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Abstract

Objective: Besides its major role in the regulation of food intake and energy expenditure, leptin is involved
in the pathogenesis of obesity-associated atherosclerosis. However, the clinical association between leptin and
arterial stiffness, a surrogate marker for cardiovascular disease, has not been fully elucidated. This study aimed to
investigate the association between the plasma leptin level and arterial stiffness in patients with type 2 diabetes.

Methods: Three hundred eighteen patients with type 2 diabetes, of which 155 were overweight (body mass
index = 25 kg/m?), were included in this study. Fasting plasma leptin levels were measured by enzyme-linked
immunosorbent assay. Stiffness of the common carotid artery was evaluated by ultrasonography using Peterson’s
elastic modulus (Ep) and arterial compliance (AC). Aortic stiffness was assessed by measuring the pulse wave
velocity (PWV) in the heart-femoral segment.

Results: The mean age, duration of diabetes, and body mass index of the subjects were 60 years, 6 years, and
25.4 kg/m?, respectively. Plasma leptin levels were higher in the overweight group than in the lean group (median, 5.8
vs. 2.4 ng/mL). Multiple regression analyses adjusted by age, sex, body mass index, and other cardiovascular risk
factors revealed that the plasma leptin level was independently associated with carotid Ep and AC in the overweight
group, but not in the lean group. The plasma leptin level was not independently associated with aortic PWV in either
group.

Conclusion: The plasma leptin level is associated with carotid arterial stiffness in overweight type 2 diabetes
patients, independently of obesity and traditional cardiovascular risk factors. This study indicates an unfavorable

effect of leptin on carotid arterial stiffness in diabetes with obesity.
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Introduction

Obesity is a major factor contributing to the development of
atherosclerotic cardiovascular diseases (CVDs), independently or
in combination with co-existing risk factors such as hypertension,
dyslipidemia, insulin resistance, and type 2 diabetes (T2D) [1-3]. Aortic
stiffness, as evaluated by measuring the aortic pulse wave velocity
(PWYV), is not only associated with aging and various CVD risk factors
but also has an independent predictive value for CVDs in the general
population, elderly subjects, and patients with hypertension, T2D, and
end-stagerenal disease [4,5]. Additionally, several studies have indicated
that carotid arterial stiffness, which can be evaluated non-invasively by
ultrasonography, is associated with the risk of CVD [6-9] and mortality
[10,11], although the results are not consistent [4,12]. Previous studies
involving a large number of subjects showed that obesity or visceral
adiposity is independently associated with increased aortic [13-16] and
carotid [17-20] stiffness. However, pathophysiological mechanisms
linking visceral obesity to arterial stiffening are not fully understood,

although insulin resistance and increased levels of circulating leptin
and proinflammatory cytokines have been proposed [3].

Recent studies have shown that, besides its major role in energy
metabolism, leptin is involved in the pathogenesis of atherosclerosis,
including vascular cell proliferation and dysfunction, inflammation,
thrombosis, and calcification, and have suggested that an increased
plasma leptin level contributes to atherosclerotic CVDs in obese
subjects [1,21]. The predictive value of the plasma leptin level for
coronary artery disease has been demonstrated in population-based
studies [22,23]. Several studies have investigated the clinical impact
of leptin on vascular morphology and function. The plasma leptin
level was associated with intima-media thickness (IMT) of the carotid
artery in healthy subjects [24] and in psoriasis patients [25], but not
significantly in other studies in the community individuals [26] and
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in diabetic patients [27,28], possibly due to population variability.
Our research group previously reported that plasma leptin levels were
associated with carotid IMT in patients with T2D receiving insulin
therapy, independent of obesity and other CVD risk factors [29].

Regarding arterial stiffness, several studies have shown that
plasma leptin is positively associated with aortic PWV in the general
population [30,31] and in patients with nonalcoholic fatty liver disease
[32], but not significantly in patients with T2D [14,33]. The plasma
leptin level was also independently associated with arterial compliance
as measured by the Finometer in obese hypertensive women [34].
On the other hand, limited studies are available on the relationship
between leptin and elastic properties of local arteries measured by
ultrasonography [27,35], which showed the association of serum leptin
with elastic function of the brachial artery [35] or the common carotid
artery [27] in adolescents.

Previous studies, including our own [36-38], have consistently
shown that diabetic individuals have greater stiffness of the aorta
[39,40] and the carotid artery [36,38,41,42] than non-diabetic controls.
However, to date, no study has examined the association between leptin
and arterial stiffness by simultaneously evaluating vascular stiffness
of the aorta and local arteries in patients with T2D. Therefore, in this
cross-sectional study, we investigated the association of the plasma
leptin level with local stiffness of the carotid artery and aortic PWV in
T2D patients.

Materials and Methods

Subjects

We consecutively enrolled 318 subjects with T2D, including 190
men and 128 women, who were admitted to the Diabetes Center of the
Osaka City University Hospital between March 2005 and August 2012.
T2D was diagnosed based on the criteria of the American Diabetes
Association [43]. Subjects with type 1 diabetes, other types of diabetes,
or renal impairment with a serum creatinine level > 1.1 mg/dL, which
is the upper limit of the normal range in our laboratory, were excluded
from this study. T2D patients treated with insulin were also excluded
from this study. Smokers were defined as current or past smokers in our
analyses. Subjects were divided into the lean (body mass index (BMI)
< 25 kg/m?) or the overweight (BMI 2 25 kg/m?) group for analyses.
All subjects provided written informed consent, and the ethical review
board of our institution approved the study protocol (No. 164).

Physical and laboratory analyses

Blood pressure (BP) was determined using the conventional cuff
method with an automatic sphygmomanometer after the subject had
rested for at least 15 min. Blood was drawn after an overnight fast and
biochemical parameters were analyzed using a standard laboratory
method as described previously [29]. Plasma leptin levels were
measured with a commercial enzyme-linked immunosorbent assay
kit (R & D Systems, Inc., Minneapolis, MN) as described previously
[29,44].

Measurements of arterial stiffness

Carotid arterial stiffness was assessed by measuring the distension
of the common carotid artery using an ultrasonic phase-locked
echo-tracking system equipped with a high-resolution real-time 13-
MHz linear scanner (ProSound SSD 6500, Hitachi Aloka Medical,
Ltd., Tokyo, Japan) as reported previously [36,38,45]. In brief, a ~4-
cm region of the common carotid artery was scanned bilaterally in
longitudinal and transverse projections. The image was focused on

the far wall of the artery. Peterson’s elastic modulus (Ep), an index
of arterial wall stiffness, was calculated as (Ps — Pd)/[(Ds - Dd)/Dd]
(kPa), where Ps and Pd are the systolic and diastolic BP, respectively,
and Ds and Dd are the systolic and diastolic inner diameters of the
artery,respectively. Arterial compliance (AC), which is an index of
elasticity and therefore inversely related to stiffness, was calculated as
1 (Ds x Ds - Dd x Dd)/[4(Ps - Pd)] (mm2/kPa). Ep is the pressure
change required for a (theoretical) 100% increase in diameter, and AC
is the absolute change in diameter with pressure [4]. A high Ep value
and low AC value were used as markers of advanced carotid stiffness.

Aortic stiffness was evaluated by measuring PWV in the heart-
femoral segment using an automatic waveform analyzer (Model BP-
203RPE; Omron Colin Co., Ltd., Tokyo, Japan) as described previously
[39,46]. Reproducibility of the measurement of arterial stiffness
was confirmed in our previous reports, in which the coefficients of
variation were less than 5% for both carotid stiffness [36] and heart-
femoral PWV [39].

Statistical analysis

Data are expressed as the number (%), mean + standard deviation
(SD), or median (interquartile range) as appropriate. For comparisons
between the lean and overweight groups, x2- test, Student’s t-test,
or Wilcoxon rank-sum test was used as appropriate. Skewed
parameters, such as immunoreactive insulin, insulin resistance index
by homeostasis model assessment (HOMA-R), triglycerides, and
leptin were logarithmically transformed before regression analysis. In
multiple regression analysis, carotid Ep, carotid AC, or aortic PWV was
the dependent variable, and the following were independent variables:
age, sex, BMI, systolic BP, creatinine level, glycated hemoglobin Alc
(HbAlc) level, log [HOMA-R], high-density lipoprotein (HDL)-
cholesterol level, low-density lipoprotein (LDL)-cholesterol level,
smoking status, presence of treatment with statins, and presence of
angiotensin-II receptor blocker (ARB) or angiotensin- converting
enzyme inhibitors (ACEISs). A p-value < 0.05 was considered significant.
Statistical analyses were performed using the JMP°10 software (SAS
Institute Inc., Cary, NC, USA).

Results

Clinical characteristics of the subjects

Table 1 shows the clinical characteristics of the total population
as well as of lean and overweight subjects separately. Ninety-
two subjects (29%) were treated with dietary therapy alone, 143
(45%) with sulfonylureas, 86 (27%) with biguanides, 56 (18%) with
a-glucosidase inhibitors, 37 (12%) with thiazolidinediones, 24
(8%) with dipeptidyl peptidase-4 inhibitors, 14 (4%) with insulin
secretagogues (glinides), and 9 (3%) with glucagon-like peptide-1
analogs. Clinical characteristics were compared between the lean and
overweight groups by x2-test, Student’s t-test, or Wilcoxon rank-sum
test as appropriate. Overweight subjects were significantly younger (p
< 0.001) and had a shorter duration of diabetes (p = 0.001) than lean
subjects. As expected, overweight subjects had higher diastolic BP (p
< 0.001), immunoreactive insulin (p < 0.001), HOMA-R (p < 0.001),
and uric acid levels (p < 0.001) and lower HDL-cholesterol levels (p
= 0.015) than lean subjects. No significant differences were found in
the prevalence of smokers (p = 0.172), ARB/ACEI users (p = 0.793), or
statin users (p = 0.258) between the groups.

Plasma leptin levels and arterial stiffness in T2D subjects

The median plasma leptin level for all subjects was 3.6 ng/mL (range,
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All Lean Overweight p-value

N (male/female) 318 (190/128) 163 (100/63) 155 (90/65) 0.550

Age (years) 60 +12 64 +9 57 + 14 <0.001
Duration of diabetes (years) 6 (2-12) 8 (2-15) 5(1-10) 0.001
BMI (kg/m?) 254+49 221+21 29.0+45 <0.001
Smoker n (%) 154 (49.4) 85 (53.1) 69 (45.4) 0.172
ARB/ACEI n (%) 110 (36.1) 57 (36.8) 53 (35.3) 0.793
Statin n (%) 106 (34.9) 49 (31.8) 57 (38.0) 0.258
Systolic BP (mmHg) 128+ 18 127 £19 128 £+ 17 0.875
Diastolic BP (mmHg) 74 +10 72 +10 76 £ 10 <0.001
Fasting glucose (mg/dL) 129 + 34 132+ 34 126 + 35 0.168
HbA1c % 82+16 83+16 8.1+15 0.309
Immunoreactive insulin (MU/mL) 6.3 (4.3-9.3) 5.1(3.2-7.0) 8.4 (6.0-12.1) <0.001
HOMA-R 2.0 (1.3-2.9) 1.6 (1.0-2.2) 2.4 (1.9-3.7) <0.001
Triglycerides (mg/dL) 117 (92-156) 113 (89-160) 120 (96-156) 0.218
HDL-cholesterol (mg/dL) 44 + 11 46 £ 11 43+£10 0.015
LDL-cholesterol (mg/dL) 115+ 34 118 £+ 34 113+35 0.148
Creatinine (mg/dL) 0.73+0.17 0.72+0.16 0.74+£0.18 0.388
Uric acid (mg/dL) 58+1.4 54+13 6.1+14 <0.001
Leptin (ng/mL) 3.6 (1.9-6.8) 2.4 (1.3-4.1) 5.8 (3.3-9.3) <0.001
Carotid Ep (kPa) 177 £ 97 170 + 82 183 £ 110 0.259
Carotid AC (mm?/kPa) 0.58 +0.26 0.58 £ 0.25 0.58 £ 0.27 0.830
Aortic PWV (cm/s) 1064 + 249 1122 + 247 1002 + 237 <0.001

Data are expressed as the mean + SD, median (interquartile), or n (%) as appropriate. P-values from Student’s t-test, Wilcoxon rank-sum test, or x?-test, overweight group
vs. lean group. BMI, body mass index; smoker, prevalence of current or past smokers; ARB/ACEI, prevalence of subjects treated with angiotensin-Il receptor antagonists
or ACE inhibitors; statin, prevalence of subjects treated with statins; BP, blood pressure; HbA1c, glycated hemoglobin A1c; HOMA-R, homeostatic model assessment of
insulin resistance; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Ep, Peterson’s elastic modulus; AC, arterial compliance; PWV, pulse wave velocity.

Table 1: Clinical characteristics, plasma leptin levels, and arterial stiffness in all, lean, and overweight subjects with type 2 diabetes.
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Figure 1: Comparison of (a) carotid Ep, (b) carotid AC, or (C) aortic PWV between the lean and the overweight groups. *, p < 0.001 vs. the lean group by Student’s-t
test.

0.2-64.2 ng/mL). As expected, plasma leptin levels in the overweight
group were higher than those in the lean group (p < 0.001 by Wilcoxon
rank-sum test) (Table 1). The mean values of carotid Ep and AC for the
total population were 177 kPa (range, 45-960 kPa) and 0.58 mm?/kPa
(range, 0.1-2.0 mm?/kPa), respectively. No significant difference was
found in carotid Ep or AC between the lean and the overweight groups
(p = 0.259 or 0.830 by Student’s t-test). The mean value of aortic PWV
for the total population was 1064 cm/s (range, 483-1931 cm/s), and the
overweight subjects had significantly lower PWV than the lean subjects
(p < 0.001 by Student’s ¢-test) (Table 1 and Figure 1).

Association between plasma leptin levels and arterial stiffness

We first examined the association of the plasma leptin level with

carotid Ep, AC, or aortic PWV by simple linear regression analyses for
the total population and then for the lean and the overweight groups,
separately. Neither carotid Ep nor AC was significantly correlated with
the plasma leptin level in the total population (Ep, r = 0.041, p = 0.488;
AC, r = -0.069, p = 0.241), the lean group (Ep, r = 0.038, p = 0.648;
AC, r=-0.097, p = 0.243), or the overweight group (Ep, r = -0.008, p =
0.925; AC, r = -0.049, p = 0.558) (Figure 2). Aortic PWV was negatively
correlated with plasma leptin in the total population (r = -0.205, p <
0.001) and the overweight group (r = -0.170, p = 0.040), but not in the
lean group (r = -0.049, p = 0.550) (Figure 2).

To identify an independent association between plasma leptin and
arterial stiffness, we next performed multiple regression analyses after
adjusting for age, sex, BMI, systolic BP, creatinine, HbAlc, HOMA-R,
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Figure 2: Association of plasma leptin levels with carotid Ep (a, d), carotid AC (b, e), or aortic PWV (c, f) in the lean (a, b, c) or the overweight (d, e, f) group.

Carotid Ep
Lean Overweight
Age (years) 0.073 0.395**
Sex (male = 1) -0.205 0.168
BMI (kg/m?) 0.067 -0.009
Systolic BP (mmHg) 0.548** 0.299**
Creatinine (mg/dL) 0.187* 0.117
HbA1c (%) -0.062 0.191*
Log [HOMA-R] 0.210* -0.144
HDL-cholesterol (mg/dL) 0.054 -0.017
LDL-cholesterol (mg/dL) 0.140 -0.068
Smoker (yes = 1) 0.023 0.070
Statin (yes = 1) -0.007 0.090
ARB/ACEI (yes = 1) 0.056 0.097
Log [leptin (ng/mL)] -0.188 0.241*
R? 0.411* 0.403**

Carotid AC Aortic PWV
Lean Overweight Lean Overweight
-0.040 -0.405** 0.432* 0.453**
0.205 -0.144 0.096 -0.085
0.144 0.176 0.093 -0.197*
-0.388** -0.207** 0.343* 0.375**
-0.063 -0.006 -0.036 0.060
0.042 -0.197** 0.027 0.085
-0.217 0.076 0.034 -0.134
-0.020 -0.056 0.031 -0.153*
-0.162 0.030 0.037 0.036
-0.017 0.029 0.111 0.108
-0.020 -0.043 -0.098 0.003
0.010 0.049 0.045 0.038
0.096 -0.293** -0.054 0.035
0.221* 0.380** 0.398* 0.591**

Values are standardized regression coefficients (B) determined by multiple regression analysis. R?, coefficient of determination; *, p < 0.05; **, p < 0.01. BMI, body
mass index; smoker, prevalence of current or past smokers; ARB/ACEI, prevalence of subjects treated with angiotensin-Il receptor antagonists or ACE inhibitors; statin,
prevalence of subjects treated with statins; BP, blood pressure; HbA1c, glycated hemoglobin A1c; HOMA-R, homeostatic model assessment of insulin resistance; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; Ep, Peterson’s elastic modulus; AC, arterial compliance; PWV, pulse wave velocity.

Table 2: Multiple regression analyses of the determinants for arterial stiffness in patients with type 2 diabetes.

HDL-cholesterol, LDL-cholesterol, smoking, use of statin, and use of
ARB/ACEIs in the lean and the overweight groups. The plasma leptin
level (Ep, f = 0.241, p = 0.028; AC, § = -0.293, p = 0.009), as well as age
(Ep, B=0.395, p < 0.001; AC, = -0.405, p < 0.001), systolic BP (Ep, f =
0.299, p < 0.001; AC, B = -0.207, p = 0.006) and HbAlc (Ep, § = 0.191,
p =0.010; AC, 3 =-0.197, p = 0.009), was found to be an independent
determinant of carotid Ep and AC in the overweight group, but not
in the lean group (Ep, = -0.188, p = 0.175; AC, B = 0.096, p = 0.545)
(Table 2). On the other hand, plasma leptin was not independently
associated with the aortic PWV in either the lean (8 = -0.054, p = 0.693)
or the overweight (8 = 0.035, p = 0.701) group (Table 2).

Discussion

The present study demonstrated that high plasma leptin levels were
associated with increased carotid arterial stiffness in overweight T2D
patients, but not in lean patients. Of importance, the association was
independent of obesity and traditional CVD risk factors. Furthermore,
no association was observed between the plasma leptin level and
aortic stiffness in our subjects. These findings indicate that leptin
plays an important role in promoting local stiffness of the carotid
artery in patients with T2D complicated by obesity. This study clearly
demonstrated that in overweight, but not in lean patients with T2D, the
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plasma leptin level is a major determinant of carotid arterial stiffness,
independently of obesity, insulin resistance, and other CVD risk
factors. As expected, plasma leptin levels in the overweight group were
markedly higher than those in the lean group, reflecting the increased
amount of adipose tissue and elevated hypothalamic leptin resistance
[1,47]. Experimental studies have suggested that leptin exerts several
atherogenic effects such as endothelial dysfunction, inflammation,
oxidative stress, thrombosis, and proliferation and migration of
vascular smooth muscle cells, and indicates that hyperleptinemia
plays an important role in obesity-associated atherosclerotic CVDs
[1,21]. Moreover, evidence from studies utilizing animal models of
obesity suggests selective leptin resistance; only the satiety and weight-
reducing effects of leptin are impaired, whereas its other actions,
including atherogenic effects on blood vessels, are preserved in obese
individuals [1,21,48]. Collectively, these findings indicate that leptin
might directly act on the vascular wall to impair arterial elasticity and
compliance in overweight T2D subjects in which the circulating level
of leptin is markedly elevated.

The clinical relationship between obesity or abdominal adiposity
and local arterial stiffness measured by ultrasonography has been
reported in a number of studies in the general population [18-20,49]
and in patients with T2D [50,51]. However, only limited reports are
available on the relationship between leptin and local arterial stiffness
[27,35], which would be important in exploring potential mechanisms
underlying the link between obesity and arterial stiffness. Singhal et al.
reported that in 294 healthy adolescents between 13 to 16 years of age,
high serum leptin levels were associated with impaired distensibility
of the brachial artery, and that the association was independent of fat
mass, BP, C-reactive protein, fasting insulin, or LDL-cholesterol [35].
Atabek et al. [27] reported that in 45 adolescents with type 1 diabetes
(mean age, 14.8 years), high serum leptin levels were unfavorably
correlated with compliance, distensibility, and elastic modulus of the
common carotid artery, and that these correlations were independent
of sex, age, BMI, waist-to-hip ratio, diabetes duration, daily insulin
dose, HbAlc, albuminuria, serum lipids, and pubertal stage. As no
other reports are available, to our knowledge, this study is the first to
associate high plasma leptin levels with local stiffness of the carotid
artery in adult patients with diabetes.

Asexpected from their dominant roles in the pathogenesis of arterial
stiffening [4,52], ageing and systolic BP were major determinants of
carotid arterial stiffness in overweight T2D patients. Poor glycemic
control, possibly through the formation of advanced glycation
end-products in diabetic condition [3,52], was also independently
associated with carotid stiffness in overweight subjects. Interestingly,
only systolic BP was a determinant of carotid stiffness in lean subjects,
whereas overweight subjects had multiple factors contributing to
carotid stiffness, including age, BP, HbAlc, and leptin, as indicated in
the literatures [3,52]. Sex was not a determinant of carotid stiffness in
our T2D subjects, as in previous studies in diabetic and non-diabetic
subjects [51,53]. In contrast, sex was an independent determinant
of carotid IMT in the general population [24,30] and in hospitalized
subjects with and without T2D [51]. Moreover, in a population-
based study in which carotid IMT and stiffness were simultaneously
measured, female sex negatively contributed to carotid IMT, while sex
was not significantly associated with carotid stiffness [54]. Collectively,
sex difference might have less impact on stiffness than on thickness of
the carotid artery.

The plasma leptin level was not significantly associated with aortic
PWYV in both the lean and overweight groups in our study population.

Several clinical studies have investigated the relationship between
plasma leptin and aortic stiffness [14,30-33]. The plasma leptin level
was a determinant of aortic PWV, independent of obesity and other
confounders, in the general population [30,31] and in patients with
nonalcoholic fatty liver disease [32]. In contrast, the leptin level did not
independently determine aortic PWYV in studies targeting T2D patients
[14,33]. Teoh et al. [14] showed that BP, age, waist circumference,
diabetes duration, and HbAlc, but not C-reactive protein or
adipocytokines including leptin were independently associated with
aortic stiffness in older adults (mean age, 69 years; n = 860) with T2D.
Additionally, Satoh et al. [33] demonstrated that not the plasma leptin
level alone, but the leptin-to-adiponectin ratio was correlated with
aortic PWV in obese (BMI = 25.0 kg/m?) patients with T2D (mean age,
59.8 years, n = 158). These reports indicated that the impact of leptin
on stiffening of the aorta is complicated by various cardiometabolic
risk factors and/or dysregulated adipocytokine profile in a diabetic
condition.

The different associations of the plasma leptin level with carotid
stiffness and aortic PWYV in this study could be explained by differences
in the arterial sites or segments in which vascular stiffness was assessed.
It is well recognized that the elastic properties of arteries are not
uniform along the arterial tree; there are substantial differences in
properties between central elastic arteries, such as the aorta and the
common carotid artery, and peripheral muscular arteries, such as the
brachial and the femoral arteries [4]. The Hoorn study demonstrated
that the hazard ratios of local carotid stiffness for CVD events and all-
cause mortality were greater than that of femoral arterial stiffness and
carotid-femoral PWV in the general population [55]. Heart-femoral
PWYV reflects the properties of the mixed elastic and muscular part
of the arterial tree [4,55], whereas carotid Ep and AC solely reflect
properties of elastic artery; thus, the results of this study indicate that
leptin might preferentially affect the functional properties of elastic
rather than muscular arteries in individuals with obesity and diabetes.
Moreover, in a hospital-based study by Paini et al., the strength of
the correlation between carotid arterial stiffness and aortic PWV was
weaker in subjects with hypertension and T2D than in those without
[56]. Therefore, we speculate that the prevalence of diabetes and obesity
caused the different elastic properties observed between the carotid
artery and the aorta in this study population.

We previously reported the association between the plasma leptin
level and different markers of atherosclerosis in patients with T2D. The
plasma leptin level was independently associated with carotid IMT in
T2D patients receiving insulin therapy [29]. Leptin and exogenous
insulin interact to promote the pathological processes of arterial wall
thickness [1,21]. Since these processes may also accelerate arterial
stiffening, T2D patients receiving insulin therapy were excluded from
this study. The study subjects were consequently younger and had
shorter duration of diabetes than those in our previous study [29];
therefore, both studies indicate that leptin unfavorably affects arterial
elasticity and compliance in overweight patients at an early stage in
diabetes-associated atherosclerosis. Further, we recently reported that
the plasma leptin level is associated with better endothelial function
as evaluated by flow-mediated dilatation of the brachial artery in
overweight patients with T2D [44]. Since flow-mediated dilatation
reflects short-term bioavailability of endothelial nitric oxide and leptin
is known to directly exert a vasodilator effect through endothelial nitric
oxide [1,21], the unfavorable effect of leptin on local arterial elasticity
and compliance would be independent of nitric oxide-mediated
regulation of arterial function. Indeed, a cross-sectional study by the

J Diabetes Metab
ISSN: 2155-6156 JDM, an open access journal

Volume 6 - Issue 11 » 1000627



Citation: Numaguchi R, Morioka T, Yamazaki Y, Imamura S, Urata H, et al. (2015) Leptin is Associated with Local Stiffness of the Carotid Artery in
Overweight Patients with Type 2 Diabetes. J Diabetes Metab 6: 627. doi:10.4172/2155-6156.1000627

Page 6 of 7

other researchers showed that leptin was significantly correlated with
distensibility but not with flow-mediated dilatation of the brachial
artery in nondiabetic adolescents [35].

This study had several limitations. First, this was a cross-sectional
study; therefore, we could not establish a causal relationship between
leptin and carotid arterial stiffness. Second, our subjects received anti-
hypertensive drugs and statins, which might have affected arterial
stiffness and related atherosclerotic risk factors. To minimize the effect
of these treatments, we adjusted for the presence of these therapies in
the multiple regression analyses. Third, the overweight subjects were
significantly younger than the lean subjects, and possibly therefore
had lower aortic PWV than the lean subjects. Since not all potential
confoundingrisk factors could be adjusted for because of the consecutive
inclusion of the subjects, we adjusted for factors including age and BMI
and confirmed the independent association of leptin in the multivariate
analyses. Fourth, our results cannot be generalized because the subjects
with T2D were hospitalized largely with inadequate glycemic control.
Finally, this study included a small number of morbidly obese subjects
with a BMI > 30 kg/m?* (n = 37, 11.6%) who would have severe leptin
resistance and hyperleptinemia; thus, our results are applicable only to
T2D patients with moderate obesity.

This study indicates a potential role of leptin in the pathogenesis
of arterial stiffness and proposes the clinical relevance of measuring
plasma leptin level in predicting advanced arteriosclerosis, especially in
patients with obesity and T2D. Several precedent studies indicate that
carotid arterial stiffness can be decreased with weight loss via calorie
restriction in obese adults [57] or short-term aerobic exercise without
weight loss in T2D patients [45]. Another study further demonstrated
that long-term changes in diet and exercise reduced plasma leptin
levels, independent of changes in body weight or fat mass, in men
with metabolic syndrome [58]. Taken together with our data and prior
studies, plasma leptin levels would be one of the potential markers for
monitoring the effect of diet or exercise therapy on vascular health in
patients with obesity and diabetes.

In conclusion, the present study demonstrates that plasma leptin
levels are independently associated with local stiffness of the carotid
artery in overweight patients with T2D. Our data indicate that elevated
plasma leptin mainly affects carotid arterial stiffness, known as an
independent predictor of CVDs, rather than aortic stiffness, in these
individuals. Further studies in a population that includes a wide range
of BMIs are required to validate these findings. In addition, prospective
and interventional studies assessing changes in both plasma leptin
levels and arterial stiffness in response to e.g., diet, exercise, or chronic
administration of recombinant leptin are warranted to clarify whether
plasma leptin levels are predictive of arterial stiffness in patients with
obesity and T2D.
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