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A B S T R A C T   

Aims: To investigate synergistic effects of liver fibrosis evaluated by FibroScan and sarcopenia on endothelial 
function and arterial stiffness in patients with type 2 diabetes. 
Methods: This cross-sectional study evaluated liver fibrosis (LF) and sarcopenia in 115 patients with type 2 
diabetes. LF was assessed as the liver stiffness measurement (LSM) in transient elastography (FibroScan) and was 
defined as an LSM greater than or equal to 8.0 kPa. Sarcopenia was defined as a ratio of appendicula skeletal 
muscle mass to body mass index of<0.789 in men and<0.512 in women. Endothelial function was measured by 
reactive hyperemia index (RHI) with tonometry, and arterial stiffness was evaluated by the cardio-ankle vascular 
index (CAVI). Endothelial dysfunction was defined an RHI value below 1.67, while arterial stiffness was defined a 
CAVI value above 9.0. Patients were divided into four groups: no LF and no sarcopenia; LF but no sarcopenia; no 
LF but sarcopenia; and LF and sarcopenia. The composite of endothelial dysfunction of arterial stiffness was 
defined as an outcome. 
Results: In patients with LF, RHI was significantly lower and CAVI was significantly higher than in patients 
without LF. Furthermore, RHI was significantly lower in patients with sarcopenia than in those without it. Pa
tients with both LF and sarcopenia had the lowest RHI and the highest CAVI and urinary albumin levels. Sar
copenia and HDL cholesterol were independent factor the composite of endothelial dysfunction and arterial 
stiffness. 
Conclusion: LF and sarcopenia are independently associated with endothelial dysfunction and arterial stiffness in 
patients with type 2 diabetes. Coexistence of LF and sarcopenia may synergistically lead to vascular damage and 
thus contribute to the high risk of cardiovascular disease in people with type 2 diabetes.   

1. Introduction 

Type 2 diabetes is well known to be associated with an increased risk 
of morbidity and mortality from atherosclerotic cardiovascular disease 
(CVD). Furthermore, it also is known to be a risk factor for the devel
opment of non-alcoholic fatty liver disease (NAFLD) and its progression 
to non-alcoholic steatohepatitis (NASH) and liver fibrosis [1]. Approx
imately 50% to 60% of patients with type 2 diabetes have NAFLD [2]. 
NAFLD itself, especially liver fibrosis, is a predictor of CVD indepen
dently of other traditional risk factors [3,4]. Several studies demon
strated that liver fibrosis is associated with endothelial dysfunction and 
arterial stiffness [5–7], both of which are predictors of CVD morbidity 
and mortality. Recently, FibroScan (a transient elastography method) 
was developed as a means for non-invasively evaluating liver fibrosis by 

liver stiffness measurement (LSM), which is strongly correlated with the 
stage of liver fibrosis assessed by concurrent liver biopsy [8]. 

Sarcopenia is defined as a loss of skeletal muscle mass and muscle 
strength due to processes associated with both aging and chronic dis
eases [9]. Compared with people without diabetes, those with the dis
ease were shown to have a threefold higher risk of sarcopenia after 
adjusting for age [10], indicating that diabetes is closely associated with 
an increased risk of sarcopenia. Muscle mass or function or both are lost 
in the early stage of type 2 diabetes, and they decline more significantly 
with age than in people without diabetes [11]. Sarcopenia also is an 
important prognostic factor for CVD morbidity and mortality in older 
people [12]. 

Because patients with type 2 diabetes often have both NAFLD (with 
significant fibrosis) and sarcopenia, we hypothesized that when liver 
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fibrosis and sarcopenia coexist in patients with type 2 diabetes, they may 
contribute synergistically to endothelial dysfunction or arterial stiffness 
or both. To date, no studies have simultaneously examined the impacts 
of liver fibrosis and sarcopenia on endothelial dysfunction and arterial 
stiffness in patients with type 2 diabetes. Therefore, in this cross- 
sectional study we investigated the simultaneous effects of liver 
fibrosis, as evaluated by FibroScan, and sarcopenia on endothelial 
function and arterial stiffness in patients with type 2 diabetes. 

2. Methods 

2.1. Patient characteristics 

We studied 115 consecutive patients with type 2 diabetes who were 
referred to the diabetes outpatient clinic at the Dokkyo Medical Uni
versity Hospital for optimization of glycemic control. Although most of 
the patients had participated in a previous randomized controlled trial 
of the sodium-glucose transport protein 2 inhibitor dapagliflozin [13], 
data were collected at baseline. Patients with excess alcohol consump
tion of more than 280 g/week for men and 140 g/week for women were 

excluded from the study. Also excluded were patients with liver diseases 
such as chronic hepatitis B and C, autoimmune hepatitis, and primary 
biliary cirrhosis. 

In all patients, we assessed body weight, body mass index (BMI), 
total fat mass, and laboratory values, including alanine aminotrans
ferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl 
transferase (GGT), low density lipoprotein cholesterol (LDL-choles
terol), platelet count (PLT), and serum creatinine. ALT, AST, and PLT 
were used to calculate the Fibrosis-4 (FIB-4) index with the following 
equation: FIB-4 = Age (years) × AST (U/L)/[PLT(109/L) × ALT1/2 (U/ 
L)]. Furthermore, serum creatinine was used to calculate the estimated 
glomerular filtration rate (eGFR). 

All participants gave written informed consent. The study was 
approved by the institutional review board of Dokkyo Medical Univer
sity and registered with the University Hospital Medical Information 
Network Clinical Trials Registry (UMIN000022155). The design and 
primary study results of our original study are reported elsewhere [14]. 

2.2. Sarcopenia 

Body composition was analyzed by bioelectrical impedance analysis 
with the InBody 720 Analyzer (InBody Japan Inc., Tokyo, Japan) which 
provides impedance for each segment, including the four limbs and the 
trunk, by performing multi-frequency measurements to estimate the 
appendicular skeletal muscle mass (ASM). In this study, the ASM was 
calculated as the sum of the lean muscle mass in the bilateral upper and 
lower limbs. We adopted the definition of sarcopenia developed by the 
National Institutes of Health Sarcopenia Project, which defines sarco
penia as an ASM to BMI ratio (ASM:BMI) of<0.789 in men and<0.512 in 
women [15]. In addition, we calculated the skeletal muscle mass index 
as ASM/height2 (kg/m2). 

2.3. Liver fibrosis 

FibroScan Transient elastography is an ultrasound-based elastog
raphy method that allows simultaneous evaluation of hepatic steatosis 
by measuring the controlled attenuation parameter (CAP) and liver 
fibrosis by measuring liver stiffness (LSM). LSM is strongly correlated 
with the stage of liver fibrosis assessed by concurrent liver biopsy [8]. 
On the basis of meta-analytic findings [16], we assumed the existence of 
significant liver fibrosis at an LSM value greater than or equal to 8.0 kPa. 
Furthermore, we defined significant hepatic steatosis as a CAP value 
greater than or equal to 280 dB/m [17]. 

2.4. Endothelial function 

Endothelial function was evaluated by reactive hyperemia (RH) pe
ripheral arterial tonometry (PAT) with an EndoPAT2000 system (Itamar 
Medical, Caesarea, Israel). Participants were assessed in a fasting state in 
the early morning before taking any medications. Endothelial function 
was measured as flow-mediated dilation determined with an arterial 
tonometer on the index fingertip. The RH index (RHI), which reflects the 
extent of RH, was automatically calculated by a computerized algorithm 
with an online system as the ratio of the mean pulse amplitude of the 
PAT signal over a 1-minute interval starting 1.5 min after cuff deflation 
in the control arm (C) and study arm (D) to the mean pulse amplitude of 
the PAT signal over a 2.5-minute interval before cuff inflation in the 
control arm (A) and study arm (B), i.e., as (C/D)/(A/B). Endothelial 
dysfunction was defined an RHI value below 1.67 [18,19]. The Fra
mingham Heart Study reported that RHI is inversely correlated with 
various cardiovascular risk factors [20]. 

2.5. Arterial stiffness 

The cardio-ankle vascular index (CAVI) was measured and auto
matically calculated with the VaSera system (Fukuda Denshi Co, Japan), 

Table 1 
Baseline demographic, clinical, and laboratory data for 115 patients with type 2 
diabetes.  

Variables  

N (m/f) 115 (70/45) 
Age (ys) 59.0 ± 13.8 
Duration of diabetes (ys) 10 (3, 20) 
Body weight (kg) 70.1 ± 16.1 
BMI 26.6 ± 4.7 
Total fat (kg) 22.9 ± 9.7 
ASM (kg) 19.9 ± 5.2 
ASM/BW (%) 28.2 ± 5.3 
ASM/BMI 0.756 ± 0.196 
SBP (mmHg) 129.4 ± 15.78 
DBP (mmHg) 74.1 ± 12.6 
FPG (mg/dl) 138.5 (112.8, 184.5) 
HbA1c (%) 9.2 ± 2.2 
LDL-C (mg/dl) 109.9 ± 33.0 
HDL-C (mg/dl) 49.8 ± 13.4 
Triglyceride (mg/dl) 155.0 ± 91.7 
eGFR (ml/min/1.73 m2) 76.0 ± 22.8 
UACR (mg/g) 23 (7, 84) 
Hematocrit (%) 43.1 ± 4.3 
AST (U/l) 27 (20, 44) 
ALT (U/l) 34.5 (20, 53) 
GGT (/l) 39.5 (23, 79.5) 
CAP (dB/m) 293.5 ± 61.1 
LSM (kPa) 6.3 (4.7, 8.85) 
Liver fibrosis (≥8.0 kPa); n (%) 31 (28%) 
Sarcopenia; n (%) 35 (33%) 
CAVI 8.85 ± 1.45 
RHI 1.72 ± 0.42 
BG/SU/DPP-4i/SGLT2i/Ins/GLP-1RA, n 73/41/62/9/26/6 
Hypertension, n (%) 60 (52) 
ARB + ACEI/CCB/Diuretics/β-blockers 38/33/11/14 
Statin use, n (%) 52 (45) 
Diabetic nephropathy  
Normoalbuminuria, n (%) 59 (51) 
Microalbuminuria, n (%) 36 (31) 
Macroalbuminuria, n (%) 15 (13) 

Data are the mean ± SD or the median and inter-quartile ranges. 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres
sure; FPG, fasting plasma glucose; Hb, hemoglobin; HDL, high-density lipopro
tein; eGFR, estimated glomerular filtration rate; UACR, urinary albumin 
creatinine ratio; AST, aspartate aminotransferase; ALT, alanine transaminase; 
GGT, γ-glutamyltranspeptidase; CAP, controlled attenuation parameter; LSM, 
liver stiffness measurement; FAST, FibroScan-AST score; BG, biguanide SU, 
sulfonylurea; DPP-4i, dipeptidyl peptidase-4 inhibitors; SGLT2i, sodium glucose 
co-transporter inhibitor-2 inhibitor; Ins, insulin; GLP-1 RA, glucagon-like pep
tide-1 receptor agonists; ARB, angiotensin II receptor blocker; ACEI, 
angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker. 
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according to the manufacturer’s recommendations [21]. To assess CAVI, 
electrocardiogram electrodes were placed on both wrists, a microphone 
(for phonocardiography) was placed on the sternum, and a blood pres
sure cuff was wrapped around each of the 4 limbs. CAVI values were 
automatically calculated with the following equation: CAVI = a [2ρ/ΔP 
× ln(Ps/Pd) × PWV2] + b, where ρ is the blood density; Ps and Pd are 
systolic and diastolic blood pressure, respectively (in mm Hg); and PWV 
is the pulse wave velocity from the origin of the aorta to the tibial artery 
at the ankle level. The CAVI was originally derived from the stiffness 
parameter β [21]. The cutoff values for the CAVI were determined by the 
Japan Society for Vascular Failure, as follows: normal, <8.0; borderline, 
8.0 to 8.9; and abnormal, greater than or equal to 9.0, and the Society 
uses a CAVI greater than or equal to 9.0 as the cutoff point for the 
presence of arteriosclerotic vascular disease [19,22]. 

2.6. Outcomes 

The main outcome measures of our study were endothelial 
dysfunction and arterial stiffness, respectively. 

We hypothesized that synergistic association of liver fibrosis and 
sarcopenia with endothelial dysfunction and arterial stiffness. To 
investigate whether liver fibrosis was associated with endothelial 
dysfunction and arterial stiffness, we used the cut-off LSM value to 
divide participants into subgroups with (LSM ≥ 8.0 kPa) or without 
(LSM < 8.0 kPa) significant liver fibrosis, and to investigate whether 
sarcopenia was associated with endothelial dysfunction and arterial 
stiffness, we used the above-mentioned cut-off values for the ASM:BMI 
ratio to divide participants into subgroups with or without sarcopenia. 
Then, we used the above definitions to divide patients into 4 groups: 
group A, no liver fibrosis and no sarcopenia (n = 45); group B, liver 

fibrosis but no sarcopenia (n = 25); group C, sarcopenia but no liver 
fibrosis (n = 23); and group D, both liver fibrosis and sarcopenia (n =
14). 

We also defined the composite of endothelial dysfunction (RHI <
1.67) and arterial stiffness (CAVI greater than 9.0) as an outcome. 
Compared with endothelial dysfunction or arterial stiffness alone, 
combining endothelial dysfunction with endothelial can improve diag
nostic sensitivity of vascular damage, since endothelial dysfunction and 
arterial stiffness are independently involved in development of CVD. 

2.7. Statistical analysis 

Data are presented as means ± SD or medians and interquartile 
ranges (IQR). Differences in normally distributed data were assessed by 
a 1-way analysis of variance with the Newman-Keuls multiple compar
ison test. For non-normally distributed data, differences between groups 
were analyzed by the Kruskal-Wallis test with Dunn’s multiple com
parison test. Correlations were determined by linear regression analysis 
or multivariate analysis. Logarithmic transformation of the urinary al
bumin creatinine ratio was used to render the distribution normal for 
parametric tests. A P value of<0.05 was considered statistically 
significant. 

3. Results 

The baseline characteristics of the study population are shown in 
Table 1. The mean age was 59.0 ± 13.8 years; mean BMI, 26.6 ± 4.7; 
mean CAVI, 8.85 ± 1.45; and mean RHI, 1.72 ± 0.42. 

Significant fibrosis (F2, LSM ≥ 8.0 kPa) was found in 28.0% of 111 
patients (Table 1). A FibroScan failure, defined as the inability to obtain 

Fig. 1. Reactive hyperemia index (RHI) with tonometry (A, C) and the cardio-ankle vascular index (B, D) in patients with type 2 diabetes with and without liver 
fibrosis and sarcopenia. 

T. Jojima et al.                                                                                                                                                                                                                                  



IJC Heart & Vasculature 41 (2022) 101071

4

10 valid measurements in a single patient, occurred in 5 participants. 
Body weight, BMI, total fat mass, AST, GGT, and the FIB-4 index were 
significantly higher in patients with liver fibrosis than in those without it 
(Supplementary Table 1). LDL-cholesterol and eGFR were significantly 
lower in patients with liver fibrosis than in those without it (Supple
mentary Table 1), as was RHI (1.57 ± 0.27 vs 1.78 ± 0.45, respectively; 
P = 0.0218; Fig. 1A), but CAP (Supplementary Table 1) and CAVI (9.42 
± 0.96 vs 8.73 ± 1.16, P = 0.0215; Fig. 1B) were significantly higher in 
those with than in those without fibrosis. 

Overall, 33.3.0% of patients had sarcopenia (Table 1). Body weight, 
BMI, and total fat mass were significantly higher in patients with sar
copenia than in those without it (Supplementary Table 2). RHI was 
significantly lower in patients with sarcopenia than in those without it 
(1.57 ± 0.34 vs 1.80 ± 0.43, respectively; P = 0.0150; Fig. 1C), but 
CAVI was not different between the two groups. 

Table 2 shows the comparison of the 4 groups of patients defined in 
the methods section above. RHI was significantly lower in group D (both 
liver fibrosis and sarcopenia) than in group A (no liver fibrosis and no 
sarcopenia; 1.51 ± 0.31 vs 1.89 ± 0.48, P < 0.01; Fig. 2A) and was 
lower in group C (sarcopenia but no liver fibrosis) than group A (1.61 ±
0.38 vs 1.89 ± 0.48, P < 0.05; Fig. 2A). In contrast, CAVI was signifi
cantly higher in group D than in group A (9.7 ± 1.2 vs 8.6 ± 1.2, P <
0.05; Fig. 2B). In addition, the urinary albumin to creatinine ratio was 
significantly higher in group D than in the other three groups (Table 2). 

We performed multivariate logistic regression analysis for the com
posite of endothelial dysfunction and arterial stiffness adjustments for 
all potential confounding factors. As shown in Table 3, only ASM/BMI 
and HDL- cholesterol were independent factor the composite of endo
thelial dysfunction and arterial stiffness. This suggests that sarcopenia 
may be associated strongly with vascular damage in people with type 2 
diabetes. 

We then performed receiver operating characteristic (ROC) curve 
analysis for detecting the composite of endothelial dysfunction and 
arterial stiffness in our patients. Analysis of ROC showed that the AUCs 
for HDL cholesterol and LSM were 0.636 (P = 0.041) and 0.682 (P =
0.006) for detecting the composite of endothelial dysfunction and 
arterial stiffness, respectively. 

4. Discussion 

To our knowledge, this is the first study to investigate in patients 
with type 2 diabetes the synergistic effects of liver fibrosis and sarco
penia on endothelial function and arterial stiffness, both of which are 
early markers or predictors of CVD. We simultaneously evaluated liver 
fibrosis and sarcopenia and found that both conditions had significant 
effects on the RHI and CAVI. 

The RHI was significantly lower in patients with liver fibrosis 
(defined as LSM ≥ 8.0 kPa), indicating that fibrosis is associated with 
endothelial dysfunction in people with type 2 diabetes. A previous study 
also found that serum ALT levels are related to impaired conduit vessel 
vascular endothelial function evaluated by brachial artery flow- 
mediated dilation in metabolically well-controlled patients with type 2 
diabetes [23], and another study showed that the RHI is associated with 
histological severity of liver fibrosis in people with NAFLD [5]. 

The CAVI was significantly higher in patients with liver fibrosis than 
in those without it, indicating that fibrosis is related to increased arterial 
stiffness in type 2 diabetes. A previous study reported that arterial 
stiffness is independently associated with LSM on FibroScan in biopsy- 
proven NAFLD [7]. Furthermore, a prospective study demonstrated 
that higher arterial stiffness predicted development of advanced liver 
fibrosis in patients with both type 2 diabetes and NAFLD [24]. Carotid- 
femoral PWV, which was used to estimate arterial stiffness in previous 
studies, is greatly influenced by blood pressure at the time of the 
assessment [25], and high blood pressure, a significant confounding 
factor for arterial stiffness, may transiently affect arterial stiffness during 
carotid-femoral PWV measurement [25]. CAVI, a new marker of arterial 
stiffness, is calculated on the basis of the β stiffness index and is inde
pendent of current blood pressure [15]. Therefore, one strength of our 
study is that—unlike previous studies that used heart-femoral PWV 
[5,7,24])—we evaluated the relationship between liver fibrosis and 
increased arterial stiffness more accurately by excluding the influence of 
blood pressure. Our findings expand previous observations by showing a 
significant association between liver fibrosis and the risk of developing 
CVD in patients with type 2 diabetes. 

Our finding that the RHI was significantly lower in patients with 

Table 2 
Patients characteristics and laboratory data in diabetic subgroups categorized 
according to the presence of liver fibrosis (LF) and/or sarcopenia (Sarco) in 
patients with type 2 diabetes.   

No LF/No 
Sarco 

LF/No 
Sarco 

No LF/Sarco LF/Sarco  

A B C D 
N (M/F) 45 (28/17) 25 (15/10) 23 (13/10) 14 (9/5) 
Age (years) 69.0 ±

13.5 
59.5 ±
10.5 

58.8 ± 17.3 63.9 ± 12.9 

Body weight (kg) 66.6 ±
14.5 

72.8 ±
14.2 

69.3 ± 19.5 73.1 ± 11.1 

BMI 24.6 ± 3.8 26.8 ±
3.8* 

28.0 ± 5.6† 29.1 ± 2.8‡

Total fat (kg) 18.2 ± 6.8 23.6 ±
7.7†

26.1 ±
10.6‡

27.1 ± 7.3‡

Total muscle (kg) 46.1 ±
10.6 

48.1 ± 9.5 44.0 ± 10.8 42.7 ± 9.4 

ASM (kg) 20.2 ± 5.1 21.4 ± 4.6 18.8 ± 5.5 17.6 ± 5.0§
ASM/BW (%) 30.1 ± 3.6 29.9 ± 6.5 25.9 ±

4.06‡|| 
23.9 ± 5.76‡# 

ASM/BMI 0.82 ±
0.17 

0.81 ±
0.30 

0.66 ±
0.16‡|| 

0.61 ± 0.18‡# 

SMI 7.35 ±
1.17 

7.84 ±
1.19 

7.35 ± 1.44 6.92 ± 1.66§

FPG (mg/dl) 160 ± 59 147 ± 54 151 ± 82 156 ± 51 
HbA1c (%) 9.2 ± 2.4 8.6 ± 1.9 9.2 ± 1.9 9.0 ± 0.5 
LDL-cholesterol 

(mg/dl) 
112.4 ±
31.7 

107.9 ±
38.3 

114.9 ±
31.9 

92.8 ± 25.4 

Triglyceride (mg/ 
dl) 

115 (90.5, 
159) 

127 (83, 
178) 

138 (88.75, 
239.5) 

132.5 (113.5, 
178.3) 

HDL-cholesterol 
(mg/dl) 

50.3 ±
13.3 

50.9 ±
17.1 

48.9 ± 10.8 46.2 ± 12.3 

eGFR (ml/min/ 
1.73 cm2) 

74.0 ±
24.2 

70.8 ±
15.2 

81.7 ± 22.5 69.5 ± 24.4 

UACR (mg/g) 39.0 (18.5, 
178.0) 

40.0 (12.5, 
453.5) 

48.0 (14.5, 
893.5) 

101.5 (20.5, 
350.5)†§** 

Hemoglobin (g/dl) 14.5 ± 1.6 14.2 ± 1.5 14.1 ± 1.5 13.9 ± 1.6 
AST (U/l) 22 (7, 

31.5) 
39 (20, 52) 
†

27 (21.75, 
44.5)* 

45.5 (25.75, 
65.35) †

ALT (U/l) 29 (16.5, 
39) 

45 (17.5, 
59.5)* 

35.5 (21, 
53) 

52 (22.75, 
77.25) †

GGT (U/l) 31 (17.5, 
57.5) 

50 (35, 76) 
* 

37.5 (23.75, 
70) 

72.5 (34.25, 
170) †

Fib-4 index 1.07 (0.69, 
1.61) 

1.24 (0.88, 
2.22) 

1.72 (0.71, 
2.23) 

1.80 (1.25, 
2.25)* 

CAP 275.7 ±
65.9 

315.3 ±
52.1†

288.2 ±
58.2 

330.7 ± 32.4†
** 

LSM 5.1 ± 1.6 11.8 ±
6.8‡

5.9 ± 0.9# 14.0 ± 5.0‡ ‡‡

Hypertension (n; 
%) 

21 (47%) 14 (56%) 12 (52% 8 (57%) 

CVD (n, %) 7 (16%) 2 (8%) 4 (17%) 1 (7%) 

Data are the mean ± SD or the median and inter-quartile ranges. * P < 0.05, † P 
< 0.01, ‡ P < 0.001 vs. Group A; § P < 0.05, || P < 0.01, #P < 0.001 vs. Group B; 
**P < 0.05, ††P < 0.01, ‡‡ P < 0.001 vs. Group C. 
BMI, body mass index; ASM, appendicular skeletal muscle mass; SMI, skeletal 
muscle mass index; FPG, fasting plasma glucose; Hb, hemoglobin; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine 
transaminase; GGT, γ-glutamyltranspeptidase; eGFR, estimated glomerular 
filtration rate; UACR, urinary albumin creatinine ratio; CAP, controlled atten
uation parameter; LSM, liver stiffness measurement; CVD, cardiovascular 
disease. 
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sarcopenia than in those without it indicates that sarcopenia is associ
ated with endothelial dysfunction in patients with type 2 diabetes. A 
previous study also reported a relationship between frailty/sarcopenia 
and endothelial dysfunction evaluated by flow-mediated dilation in frail 
older people [26]. Although we could not confirm the relationship be
tween sarcopenia and arterial stiffness in our study, a previous study 
demonstrated that sarcopenia is independently associated with arterial 
stiffness by showing a negative correlation between PWV and skeletal 
muscle mass or skeletal muscle mass index in community indwelling 
older adults [26]. In another study, CAVI was associated with skeletal 
muscle mass index in community indwelling Japanese men [27]. Thus, 
sarcopenia is an important prognostic factor for outcomes with cardio
vascular events, including coronary artery disease or ischemic stroke, 
independent of other major CV risks. 

The present study showed for the first time that patients with type 2 
diabetes and both liver fibrosis and sarcopenia have more severe 
endothelial dysfunction and arterial stiffness than patients without both 
conditions because, among the four subgroups, these patients had the 
lowest RHI and highest CAVI. These results indicate that synergistic 
effects of coexisting liver fibrosis and sarcopenia result in vascular 
damage and thus contribute to the high risk of CVD in people with type 2 
diabetes. Sarcopenia carries out and increased risk for NASH and 

significant liver fibrosis in people with NAFLD [28]. A prospective study 
demonstrated that concurrent sarcopenia and NAFLD conferred a two- 
fold higher risk of mortality [29]. Sarcopenia and NAFLD with fibrosis 
share some pathophysiology, such as insulin resistance, inflammation, 
and increased oxidative stress [30]. Taken together, these results show 
that sarcopenia and NAFLD additively increase mortality, suggesting 
that risk stratification would be helpful in predicting mortality in people 
with type 2 diabetes. 

We also found that, among the four subgroups, urinary albumin 
excretion was highest in patients with both liver fibrosis and sarcopenia. 
Albuminuria is not only a predictor of progressive diabetic kidney dis
ease but also a marker of endothelial dysfunction. A prospective study 
demonstrated that low-grade albuminuria may be an independent risk 
factor for NAFLD with significant fibrosis in patients with type 2 dia
betes [31], suggesting that albuminuria may be a possible marker of 
adverse development of NAFLD with fibrosis. On the other hand, a cross- 
sectional study reported that sarcopenia itself was associated with an 
increased risk of albuminuria independent of hypertension, diabetes, 
and metabolic syndrome [32], suggesting that liver fibrosis and sarco
penia have a synergistic effect on the increased risk of albuminuria. 
Taken together, findings indicate that concurrent liver fibrosis and 
sarcopenia synergistically affect urinary albumin excretion, thus 
contributing to the high risk of CVD and diabetic kidney disease in 
people with type 2 diabetes. 

The present study has several limitations. First, the cross-sectional 
design did not allow us to prove the existence of a causal relationship 
between liver fibrosis and/or sarcopenia and vascular damage. Second, 
the number of participants was small, so we need to repeat the study in a 
larger number of participants to confirm our findings. Third, we did not 
perform liver biopsy to confirm liver fibrosis. However, although liver 
biopsy is the gold standard for assessing liver fibrosis, accumulating 
evidence suggests that transient elastography with FibroScan is strongly 
correlated with the stage of liver fibrosis assessed by concurrent liver 
biopsy [8]. Nevertheless, it is still recommended that clinical studies 
include liver biopsy to validate their results. The final limitation is a lack 
of data on gait speed or grip strength, which provide a functional 
measure of sarcopenia, because measurement of muscle mass does not 
provide information on muscle quality. 

In conclusion, liver fibrosis and sarcopenia are independently asso
ciated with endothelial dysfunction and arterial stiffness in patients with 
type 2 diabetes. Furthermore, coexistence of liver fibrosis and sarcope
nia may synergistically lead to vascular damage and thus contribute to 
the high risk of cardiovascular disease in people with type 2 diabetes. 

Funding. 

Fig. 2. Reactive hyperemia index (RHI) with tonometry (A) and the cardio-ankle vascular index (B) among four subgroups of patients with type 2 diabetes defined 
according to the presence or absence of liver fibrosis and presence or absence of sarcopenia. 

Table 3 
Multiple logistic regression analysis for the composite of endothelial dysfunction 
and arterial stiffness.  

Variables B S.E. Wald Odds ratio P-values 

Sex (male/female)  1.613  1.129  2.042  5.020  0.153　 
Age (years)  0.056  0.046  1.484  1.057  0.223 
Body weight  0.084  0.080  1.108  1.088  0.292 
Total fat (kg)  − 0.140  0.116  1.454  0.870  0.228 
ASM/BMI  − 9.752  4.394  4.925  0.000  0.026 
HbA1c (%)  − 0.025  0.160  0.024  0.976  0.878 
LDL cholesterol (mg/dl)  − 0.011  0.011  0.996  0.989  0.318 
HDL cholesterol (mg/dl)  0.053  0.025  4.440  1.054  0.035 
Triglyceride (mg/dl)  0.002  0.004  0.250  1.002  0.617 
eGFR (ml/min/1.73 m2)  0.001  0.018  0.001  1.001  0.973 
ALT (U/l)  0.009  0.012  0.508  0.850  0.476 
Fib-4 index  − 0.163  0.399  0.166  0.992  0.683 
CAP (db/m)  − 0.008  0.006  1.623  0.992  0.203 
LSM (kPa)  0.086  0.066  1.723  1.090  0.189 

ASM, appendicular skeletal muscle mass; BMI, body mass index; LDL, low- 
density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomer
ular filtration; ALT, alanine transaminase; CAP, controlled attenuation param
eter; LSM, liver stiffness measurement. 
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V. Di Marco, A. Licata, F. Magliozzo, G. Marchesini, G. Merlino, A. Craxì, A. Pinto, 
Reactive hyperemia index (RHI) and cognitive performance indexes are associated 
with histologic markers of liver disease in subjects with non-alcoholic fatty liver 
disease (NAFLD): a case control study, Cardiovasc. Diabetol. 17 (1) (2018) 28. 

[6] C. Vlachopoulos, E. Manesis, K. Baou, G. Papatheodoridis, J. Koskinas, D. Tiniakos, 
K. Aznaouridis, A. Archimandritis, C. Stefanadis, C. Vlachopoulos, E. Manesis, 
K. Baou, G. Papatheodoridis, J. Koskinas, D. Tiniakos, K. Aznaouridis, 
A. Archimandritis, C. Stefanadis, Increased arterial stiffness and impaired 
endothelial function in nonalcoholic Fatty liver disease: a pilot study, Am. J. 
Hypertens. 23 (11) (2010) 1183–1189. 

[7] B.O. Bilgin, M. Sunbul, H.T. Kani, C.O. Demirtas, C. Keklikkiran, Y. Yilmaz, Arterial 
stiffness is associated independently with liver stiffness in biopsy-proven 
nonalcoholic fatty liver disease: a transient elastography study, Eur. J. 
Gastroenterol. Hepatol. 32 (1) (2020) 54–57. 

[8] D. Roulot, J.-L. Costes, J.-F. Buyck, U. Warzocha, N. Gambier, S. Czernichow, H. Le 
Clesiau, M. Beaugrand, Transient elastography as a screening tool for liver fibrosis 
and cirrhosis in a community-based population aged over 45 years, Gut 60 (7) 
(2011) 977–984. 

[9] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper C, 
Landi F, Rolland Y, Sayer AA, Schneider SM, Sieber CC, Topinkova E, Vandewoude 
M, Visser M, Zamboni M; Writing Group for the European Working Group on 
Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group for EWGSOP2. 
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. 
2019;48(1):16-31. 

[10] T.N. Kim, M.S. Park, S.J. Yang, H.J. Yoo, H.J. Kang, W. Song, J.A. Seo, S.G. Kim, N. 
H. Kim, S.H. Baik, D.S. Choi, K.M. Choi, Prevalence and determinant factors of 
sarcopenia in patients with type 2 diabetes: the Korean Sarcopenic Obesity Study 
(KSOS), Diabetes Care 33 (7) (2010) 1497–1499. 

[11] A. Izzo, E. Massimino, G. Riccardi, P.G. Della, A narrative review on sarcopenia in 
type 2 diabetes mellitus: prevalence and associated factors, Nutrients. 13 (1) 
(2021) 183. 

[12] S.O. Chin, S.Y. Rhee, S. Chon, Y.C. Hwang, I.K. Jeong, S. Oh, K.J. Ahn, H.Y. Chung, 
J.T. Woo, S.W. Kim, J.W. Kim, Y.S. Kim, H.Y. Ahn, Chin SO, Rhee SY, Chon S, 
Hwang YC, Jeong IK, Oh S, Ahn KJ, Chung HY, Woo JT, Kim SW, Kim JW, Kim YS, 
Ahn HY, PLoS ONE 8 (3) (2013), e60119. 

[13] Y. Aso, K. Kato, S. Sakurai, H. Kishi, M. Shimizu, T. Jojima, T. Iijima, Y. Maejima, 
K. Shimomura, I. Usui, Impact of dapagliflozin, an SGLT2 inhibitor, on serum levels 
of soluble dipeptidyl peptidase-4 in patients with type 2 diabetes and non-alcoholic 
fatty liver disease, Int. J. Clin. Pract. 73 (5) (2019) e13335, https://doi.org/ 
10.1111/ijcp.2019.73.issue-510.1111/ijcp.13335. 

[14] M. Shimizu, K. Suzuki, K. Kato, T. Jojima, T. Iijima, T. Murohisa, M. Iijima, 
H. Takekawa, I. Usui, H. Hiraishi, Y. Aso, Evaluation of the effects of dapagliflozin, 
a sodium-glucose co-transporter-2 inhibitor, on hepatic steatosis and fibrosis using 
transient elastography in patients with type 2 diabetes and non-alcoholic fatty liver 
disease, Diabetes Obes Metab. 21 (2) (2019) 285–292. 

[15] S.A. Studenski, K.W. Peters, D.E. Alley, P.M. Cawthon, R.R. McLean, T.B. Harris, 
L. Ferrucci, J.M. Guralnik, M.S. Fragala, A.M. Kenny, D.P. Kiel, S.B. Kritchevsky, M. 
D. Shardell, T.T. Dam, M.T. Vassileva, The FNIH sarcopenia project: rationale, 
study description, conference recommendations, and final estimates, J Gerontol A 
Biol Sci Med Sci. 69 (5) (2014) 547–558. 

[16] M. Friedrich–Rust, M. Ong, S. Martens, C. Sarrazin, J. Bojunga, S. Zeuzem, 
E. Herrmann, Performance of transient elastography for the staging of liver 
fibrosis: a meta-analysis, Gastroenterology 134 (4) (2008) 960–974.e8. 

[17] T. Karlas, D. Petroff, M. Sasso, J.-G. Fan, Y.-Q. Mi, V. de Lédinghen, M. Kumar, 
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