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Excess Visceral Adipose Tissue Worsens the Vascular
Endothelial Function in Patients with
Type 2 Diabetes Mellitus

Akira Kurozumi, Yosuke Okada, Tadashi Arao and Yoshiya Tanaka

Abstract

Objective Visceral fat obesity and metabolic syndrome correlate with atherosclerosis in part due to insulin
resistance and various other factors. The aim of this study was to determine the relationship between vascular
endothelial dysfunction and excess visceral adipose tissue (VAT) in Japanese patients with type 2 diabetes
mellitus (T2DM).

Methods In 71 T2DM patients, the reactive hyperemia index (RHI) was measured using an Endo-PAT
2000, and VAT and subcutaneous adipose tissue (SAT) were measured via CT. We also measured various
metabolic markers, including high-molecular-weight adiponectin (HMW-AN).

Results VAT correlated negatively with the natural logarithm of RHI (L_RHI), the primary endpoint (p=
0.042, r=-0.242). L_RHI did not correlate with SAT, VAT/SAT, abdominal circumference, homeostasis model
assessment for insulin resistance, urinary C-peptide reactivity, HMW-AN, or alanine amino transferase, the
secondary endpoints. A linear multivariate analysis via the forced entry method using age, sex, VAT, and
smoking history as independent variables and L_RHI as the dependent variable revealed a lack of any deter-
minants of L_RHI.

Conclusion Excess VAT worsens the vascular endothelial function, represented by RHI which was analyzed

using Endo-PAT, in Japanese patients with T2DM.
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Introduction

In 2011, the number of patients with diabetes mellitus
(DM) in Japan was estimated to be approximately 10.7 mil-
lion. Although the absolute number of obese individuals in
Japan is less than in Europe and the United States, the
prevalence of DM is high in this country. This is reportedly
due to genetically low insulin secretion capacity as well as
insulin resistance in individuals with excess visceral adipose
tissue (VAT) and fatty liver (1).

Visceral fat obesity and metabolic syndrome are linked to
atherosclerosis related to high insulin resistance, oxidative
stress (2), adipokine dysregulation, and excess free fatty ac-
ids (which causes vascular dysfunction) (3). Furthermore,

the pathological process of atherosclerosis is known to be
initiated by vascular endothelial dysfunction (4). Particularly
in patients with type 2 DM (T2DM), vascular endothelial
dysfunction plays an important role in the progression of
macrovasculopathies (5). It was reported in The Framingham
Heart Study that vascular endothelial function assessed by
peripheral arterial tonometry (Endo-PAT) was worse in dia-
betic patients than in healthy individuals (6). In addition, we
have also reported that the standard deviation (SD) and the
mean amplitude of glycemic excursions (MAGE), i.e. indi-
ces of fluctuations in blood glucose as determined by con-
tinuous glucose monitoring (CGM), correlate significantly
with vascular endothelial function (7).

Several studies have reported a positive relationship be-
tween atherosclerosis and obesity or excess VAT in subjects
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with vascular endothelial dysfunction assessed via flow-
mediated dilatation (FMD). However, no studies in patients
with T2DM have used Endo-PAT to assess the relationship
between vascular endothelial dysfunction and obesity or ex-
cess VAT. The purpose of this retrospective study was to de-
termine the association between vascular endothelial func-
tion and excess VAT using Endo-PAT in Japanese patients
with T2DM.

Materials and Methods

Subjects

The study subjects were in-patients with T2DM admitted
to the Department of Endocrinology, Metabolism and Diabe-
tes, University of Occupational and Environmental Health
Japan, between November 2010 and March 2014. Patients
on insulin therapy or thiazolidine, with type 1 diabetes mel-
litus, who were pregnant or planning to become pregnant,
and those with arrhythmias confirmed by electrocardiogra-
phy (ECG) were excluded from the study. The Institutional
Review Board of the University of Occupational and Envi-
ronmental Health approved this study.

Study design

Each participant had their reactive hyperemia index (RHI)
measured using an Endo-PAT 2000 under fasting conditions
within 7 days of hospitalization. Changes in prescribed
medications, including oral glucose-lowering agents, before
Endo-PAT were prohibited. VAT and subcutaneous adipose
tissue (SAT) were measured via computed tomography
(CT). Blood samples were collected under fasting conditions
in the morning for measurement of fasting plasma glucose
(FPG), hemoglobin Alc (HbAlc), immunoreactive insulin
(IRI), triglyceride (TG), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
high-molecular-weight adiponectin (HMW-AN), aspartate
amino transferase (AST), alanine amino transferase (ALT),
v-glutamyltranspeptidase (y-GTP), creatinine (Cre), and esti-
mated glomerular filtration rate (eGFR).

The primary endpoint was the correlation between VAT
and natural logarithmic-scaled RHI (L_RHI). The secondary
endpoint was the correlation between L_RHI and SAT, VAT/
SAT, abdominal circumference (AC), the homeostasis model
assessment for insulin resistance (HOMA-IR), urinary C-
peptide reactivity (u-CPR), HMW-AN, and ALT.

Measurements

Blood samples were collected early in the morning after
at least 12-h fasting, through a venous line placed in the
median vein using an indwelling catheter. PG level was
measured with the glucose oxidase method. HbAlc was
measured via high-performance liquid chromatography
(HPLC) using a Tosoh HLC-723G8 (Tosoh, Kyoto, Japan).
HbAlc (%) was estimated as the National Glycohemoglobin
Standardization Program (NGSP) equivalent value, which

was calculated as HbAlc (NGSP) (%) = HbAlc (JDS) (%)
+ 0.4%, considering the relationship of HbAlc (NGSP) val-
ues to HbAlc (JDS) (%) values determined by the Japanese
standard and measurement method. HOMA-IR, which repre-
sents insulin resistance, was calculated using the following
formula: HOMA-IR = Fasting glucose level x Fasting insu-
lin level + 405. Measurement of lipid profiles and other
markers was outsourced to SRL Co. (Tokyo, Japan). Plasma
lipid was measured with a Hitachi 7,350 autoanalyzer (Hi-
tachi, Tokyo, Japan). LDL-C was measured using the colest-
est LDL (Sekisui Medical, Tokyo, Japan) by the direct
method. HDL-C was measured using the colestest NHDL
(Sekisui Medical) by the direct method. TG was measured
using the pureanto STG-N (Sekisui Medical) by the enzy-
matic method. HMW-AN was measured via a chemilumi-
nescent enzyme immunoassay. u-C-peptide reactivity (CPR)
level was measured in 24-h urine samples.

Assessment of endothelial function with Endo-PAT

The vascular endothelial function was assessed in all 71
patients using the Endo-PAT 2000. The method used for
digital measurement of vascular endothelial function using
PAT has been described in detail previously (8). After a 30-
min acclimatization period in a room controlled for tempera-
ture and light, the baseline pulse amplitude was recorded in
fasting patients over a period of 5 min before the induction
of ischemia. Ischemia was induced by placing a blood pres-
sure cuff on the upper arm, while the opposite arm served
as a control. The PAT probes were placed on one finger of
each hand. After 5 min, the blood pressure cuff was inflated
to 60 mmHg above the systolic pressure or to 200 mmHg
for 5 min and then deflated to induce reactive hyperemia.
As a measure of reactive hyperemia, RHI was calculated as
the ratio of the average amplitude of the PAT signal over 1
min, beginning 1.5 min after cuff deflation (control arm, A;
occluded arm, C) divided by the average amplitude of the
PAT signal over the 2.5-min time period before cuff infla-
tion (baseline) (control arm, B; occluded arm, D). Thus,
RHI = [(C/D) / (A/B) x baseline correction]. Because RHI
has a heteroscedastic error structure, we used natural loga-
rithm transformation in all analyses.

Statistical analysis

Data were expressed as the mean = SD. Normality was
determined using the Shapiro-Wilk test. Values of RHI
showed skewed distribution, and accordingly, we used L_
RHI in the present study. For two-sample comparison, the
two sample t-test was used. For univariate analysis, we used
Pearson correlation analysis for normally distributed vari-
ables and Spearman rank correlation for variables with
skewed distribution. A multivariate stepwise regression
analysis was conducted using RHI as the dependent variable
and several parameters found to be significantly related to L
_RHI on univariate analysis. The level of significance was
set as p<0.05. All statistical analyses were performed using
the Statistical Software Package for Social Association, ver-

3092



Intern Med 55: 3091-3095, 2016 DOI: 10.2169/internalmedicine.55.6940

Table 1. Baseline Characteristics and Laboratory Data of All Patients.
Parameter Mean + SD (range) Parameter Mean + SD (range)
Sex (male: female) (37:34) HbAlc (%) 9.0+ 1.8 (6.2-13.7)
Age (years) 56.5+ 12.1 (22-84) FPG (mg/dL) 152.6 = 49.0 (74-306)
Diabetic duration (years) 5.7+6.2(1-22) HOMA-IR 3.2+2.9(0.4-13.5)
Body weight (kg) 66.9 + 18.0 (38.0-140.0)  u-C peptide (ng/day) 78.4 £ 56.3 (8.8-297.8)
Body mass index (kg/m?) 26.0 £ 6.0 (16.7-53.8) AST (IU/L) 30.2 £26.2 (9-188)
AC (cm) 92.7+13.9(61-154)  ALT (IU/L) 36.3 +32.1 (6-207)
VAT (cm?) 144.0 + 63.4 (7-352)  y-GTP (IU/L) 68.3 +92.7 (4-553)
SAT (cm?) 186.0 £ 119.9 (13-650)  Cre (mg/dL) 0.7+0.2(0.3-1.4)
V/S 0.95+0.51 (0.22-3.04)  eGFR (mL/min) 90.0 +28.2 (39.2-212.6)
SBP (mmHg) 128.7+21.2(90-199)  LDL-C (mg/dL) 123.9 + 36.5 (65-249)
DBP (mmHg) 73.5+11.9 (44-100)  HDL-C (mg/dL) 49.6 % 14.1 (29-94)
Use of sulfonyl urea 20/28.2 TG (mg/dL) 165.4 £120.5 (59-809)
(N/%)
Use of DPP4-T (N/%) 28/39.4 L RHI 0.56 +0.24 (0.03-1.03)
Use of statin (N/%) 25/35.2 RHI 1.80 +0.44 (1.03-2.81)
Use of ARB (N/%) 21/29.6 HMW-AN (ug/mL) 5.0+ 7.0 (0.2-52.5)

Data are mean + SD or number (range: minimum-maximum).

HbAlc levels were converted to NGSP levels (formula: NGSP = JDS + 0.4%).

AC: abdominal circumference, VAT: visceral adipose tissues, SAT: subcutaneous adipose tissues, V/S: VAT
SAT ratio, SBP: systolic blood pressure, DBP: diastolic blood pressure, DPP4-I: Dipeptidyl Peptidase 4-
inhibitor, ARB: angiotensin II receptor blocker, HbAlc: hemoglobin Alc, FPG: fasting plasma glucose,
HOMA-IR: homeostasis model assessment insulin resistance, AST: aminotransferase, ALT: alanine
aminotransferase, y-GTP: y-glutamyl transpeptidase, eGFR: estimated glomerular filtration rate, LDL: low-
density lipoprotein, HDL: high-density lipoprotein, TG: triglyceride, L_RHI: the natural logarithmic scaled
reactive hyperemia index, HMW-AN: high molecular weight-adiponectin

sion 22.0 (SPSS Inc., Chicago, USA).

Results

Clinical characteristics

The demographic details are shown in Table 1. Of the 71
participants, 37 were men and 34 were women. The mean
age of participants was 56.5+12.1 years. The participants
were mildly obese, with a mean body mass index (BMI)
of 26.0+6.0 kg/m’ and a large amount of VAT (144.0+63.4
cm’). Blood glucose was generally poorly controlled on ad-
mission, with a mean HbAlc level of 9.0+1.8%. In addition,
participants tended to be insulin-resistant, with a mean
HOMA-IR of 3.2+2.9 and u-CPR level of 78.4+56.3 pg/day.
Other findings included LDL-C level of 123.9+36.5 mg/dL,
HDL-C level of 49.6+14.1 mg/dL, and TG level of 165.4+
120.5 mg/dL, indicating hypertriglyceridemia.

Efficacy outcome

VAT correlated significantly with HOMA-IR and urinary
C peptide excretion rate and negatively with HMW-AN,
HDL-C, and L_RHI (Figure). Table 2 shows the correlation
between L_RHI and various clinical and laboratory parame-
ters. There was a negative correlation between VAT and L_
RHI, the primary endpoint (p=0.042, r=-0.242, Table 2, Fig-
ure). However, L_RHI did not correlate with SAT, VAT/SAT,
AC, HOMA-IR, u-CPR, HMW-AN, or ALT, the secondary
endpoints (Table 2).

With regard to the factors known to affect L_RHI level,
there were no relationships between L_RHI and sex or the
use or non-use of medications, such as sulfonylureas, dipep-

tidyl peptidase-4 (DPP-4) inhibitors, statins, and angiotensin
II receptor blockers (ARB) at admission (data not shown).

A linear multivariate analysis with the forced entry
method using age, sex, VAT and a history of smoking as in-
dependent variables and L_RHI as the dependent variable
revealed a lack of any determinants of L_RHI, as our study
enrolled only 71 participants and over half used medications
which affect RHI.

Discussion

The present study used Endo-PAT to demonstrate that ex-
cess VAT correlated with vascular endothelial dysfunction in
Japanese patients with T2DM.

The Framingham Offspring Study examined the associa-
tion between atherosclerosis and excess VAT and reported
that percent FMD (%FMD), after multivariate adjustment,
correlated negatively with VAT but not with SAT (9). In a
study using Endo-PAT, RHI correlated negatively with BMI,
FPG, and HOMA-IR in obese pre-diabetic patients. How-
ever, no reference was made to the relationship between
RHI and visceral fat accumulation (10). Our study is impor-
tant because there are no previous studies that used Endo-
PAT in patients with T2DM to show the association between
excess VAT and vascular endothelial dysfunction. Further-
more, BMI, which correlated negatively with RHI in the
aforementioned study (10), did not correlate with RHI in the
present study, indicating that VAT is a more important factor
in vascular endothelial dysfunction in Japan because of the
smaller percentage of obese people than in the United States
and Europe.

How can excess VAT affect the pathological process of
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Results of a univariate analysis using the Pearson correlation analysis for normally distrib-

uted variables and Spearman rank correlation for variables with skewed distribution. Correlation
was assessed between excess visceral adipose tissue (VAT) and (A) natural logarithmic reactive hy-
peremia index (L_RHI), (B) high-molecular-weight adiponectin (HMW-AN), (C) homeostasis model
assessment for insulin resistance (HOMA-IR), (D) high-density lipoprotein cholesterol (HDL-C), and

(E) urinary C-peptide reactivity (u-CPR).

Table 2. Univariate Linear Regres-
sion Analysis for Predicting L._RHI.

media thickness (determined by carotid artery ultrasonogra-

Variable

Univariate Analysis

r p value
Age -0.135 0.261
Duration of diabetes -0.017 0.891
Body mass index -0.041 0.733
AC -0.057 0.637
VAT -0.242 0.042
SAT -0.003 0.979
VAT/SAT -0.139 0.248
HbAlc -0.057 0.638
FPG -0.131 0.277
HOMA-IR -0.054 0.659
u-C peptide -0.087 0.483
AST -0.021 0.864
ALT -0.063 0.599
AST/ALT 0.026 0.832
v-GTP -0.067 0.577
eGFR 0.053 0.658
LDL-C 0.015 0.899
HDL-C 0.038 0.755
TG 0.067 0.577
HMW-AN 0.130 0.280

phy) correlated negatively with AN and positively with
HOMA-IR and leptin/AN, whereas %FMD correlated nega-
tively with leptin and leptin/AN (but not with AN) in
healthy subjects. These reports suggest the importance of
adipocytokine secretion abnormalities. Another intervention
study that used Endo-PAT reported that an eight-week high-
fat diet in healthy subjects reduced RHI and increased body
weight, BMI, AC, VAT, high-sensitivity C-reactive protein,
leptin, FPG, and HOMA-IR (13). VAT correlated signifi-
cantly with HOMA-IR and urinary C peptide excretion rate
and negatively with HMW-AN and HDL-C in the present
study. These results suggest that excess VAT induced insulin
resistance and hypoadiponectinemia (Figure). However, with
regard to the mechanism of vascular endothelial dysfunction
with excess VAT, there was no correlation between L_RHI
and HMW-AN in this study. This observation might be due
to secretion abnormalities of other adipocytokines, such as
leptin, oxidative stress, and inflammatory cytokines.

Abbreviations as in Table 1.

With regard to univariate analysis, we used
Pearson correlation analysis for normally
distributed variables and Spearman rank
correlation  for with  skewed
distribution.

variables

atherosclerosis? Torigoe et al. (11) showed a positive corre-
lation between %FMD and HMW-AN in healthy subjects.
Furthermore, Narita et al. (12) reported that the intima-

This study is associated with some limitations. First, it
was a retrospective study involving a small sample size.
Therefore, a prospective study with a larger number of pa-
tients is needed for future validation. Second, we did not ex-
amine adipocytokines other than HMW-AN, oxidative stress,
or inflammatory cytokines. Third, although patients using
insulin and thiazolidinediones were excluded, many patients
already on oral glucose-lowering agents, such as sulfony-
lureas and DPP-4 inhibitors, statins, and ARBs were in-
cluded. These factors may account for the failure to identify
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the mechanism through which excess VAT can cause vascu-
lar endothelial dysfunction. Future studies involving a larger
number of untreated patients are thus needed.

In this study using Endo-PAT, we found that excess VAT
worsens the vascular endothelial function in Japanese pa-
tients with T2DM.
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