1%). The percentage of sarcopenia in DFD patients was more 
than double than that in patients without DFD (35.3% vs. 
16.4%). The skeletal muscle index was significantly lower in 
patients with DFD (6.79±1.20 kg/m2 vs. 7.21±1.05 kg/m2).

To the best of our knowledge, this is the first study to investi-
gate the associations of microcirculation, as assessed by SPP, 
with sarcopenia in patients with T2DM. The present study 
showed that individuals with sarcopenia had an OR of 4.1 for 
low SPP compared to those without sarcopenia after adjusting 
for sex, age, smoking, HbA1c, duration of DM, statin treatment, 
and antiplatelet agent treatment. If sarcopenia is associated with 
poor microcirculation, as seen in our results, this information 
could help select treatment plans to improve sarcopenia at earli-
er stages in patients with poor microcirculation. 

The present study has several limitations that should be men-
tioned. First, because of the cross-sectional nature of this study, 
we could not determine the causality of the relationship between 
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impaired microcirculation, as assessed by reduced SPP, and sar-
copenia. Second, the sample size was too small to clarify the as-
sociation of SPP with sarcopenia. The number of patients with 
sarcopenia in this study was only 12. As a result, the CI was 
very wide regardless of adjustment. We cannot exclude type 2 
error because of the small sample size. A larger patient sample 
is needed to confirm our results. Third, there was a potential for 
selection bias because our study population consisted of indi-
viduals who underwent assessments for DM complications at a 
single university hospital; therefore, the present study subjects 
are not fully representative of all patients with DM. A larger 
sample size may allow generalization of our results. An addi-
tional limitation is that we assessed sarcopenia using only BIA. 
The definition of sarcopenia includes low muscle mass and low 
muscle strength. However, we did not evaluate muscle strength 
or physical performance. Nevertheless, a major strength of the 
present study is that it is the first study to investigate the poten-
tial association between microcirculation, as assessed using 
SPP, and sarcopenia. 

In conclusion, we found that sarcopenia was significantly as-
sociated with impaired microcirculation, as assessed by SPP, in 
patients with T2DM. This is the first study to evaluate SPP and 
sarcopenia in T2DM patients, making our results meaningful. 
However, future prospective studies with a larger number of pa-
tients are required to establish a direct relationship between im-
paired microcirculation and sarcopenia in patients with T2DM. 
Early detection of peripheral hypoperfusion in patients with sar-
copenia may be a valuable strategy for detecting and improving 
complications in patients with T2DM.
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