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ABSTRACT

Diabetic nephropathy is a major cause of lower-limb amputation. We enrolled 250 type 2
diabetic patients without apparent occlusive peripheral arterial disease (ankle-brachial
indices >0.9) and 40 age-matched nondiabetic subjects consecutively admitted to our
hospital. Flow volume and resistive index (RI), an index of vascular resistance, at the
popliteal artery were evaluated using gated two-dimensional cine-mode phase-contrast
magnetic resonance imaging. Brachial-ankle pulse wave velocity (baPWV) was measured as
an index of arterial distensibility. Flow volume was negatively correlated with both baPWV
(p =0.0009) and RI (p < 0.0001) among the patients. When the patients were grouped into
four subgroups with or without albuminuria and renal insufficiency according to the levels
of urinary albumin excretion rate (>20 or <20 pg/min) and estimated glomerular filtration
rate (eGFR) (<60 or >60 mVmin/1.73 m?, albuminuric patients with renal insufficiency
(n = 30) showed the lowest flow volume (p =0.0078) and the highest baPWV (p = 0.0006)
and RI (p = 0.0274) among the groups. Simple linear regression analyses demonstrated that
eGFR correlated positively with flow volume (p=0.0020) and negatively with baPWV
(p=0.0258) and RI (p = 0.0029) in patients with albuminuria (n = 92), but not with normoal-
buminuria (n = 158). Impaired peripheral circulation in lower-leg arteries associates with
nephropathy in diabetic patients even though they have normal ankle-brachial indices.
© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

excretion [3] and decrease in glomerular filtration rate [4] are
powerful markers of increased cardiovascular morbidity and

Diabetic nephropathy is the leading cause of lower-limb  mortality for diabetic patients. Therefore, current diabetes
amputation [1], end-stage renal failure and death from guidelines recommend screening for elevated urinary albumin
cardiovascular disease (CVD) [2]. Elevated urinary albumin excretion as the earliest clinical evidence of nephropathy [5] in
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addition to screening for decline in estimated glomerular
filtration rate (eGFR) calculated by the Modification of Diet in
Renal Disease (MDRD) formula to detect chronic kidney
disease attributed to diabetes [6]. Duplex Doppler sonography
has demonstrated that alterations in glomerular capillaries
and tubulointerstitial compartments of the kidney result in
increase of intrarenal vascular resistance [7]. Type 2 diabetic
patients with nephropathy are known to have elevated
intrarenal vascular resistance compared with other types of
renal disease [8]. Furthermore, among diabetic patients with
nephropathy, increased vascular resistance in the intrarenal
arteries associates with the severity of systemic atherosclero-
sis assessed by brachial-ankle pulse wave velocity (baPWV) as
a marker of large artery stiffness [8], or intima-media
thickness (IMT) in the carotid or femoral artery [9]. In the
lower-leg arteries, diabetic patients show two types of
insufficient arterial blood flow associated with the vessel wall
properties. Firstly, diabetic condition is likely to increase
atherosclerotic plaque formation in the vessel wall and
promote peripheral artery occlusive disease (PAOD) in the
lower extremities, resulting in reduced blood flow to lower
limbs during exercise or at rest [10]. To help identify high-risk
patients with PAOD, the ankle-brachial index (ABI) is generally
used [11]. Secondly, arterial distensibility and vascular
resistance reduce blood supply in the lower-leg arteries even
though the individual has no apparent PAOD [12]. Gradual
accumulation of advanced glycation end-products (AGEs) [13],
increased IMT [14], and radiologically detectable calcified
deposits in the vessel walls [15] are seen at different stages of
the atherosclerotic process and are considered to be respon-
sible for the pathogenesis of vascular rigidity. Endothelial
dysfunction develops during the atherosclerotic process and is
associated with reduction in vasodilator capacity and increase
in peripheral vascular resistance [16]. Although it is desirable
to ameliorate insufficient arterial blood flow before the onset
of lower-limb ischemia, the role of diabetic nephropathy in
peripheral circulation in lower-leg arteries has not been fully
elucidated.

The aim of the present study was to clarify the association
of impaired peripheral circulation in lower-leg arteries with
nephropathy in type 2 diabetic patients with normal ABI by
using a new technique of two-dimensional cine-mode phase
contrast magnetic resonance imaging (2D-cine-PC MRI).

2. Materials and methods

We enrolled 250 type 2 diabetic patients and 40 age-matched
nondiabetic subjects ranging in age from 50 to 75 years who
had been consecutively admitted to our hospital. All patients
were admitted for strict glycemic control or assessment of
diabetic complications, and no patients had history of
cerebrovascular disease, coronary arterial disease, and/or
PAOD. Patients were considered to have cerebrovascular
disease if they had a history of sudden focal neurological
deficit. Coronary arterial disease was diagnosed if the patients
had a history of myocardial infarction or showed abnormal
electrocardiographic findings. PAOD was diagnosed if the
patients had an abnormal ABI [11]. Patients who had foot
edema caused by heart failure, liver cirrhosis or severe

nephropathy (serum creatinine >2 mg/dl), malignant neo-
plasm, alcohol abuse, acute illness, urinary tract infections or
hematuria were excluded from the study. Presence of pyuria
or hematuria was diagnosed by microscopic examination and
counting of the number of white blood cells or red blood cells
per high-power field in the last voided urine of a 24-h
collection. Every patient with hypertension (>140/90 mmHg)
received antihypertensive treatment to reduce the risk of CVD
events. Although administration of renin-angiotensin system
inhibitors, including angiotensin converting enzyme inhibitor
(ACEI) [17] and angiotensin II receptor blocker (ARB) [18], can
decrease the urinary albumin excretion and slow the decline
in glomerular filtration rate among type 2 diabetic patients,
those medications were used for the management of raised
blood pressure. The study was approved by the ethics
committee of our institution, and informed consent was
obtained from all patients before the examinations.

An automatic device (BP-203RPE; Colin, Komaki, Japan) was
used to measure ABI and baPWYV, as an index of the elastic
properties of large arteries [19]. Because the PWV from the
heart to the brachial artery in diabetic patients is similar to
that in control subjects, baPWV is regarded as a quantitative
measure of arterial stiffness from the heart to the ankle. A
trained ophthalmologist carried out fundus ophthalmoscopies
and identified diabetic patients as either without retinopathy,
having simple retinopathy or having proliferative retinopathy.
Patients with diabetes were screened for distal symmetric
polyneuropathy using a 128-Hz tuning fork applied to the bony
prominence at the dorsalis surface of both great toes, just
proximal to the nail bed [20]. When the tuning fork was placed
on the foot for 10 s, if the patients required >10 s to detect the
vibration, vibration perception was regarded as compromised.
Each patient was also identified by smoking habit as being a
current smoker or non-smoker. Nonsmokers were defined as
not having tobacco consumption for at least the previous 3
years. Urinary albumin excretion rate (AER) was measured in
24-h urine samples. Diabetic patients were classified as having
normoalbuminuria (n=158), microalbuminuria (n=>56), or
overt proteinuria (n=36) when the AER was <20, 20-200, or
>200 pg/min, respectively. The Japanese ethnic factor for the
MDRD equation has been reported to be 0.881 [21]. Therefore,
the eGFR is calculated by the MDRD formula as follows: eGFR
(mV/min/1.73 m?) = 0.881 x 186.3 x Age™ %% x SCr 1> (if
female x 0.742), where SCr is serum creatinine (mg/dl). With
or without renal insufficiency was defined as eGFR of <60 or
>60 ml/min/1.73 m? [22].

An MRI scanner operating at 1.5 T (Signa Horizon-LX; GE
Medical Systems, Milwaukee, WI) was used for the following
experimental protocols as previously described [23]. All
patients were at rest in the supine position during examina-
tions, which were done in a temperature-controlled room at
25°C. To set up the individual flow analysis, the popliteal
artery was depicted by gated 2D time-of-flight magnetic
resonance angiography. A single slice was oriented perpendi-
cular to the flow direction, and flow data were obtained using
2D-cine-PC MRI with 80-cm/s velocity encoding triggered by
peripheral gating. Flow data were analyzed on an Advantage
Windows version 4.2 workstation (GE Medical Systems,
Milwaukee, WI) to determine the direction and velocity
through the cardiac cycle. The instantaneous flow volume



418

DIABETES RESEARCH AND CLINICAL PRACTICE 80 (2008) 416-423

at 16 equally spaced time points through the cardiac cycle was
calculated from the individual velocity images by integrating
the velocity across the area of the vessel. A resistive index (RI),
which allows quantitative analysis of the waveform and
associates with arterial resistance to blood flow, has been
defined as (A — B)/A, where A is the systolic peak velocity and B
is the end-diastolic velocity [24].

Statistical evaluation was carried out on SPSS software
version 11.0 for Windows (SPSS, Chicago, IL). Comparisons
between the diabetic patients and their control group were done
using the unpaired Student’s t-test. A multiple comparison of
significant differences among the four groups was carried outby
one-way ANOVA followed by Scheffe’s F-test. The chi-squared
test for 2-by-2 or Bonferroni test for 2-by-4 contingency table
was used to compare the frequencies between two or among
four groups. Values were expressed as the means + S.D. We
considered p-values <0.05 to be statistically significant.

3. Results

3.1.  All subjects

Clinical characteristics and vascular parameters in all subjects
are shown in Table 1. There were no significant differences
between the groups for prevalence of male sex, age, body mass
index (BMI), total cholesterol (TC), prevalence of smoking

status, and eGFR. However, compared with nondiabetic
subjects, diabetic patients had higher fasting plasma glucose
(FPG) (p <0.0001), hemoglobin Alc (HbAlc) (p < 0.0001),
triglycerides (TGs) (p =0.0261), and systolic blood pressure
(sBP) (p=0.0230) and lower HDL cholesterol (HDL-C)
(p=0.0024), and diastolic blood pressure (dBP) (p =0.0202).
Although ABI, heart rate and systolic and early diastolic flow
volumes were similar between the groups, diabetic patients
had lower total (p = 0.0005) and late diastolic (p < 0.0001) flow
volumes and higher baPWV (p < 0.0001) and RI (p < 0.0001)
than those in the nondiabetic subjects, indicating that arterial
stiffness and vascular resistance are possible risk factors for
reduced blood flow in diabetic patients. To clarify the
associations among those vascular parameters, simple linear
regression analyses were performed. Total flow volume,
baPWV, and RI were negatively (total flow volume vs. baPWV,
r=-0.209, p=0.0009; total flow volume vs. RI, r=-0.645,
p < 0.0001) or positively (baPWV vs. RI, r=0.176, p = 0.0053)
correlated with each other, suggesting that coexistence of
arterial stiffness and vascular resistance acts as a risk factor
for impaired peripheral circulation in lower-leg arteries in
diabetic patients even though they have a normal ABL

3.2.  Peripheral circulation and nephropathy

Simple linear regression analysis demonstrated that the entire
group of diabetic patients (n = 250) did not show a significant

Table 1 - Clinical characteristi

and vascular parameters in all subjects
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Table 2 - Diabetic patients grouped into four subgroups with or without albuminuria and renal insufficiency according to
the levels of urinary albumin excretion rate of >20 or <20 pg/min and estimated glomerular filtration rate of <60 or :
min/1.73 m?

correlation between total flow volume and eGFR. Therefore, to
clarify the role of nephropathy in impaired blood flow in
lower-leg arteries, diabetic patients were classified into four
subgroups with or without albuminuria and renal insuffi-
ciency. Although they showed normoalbuminuria, 22 of the
250 (8.8%) patients had renal insufficiency. Clinical character-
istics and vascular parameters in those subgroups are shown
in Table 2. There were no significant differences among the
groups for frequency of male gender, BMI, FPG, HbAlc, TC,
HDL-C, TGs, frequency of smoking habit and neuropathy.
However, albuminuric patients with renal insufficiency
showed the oldest age (p=0.0249), longest duration of
diabetes (p < 0.0001), and highest sBP (p < 0.0001), frequency
of patients taking ACEI and/or ARB (p < 0.01), and frequency of
retinopathy (p <0.01) among the groups. There were no
significant differences in ABI among the groups. Normoalbu-
minuric patients with and without renal insufficiency had
similar baPWV, whereas albuminuric patients with renal
insufficiency showed the highest baPWV (p = 0.0006) among
the groups, indicating that elevated urinary albumin excretion
is a possible risk factor for arterial stiffness. Waveform
analysis at the popliteal artery using gated 2D-cine-PC MRI

0 ml/

is shown in Fig. 1. Normoalbuminuric patients without renal
insufficiency showed a typically triphasic waveform, which
could be clearly separated into systolic, early diastolic and late
diastolic phases during the cardiac cycle (Fig. 1A). Waveforms
in the normoalbuminuric patients with renal insufficiency
(Fig. 1B) and albuminuric patients without renal insufficiency
(Fig. 1C) were similar to those in the normoalbuminuric
patients without renal insufficiency, whereas albuminuric
patients with renal insufficiency (Fig. 1D) showed reduced
blood flow and abnormal flow reversal in late diastole,
suggesting the presence of higher arterial stiffness and greater
vascular resistance in lower-leg arteries. There were no
significant differences in heart rate and early diastolic flow
reversal among the groups. Although normoalbuminuric
patients with renal insufficiency and albuminuric patients
without renal insufficiency had similar flow parameters,
albuminuric patients with renal insufficiency demonstrated
the lowest total (p=0.0078), systolic (p=0.0019) and late
diastolic (p=0.0147) flow volumes and the greatest RI
(p=0.0274) among the groups, suggesting that parallel
development of albuminuria and renal dysfunction is a
possible risk factor for vascular resistance and impaired blood
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Fig. 1 - Waveform analysis at the popliteal artery in type 2 diabetic patients with normal ankle-brachial indices (ABI > 0.9)
grouped into four subgroups with or without albuminuria and renal insufficiency according to the levels of urinary albumin
excretion rate (AER) of >20 or <20 pg/min and estimated glomerular filtration rate (eGFR) of <60 or >60 ml/min/1.73 m? Data
are expressed as means * S.D. (A) Normoalbuminuric patients without renal insufficiency; (B) normoalbuminuric patients
with renal insufficiency; (C) albuminuric patients without renal insufficiency; (D) albuminuric patients with renal

insufficiency.

flow. To clarify the role of elevated urinary albumin excretion
in peripheral circulation in lower-leg arteries, patients were
classified into two subgroups with normoalbuminuria (n = 158)
or albuminuria (n = 92). Simple linear regression analyses, as
shown in Fig. 2, revealed that among the patients with
albuminuria eGFR was correlated positively with total flow
volume (r=0.319, p=0.0020) (Fig. 2A) and negatively with
baPWV (r=-0.232, p=0.0258) (Fig. 2B) and RI (r=-0.308,
p=0.0029) (Fig. 2C). However, there were no significant
correlations between eGFR and those vascular parameters
in patients with normoalbuminuria (Fig. 2D-F).

4, Discussion
4.1. Peripheral circulation

In the present study, waveforms at the popliteal artery in the
normoalbuminuric patients with renal insufficiency and
albuminuric patients without renal insufficiency were similar
to those in the normoalbuminuric patients without renal
insufficiency, whereas the albuminuric patients with renal

insufficiency showed reduced blood flow and abnormal flow
reversal in late diastole. These results suggest that albumi-
nuric patients with renal insufficiency have higher arterial
stiffness and greater vascular resistance in lower-leg arteries.
There are important differences among elastic and muscular
arteries and arterioles. All are impaired in diabetic patients
[16,25]. Large arteries, including the aorta and its major
branches, have elastic properties of the vessel wall and act as
carrying vessels and blood supply reservoirs [26]. When there
is a decrease in arterial elasticity, less blood can be stored in
these arteries, resulting in a decrease in diastolic forward flow.
The medium- and small-caliber arteries and arterioles, which
have functional smooth muscles in the vessel wall, act as
resistance vessels regulating blood flow to the capillaries [26].
Endothelial dysfunction and reduced lumen diameter in small
vessels can increase peripheral vascular resistance [16],
resulting in an abnormal flow reversal in late diastole. These
vascular abnormalities can coexist in the same individual [27].
Our data demonstrated that blood flow, arterial stiffness, and
vascular resistance were negatively or positively correlated
with each other, suggesting that coexistence of arterial
stiffness and vascular resistance acts as a risk factor for
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Fig. 2 - Simple linear regression analyses between estimated glomerular filtration rate (eGFR) and total flow volume,
brachial-ankle pulse wave velocity (paPWV), or resistive index in lower-leg arteries in albuminuric (n = 92) (A-C) or
normoalbuminuric (n = 158) (D-F) type 2 diabetic patients with normal ankle-brachial indices (ABI > 0.9).

impaired peripheral circulation in lower-leg arteries in
diabetic patients even though they have a normal ABL

4.2.  Nephropathy

As we reported previously, when the diagnostic criterion for
critical lower-limb ischemia in diabetic patients of transcu-
taneous oxygen tension of <50 mmHg at the dorsum of the
foot was used [28], 16 of 60 (26.7%) diabetic patients had
ischemic lower limbs although they had no apparent PAOD
[23]. Diabetic nephropathy is a major cause of lower-limb
amputation associated with peripheral vascular disorders [1].
It is desirable to ameliorate insufficient arterial blood flow
before the onset of lower-limb ischemia. Endothelium actively
regulates vascular tone and permeability and balance between
coagulation and fibrinolysis [29]. Therefore, elevated urinary
albumin excretion is regarded as a renal expression of
systemic endothelial damage being extended to the whole
arterial system [29]. In our present study, when the diabetic
patients were classified into four subgroups with or without
albuminuria and renal insufficiency, albuminuric patients
with renal insufficiency showed the highest arterial stiffness,
greatest vascular resistance, and lowest blood flow in lower-
leg arteries among the groups. These results suggest that
parallel development of albuminuria and renal dysfunction is
a possible risk factor for arterial stiffness, vascular resistance,
and impaired blood flow in lower-leg arteries. Our data

revealed that renal function was correlated positively with
blood flow and negatively with arterial stiffness and vascular
resistance in lower-leg arteries among the patients with
albuminuria, but not in those with normoalbuminuria.
Alterations in capillaries, glomeruli and tubulointerstitial
compartments of the kidney can increase renal vascular
resistance assessed by duplex Doppler sonography [7], and
those abnormalities associate with the severity of systemic
atherosclerosis [8,9]. Therefore, although we did not measure
intrarenal vascular resistance in the present study, we
surmise that increased vascular resistance at the popliteal
artery may associate with the severity of diabetic nephro-
pathy.

Nephropathy in patients with type 2 diabetes is more
heterogeneous than that in type 1 diabetes. Type 2 diabetic
patients can develop renal impairment in the absence of
increased albuminuria, and those conditions are initially
developed during the prediabetic state secondary to age,
hypertension and other factors [30]. In the United States, 30%
of newly diagnosed type 2 diabetic patients showed renal
insufficiency although they did not have retinopathy and
albuminuria [31]. Our study revealed that 8.8% of our patients
had normoalbuminuric renal insufficiency. It has been
reported that risk for progression of renal failure or death in
diabetic patients with normoalbuminuric renal insufficiency
is lower than in those with albuminuric renal insufficiency
[32]. In the present study, arterial stiffness, vascular resistance
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and blood flow were similar between the normoalbuminuric
patients with and without renal insufficiency. These results
indicate that diabetic patients with normoalbuminuric renal
insufficiency may have a lower risk of systemic arterial
damage.

Among the study limitations of the present research, we
note, firstly, that administration of ACEI [17] and ARB [18] can
decrease urinary albumin excretion and slow the decline in
the GFR among type 2 diabetic patients. Therefore, we cannot
rule out the possibility that those medications may alter the
natural history of diabetic nephropathy and peripheral
circulation in lower-leg arteries. Secondly, our data were
obtained in a Japanese population, and therefore it remains to
be established whether these results can be generalized to
other ethnicities. Additionally, we used cross-sectional study
design. Further prospective study is necessary to clarify the
impact of nephropathy on insufficient blood flow in lower-leg
arteries among diabetic patients.

In conclusion, we have demonstrated that impaired blood
flow in lower-leg arteries caused by higher arterial stiffness
and greater vascular resistance associates with eGFR in
albuminuric type 2 diabetic patients with normal ABI. Our
findings are the first to clarify that diabetic nephropathy may
increase the risk of lower-limb ischemia even though the
patient has no apparent PAOD.
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Although the kidneys are the major source of proinflammatory cytokines, association of
tumor necrosis factor-alpha (TNF-«) with severity of atherosclerosis or kidney function in
diabetic patients is unclear. Two hundred type 2 diabetic patients and 30 age-matched
nondiabetic subjects consecutively admitted to our hospital were enrolled. The Agatston
coronary artery calcium score (CACS), a quantitative marker of coronary atherosclerosis,
was obtained using multidetector-row computed tomography. Arterial stiffness was
assessed by brachial-ankle pulse wave velocity (baPWV). Diabetic patients had higher
log(CACS + 1) (p = 0.0089), baPWV (p = 0.0293), frequency of elevated urinary albumin excre-
tion (UAE) (p < 0.0001) and TNF-a (p =0.0029) and similar estimated glomerular filtration
rate (eGFR) compared to nondiabetic subjects. When diabetic patients were grouped into
four subgroups with or without elevated UAE and renal insufficiency (UAE of >30 or <30 mg/
24 h and eGFR of <60 or >60 ml/min per 1.73 m?), patients with micro- and macroalbumi-
nuric renal insufficiency showed the highest log(CACS + 1) (p < 0.0001), baPWV (p = 0.0068)
and TNF-« (p < 0.0001) of these groups. Log(CACS + 1) (p = 0.0008) and baPWV (p = 0.0006)
positively and eGFR (p < 0.0001) negatively correlated with TNF-« in diabetic patients. We
find that coronary artery calcification, arterial stiffness, and renal insufficiency associate
with circulating levels of TNF-« in type 2 diabetic patients.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

elevated UEA as the earliest clinical evidence of nephropathy
[S] as well as screening for a decline in estimated glomerular

Cardiovascular disease (CVD) is the leading cause of morbidity
and mortality in type 2 diabetic patients. Elevated urinary
albumin excretion (UAE) [1,2] and a decrease in glomerular
filtration rate [3,4] both contribute to the development of end- -
stage renal disease and CVD events in diabetic patients.
Current diabetes guidelines recommend screening for

* Corresponding author. Tel.: +81 58 230 6373; fax: +81 58 230 6375.
E-mail address: esuzuki@gifu-u.ac.jp (E. Suzuki).

filtration rate (eGFR) as calculated by the modification of dietin
renal disease (MDRD) formula to detect chronic kidney disease
attributed to diabetes [6]. Vascular inflammation contributes
to the pathogenesis of both micro- and macrovascular
complications of diabetes through the actions of proinflam-
matory cytokines [7,8]. Tumor necrosis factor-alpha (TNF-«)

0168-8227/$ - seé front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
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can be produced by adipose tissues [9], kidneys [10] and
atherosclerotic lesions in the arterial walls [11]. In the kidneys,
advanced glycation end-products (AGEs) [12], angiotensin II
[13] and oxidized LDL [14] can stimulate TNF-a synthesis from
the renal cells and initiate local effects of renal damage. The
activities of this cytokine are not limited to the renal injury;
intra-arterial TNF-o administration can cause vascular inflam-
mation and impair endothelial function [15]. Circulating levels
of TNF-a are elevated in patients with metabolic syndrome
[16], regarded as a prediabetic state, and in obese [17] or
nephropathic [18] patients with type 2 diabetes. Such patients
are therefore considered at high risk of CVD events.

Diabetic nephropathy is a major contributor to the
development of atherosclerosis including vascular calcifica-
tion [19] and arterial stiffness [20]. Vascular calcification is a
manifestation of atherosclerosis that begins early in the
atherosclerotic process [21]. A number of studies have
documented the usefulness of electron-beam computed
tomography (EBCT) [22] and multidetector-row computed
tomography (MDCT) [23] for detection and evaluation of the
extent of calcium deposits in the coronary arteries among
asymptomatic patients before the onset of life-threatening
cardiac events. Autopsy [22] and angiographic studies [24] of
the coronary arteries reveal that the amount of calcification
correlates with the burden of atherosclerosis. Diabetic
patients show twofold prevalence of extensive coronary
artery calcification compared with nondiabetic subjects [25].
Aortic stiffness is greater in diabetic patients than in
nondiabetic subjects [26]. Large artery stiffness leads to
increased systolic blood pressure and ventricular mass and
hampers coronary filling in diastole [27], leading to increased
CVD risk. Although coronary artery calcification and large
artery stiffness are powerful predictors of CVD events [24,28],
the association of TNF-a with these risk factors has not been
fully elucidated in diabetic patients.

In the present study, we investigated the association of
circulating levels of TNF-a with the severity of atherosclerosis
or renal insufficiency in type 2 diabetic patients.

2. Materials and methods

Two hundred type 2 diabetic patients and 30 age-matched
nondiabetic subjects ranging in age from 50 to 69 years who
had been consecutively admitted to our hospital between
November 2004 and October 2007 were recruited for the study.
All patients were admitted for strict glycemic control or
assessment of diabetic complications; no patients had clinical
history of cerebrovascular disease, coronary arterial disease,
or peripheral artery occlusive disease. Patients who abused
alcohol or showed liver cirrhosis, severe nephropathy (serum
creatinine > 176.8 pmol/l), malignant neoplasm, acute illness
or urinary tract infections were excluded from the study.
Patients were considered to have cerebrovascular disease if
they had a history of sudden focal neurological deficit.
Coronary arterial disease was diagnosed if the patients had
a history of myocardial infarction or showed abnormal
electrocardiographic findings. Peripheral arterial occlusive
disease was diagnosed if the patient had an abnormal ankle-
brachial index (ABI) of <0.9 at rest [29]. Presence of pyuria or

hematuria was diagnosed by microscopic examination and
counting of the number of white blood cells or red blood cells
per high-power field in the last voided urine of a 24-h
collection. Although administration of angiotensin converting
enzyme inhibitor (ACEI) and angiotensin II receptor blocker
(ARB) can act to prevent angiotensin II actions, decrease UAE,
slow the decline in the glomerular filtration rate and reduce
circulating levels of TNF-a due to anti-inflammatory effects
[30-32], all patients with hypertension (>140/90 mmHg)
received antihypertensive agents for the management of high
blood pressure. Although hydroxymethylglutaryl coenzyme A
reductase inhibitor (statins) can reduce serum levels of TNF-«
[33], the medication was used for the treatment of dyslipide-
mia in patients. Nondiabetic subjects were admitted for
hormonal evaluation of adrenal mass and subjects with
normal function were included in the study. The study was
approved by the ethics committee of our institution, and
informed consent was obtained from all subjects before the
examinations, which were done during their stay in the
hospital.

Blood samples were drawn before breakfast in the morning
after a 12-h overnight fast. Blood pressure was measured by a
mercury sphygmomanometer with the patient in the sitting
position after 5 min of rest. Three readings separated by 2 min
were taken and the average was used for the analysis. An
automatic device (BP-203RPE; Colin, Komaki, Japan) was used
to measure ABI and brachial-ankle pulse wave velocity
(baPWV), as an index of stiffness in elastic and muscular
arteries [34]. A trained ophthalmologist carried out fundus
ophthalmoscopies and defined diabetic patients as either
without retinopathy, having simple retinopathy or prolifera-
tive retinopathy. Diabetic patients were classified by the
measurement of UAE in 24-h urine collection as having
normoalbuminuria, microalbuminuria, or macroalbuminuria
when at least two of three specimens were at diagnostic
thresholds of less than 30, 30-300, or greater than 300 mg/24 h,
respectively [5]. The Japanese ethnic factor for the MDRD
equation has been reported to be 0.881 [35]. Therefore, eGFR
was calculated by the MDRD formula as follows: eGFR (ml/min
per 1.73 m?) = 0.881 x 186.3 x age™*2%% x SCr~*** (if female x
0.742), where SCr is serum creatinine (mg/dl). Renal insuffi-
ciency was defined as eGFR of <60 ml/min per 1.73 m? [36].
Patients with diabetes were screened for distal symmetric
polyneuropathy using a 128-Hz tuning fork applied to the bony
prominence at the dorsalis surface of both great toes, just
proximal to the nail bed [37]. When the tuning fork was placed
on the foot for 10 s, if the patients required >10 s to detect the
vibration, vibration perception was regarded as compromised.
Each subject was also classified as a current smoker or
nonsmoker. Nonsmokers were defined as not using tobacco
for at least the previous 3 years. Serum TNF-a concentrations
were measured by enzyme immunoassay kit (Quantikine HS
Human TNF-«a kit, R&D Systems, Minneapolis, MN).

Twenty-four contiguous slices of 2.5-mm thickness of the
proximal coronary arteries were obtained during a single
breath hold using a sixteen multidetector-row computed
tomography (16-MDCT) scanner (LightSpeed Ultrafast 16, GE
Healthcare, Milwaukee, WI). These scans are electrocardio-
graphically triggered at 70% of the R-R interval, near the end of
diastole and before atrial contraction, to minimize the effect of
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cardiac motion. Coronary calcium score was analyzed on an
Advantage Windows version 4.2 workstation (GE Healthcare,
Milwaukee, WI) with scoring software (Smartscore version
3.5). The Agatston coronary artery calcium score (CACS),
including both intimal and medial calcification in left main,
left anterior descending, circumflex, and right coronary
arteries, were obtained as a quantitative marker of calcium
burden in the coronary artery [38]. From comparison between
16-MDCT and EBCT, 16-MDCT can detect coronary calcifica-
tion and may be an alternative to EBCT [23]. The tests were
almost equivalent in coronary artery calcium scoring: 16-
MDCT score =7.7 + 1.015 x EBCT score (r? = 0.955).

Statistical evaluation was carried out on SPSS software
version 11.0 for Windows (SPSS Inc., Chicago, IL). Normality of
distribution of each variable was assessed with the Kolmo-
gorov-Smirnov test. Comparison between the two groups was
done using the unpaired Student’s t-test. A multiple compar-
ison of significant differences among the four groups was
carried out by one-way analysis of variance followed by
Scheffe’s F-test. The y?-test for 2 x 2 or Bonferronitestfor2 x 4
contingency tables was used to compare the frequencies
between two groups or among four groups. Pearson’s
correlation coefficient was applied to assess the relation
between normally distributed variables. Since distribution of
CACS was highly skewed, common log-transformed CACS
[log(CACS +1)] was wused for linear regression analysis.
Stepwise multiple regression analyses were performed to
evaluate the association of log(CACS + 1) or baPWV with 12

possible risk factors for atherosclerosis, four factors for
microangiopathy and TNF-« in diabetic patients. The F-value
was set at 4.0 at each step. Values are expressed as the
means =+ S.D. p values <0.05 were considered to be statistically
significant.

3. Results

3.1.  All subjects

Clinical characteristics of all subjects are summarized in
Table 1. There were no significant differences between the
groups for prevalence of male gender, age, body mass index
(BMI), total cholesterol (TC), frequency of smoking habit and
ABIL However, compared with nondiabetic subjects, diabetic
patients had higher fasting plasma glucose (FPG)
(p <0.0001), hemoglobin Alc (HbA1c) (p < 0.0001), triglycer-
ides (TGs) (p=0.0203) and systolic blood pressure (sBP)
(p=0.0186) and lower HDL cholesterol (HDL-C) (p = 0.0011)
and diastolic blood pressure (dBP) (p=0.0432). Diabetic
patients had higher frequency of elevated UAE (p < 0.0001),
baPWV (p=0.0293), log(CACS +1) (p=0.0089) and TNF-a
(p =0.0029) than in the nondiabetic subjects, whereas eGFR
and serum levels of calcium (Ca), inorganic phosphate (IP)
and alkaline phosphatase (ALP) were similar in the two
groups. To clarify the associations among severity of
atherosclerosis and kidney function in diabetic patients,

inical characteristic

diabetic patients and age-matched nondiabetic subjects
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Fig. 1 - Simple linear regression analyses among estimated glomerular filtration rate (eGFR), coronary artery calcium score
(CACS) and brachial-ankle pulse wave velocity (baPWV) in type 2 diabetic patients. (A) eGFR vs. 1og(CACS + 1); (B) eGFR vs.

baPWV; (C) baPWV vs. log(CACS + 1).

simple linear regression analyses, as shown in Fig. 1, were
performed. Log(CACS + 1), baPWV and eGFR were negatively
[eGFR vs. log(CACS + 1), p <0.0001; eGFR vs. baPWV, p=
0.0117] or positively [baPWV vs. log(CACS + 1), p < 0.0001]
correlated with each other.

3.2.  Nephropathy

To clarify the association of kidney disease with the severity of
atherosclerosis, patients were classified into four subgroups
with or without elevated UEA and renal insufficiency. The

Table 2 - Diabetic patients classified into four subgroups with or without elevated urinary albumin excretion (UAE) and
renal insufficiency according to the levels of UAE of >30 or <30 mg/24 h and estimated glomerular filtration rate (eGFR) of

<60 or >60 ml/min per 1.73 m?
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Fig. 2 - Serum levels of tumor necrosis factor-alpha (TNF-o)
in patients with type 2 diabetes grouped into four
subgroups with or without elevated urinary albumin
excretion (UAE) and renal insufficiency according to the
levels of UAE of >30 or <30 mg/24 h and estimated
glomerular filtration rate (eGFR) of <60 or >60 ml/min per
1.73 m2

clinical characteristics are shown in Table 2. There were no
significant differences among these groups for prevalence of
male gender, age, BMI, FPG, HbAlc, TC, HDL-C, frequency of
patients taking statins, dBP, prevalence of smoking habit, ABI,
Ca, IP and ALP. Patients with micro- and macroalbuminuric
renal insufficiency had the longest duration of diabetes
(p=0.0225), highest TGs (p=0.0061), sBP (p=0.0364), fre-
quency of patients taking ACEI and/or ARB (p < 0.01), retino-
pathy (p < 0.01) and neuropathy (p < 0.05). Furthermore, these
patients showed the highest baPWV (p =0.0068) and log(-
CACS + 1) (p < 0.0001) among the groups. Although 18 of 200
(9%) patients showed renal insufficiency, they had normoal-
buminuria and similar log(CACS + 1) and baPWV compared to
normoalbuminuric patients without renal insufficiency.

3.3. TNF-«

Serum concentrations of TNF-a in each group are shown in
Fig. 2. Both normoalbuminuric (p =0.0230) and micro- and
macroalbuminuric (p < 0.0001) patients with renal insuffi-
ciency had higher TNF-a than in normoalbuminuric patients

without renal insufficiency. To clarify the association of the
severity of atherosclerosis or kidney function with serum
levels of TNF-x, simple linear regression analyses were
performed as shown in Fig. 3. Log(CACS+1) (p =0.0008)
(Fig. 3A) and baPWV (p = 0.0006) (Fig. 3B) positively and eGFR
{p <0.0001) (Fig. 3C) negatively correlated with TNF-a among
these patients.

3.4.  Risk factors

Stepwise multiple regression analyses were performed to
examine the association of log(CACS + 1) or baPWV with 12
possible risk factors for atherosclerosis (age, male sex, BMI,
duration of diabetes, FBS, HbA1c, sBP, dBP, TC, HDL-C, TGs and
smoking habit), four factors for microangiopathy (retinopathy,
micro- and macroalbuminuria, eGFR and neuropathy) and
TNF-a. Age (8=0.034; F=7.193), smoking habit (8=0.410;
F =6.791), retinopathy (8 = 0.575; F = 15.670), eGFR (8 = —0.014;
F=6.768) and TNF-a (=0.323; F=4.985) for log(CACS + 1)
{r*=0.214, p <0.0001), and age (8=10.791; F=18.338), sBP
(8=6.593; F=38.377), retinopathy (8=79.888; F=6.620) and
TNF-a (8= 67.305; F = 5.111) for baPWV (r?=0.326, p < 0.0001)
were identified as significant independent variables, respec-
tively.

q, Discussion

In this study, we have demonstrated for the first time that
severity of coronary artery calcification, arterial stiffness and
renal insufficiency associate with circulating levels of TNF-a in
type 2 diabetic patients. Our findings support the notion that
TNF-a is a key molecule in the development of micro- and
macrovascular complications and that use of anti-inflamma-
tory agents may therefore act to reduce CVD events in diabetic
patients. However, 9% of our patients with normoalbuminuric
renal insufficiency showed characteristically distinct athero-
sclerotic features from those of patients with micro- and
macroalbuminuric renal insufficiency, even though both
groups had higher circulating levels of TNF-a than in
normoalbuminuric patients without renal insufficiency.
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Fig. 3 - Simple linear regression analyses between serum levels of tumor necrosis factor-alpha (TNF-a) with coronary artery
calcium score (CACS) (A), brachial-ankle pulse wave velocity (baPWV) (B) or estimated glomerular filtration rate (¢GFR) (C) in

type 2 diabetic patients.
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Our data reveal that when diabetic patients are subgrouped
with or without elevated UAE and renal insufficiency, patients
with micro- and macroalbuminuric renal insufficiency show
the highest coronary artery calcification, arterial stiffness and
serum levels of TNF-a among the groups. Although these
factors except for TNF-a have been reported previously, our
study demonstrates that age [39}, smoking habit [40], retino-
pathy [41], kidney function [19] and TNF-« are independent
variables for coronary artery calcification, and age [42],
hypertension [43], retinopathy [44] and TNF-« are independent
variables for arterial stiffness, respectively. Kidney is a major
source of TNF-a synthesis [10], but there are several extrarenal
sources of this molecule, including adipose tissue [9] and
atherosclerotic lesions [11]. These results indicate that TNF-«
is a predictor of both coronary artery calcification and arterial
stiffness and is independent of reduced kidney function for
coronary artery calcification in type 2 diabetic patients.

Although we did not investigate the primary source of TNF-
@, a previous report noted that renal production of this
cytokine is elevated in patients with type 2 diabetes [45). In the
kidneys, TNF-a is produced mainly by infiltrating macro-
phages [46], as well as by intrinsic renal cells including
endothelial, mesangial, glomerular and tubular epithelial cells
[10). Various atherogenic factors such as AGEs [12], angioten-
sin 11 [13] and oxidized LDL [14] can stimulate TNF-« synthesis
from these cells and initiate local effects of renal damage.
Endothelial cells in the intimal layer actively regulate vascular
tone and permeability and the balance between coagulation
and fibrolysis [47]. Thus, the increased permeability for
albumin through the vascular wall in the kidneys reflects
systemic endothelial injury that leads to increased risk of CVD
events.

Nephropathy in patients with type 2 diabetes is more
heterogeneous than in type 1 diabetic patients. Type 2 diabetic
patients often develop renal dysfunction in the absence of
increased albuminuria, which conditions initially develop
during the prediabetic state secondary to age, hypertension
and other factors [48]. In the United States, 30% of newly
diagnosed type 2 diabetic patients were found to exhibit renal
insufficiency without retinopathy and albuminuria [49]. A
longitudinal study demonstrates that risk for progression of
renal failure or death in diabetic patients with normoalbumi-
nuric renal insufficiency is lower than in patients with
albuminuric renal insufficiency [S0]. In the present study,
9% of the diabetic patients had renal insufficiency without
elevated UAE. Although these patients had higher serum
levels of TNF-a compared to normoalbuminuric patients
without renal insufficiency, the severity of atherosclerosis
was similar in the two groups. This inconsistency between
abnormal TNF-« production and the severity of atherosclero-
sis in patients with normoalbuminuric renal insufficiency has
not been clarified.

Cytotoxic activities of inflammatory cytokines are not
limited to renal damage. Intra-arterial TNF-o administration
causes vascular inflammation and endothelial dysfunction
[15], which is an early stage of the atherosclerotic process.
Diabetic patients have a greater amount of coronary calcium
deposition than in nondiabetic subjects [25] and excessive
coronary calcification associates with insulin resistance [51].
Coronary artery calcium is present only in atherosclerotic

lesions and can be quantified safely with ultrafast computed
tomography. The resulting calcium score represents the
presence and extent of atherosclerosis and is useful in
predicting CVD events [24]. Vascular calcification is an active
and regulated process related to various inflammatory cells
and cytokines. Macrophages can contribute to the develop-
ment of vascular calcification through TNF-a production, as a
regulator of bone formation [52]. TNF-a changes the pheno-
type of vascular smooth muscle cells and induces osteoblastic
differentiation [53). Diabetic patients have a higher aortic
stiffness than in nondiabetic subjects [26]. Pulse wave velocity,
which depends on arterial radius and wall thickness [54], is
widely used to assess arterial distensibility. Functional or
structural alterations of vessel wall properties can alter
arterial compliance and increase blood pressure. TNF-a can
impair endothelial function and lead to functional stiffness in
the vessel wall due to reduced nitric oxide bioavailability [S5].
Vascular smooth muscle cell migration into the intima followed
by proliferation and matrix deposition is a central feature of
early atherosclerosis [S6]. Thus, both an increase in intima-
media thickness [57] and vascular calcification [52,53] caused by
excessive TNF-« production in the diabetic state are involved in
the pathogenesis of structural rigidity of the vessel wall.

Because the present study is a cross-sectional design,
further prospective study is required to clarify the role of
abnormal TNF-« secretion in the development of micro- and
macrovascular complications in patients with type 2 diabetes.
In addition, our data were obtained in a Japanese population,
and it remains to be established whether these results can be
generalized. Furthermore, the inconsistency between abnor-
mal TNF-a production and the severity of atherosclerosis in
patients with normoalbuminuric renal insufficiency has not
been clarified. Finally, because the administration of ACEI,
ARB and statins can affect UAE, glomerular filtration rate and
circulating levels of TNF-a, the influences of these medica-
tions on our data are unclear.

Acknowledgments

This study was supported by Grant-in-Aid for Scientific
Research on Priority Areas of Medical Genome Science from
the Japanese Ministry of Science, Education, Sports, Culture
and Technology and a Health and Labor Science Research
Grant for Research on Human Genome and Tissue Engineering
from the Japanese Ministry of Health, Labor and Welfare, and
in part by the New Energy and Industrial Technology
Development Organization Grant.

Conflict of interest

The authors declare that they have no conflict of interest.

REFERENCES

[1] AL Adler, RJ. Stevens, S.E. Manley, RW. Bilous, C.A. Cull,
R.R. Holman, Development and progression of nephropathy



64 DIABETES RESEARGH AND CLINICAL PRACTICE 82 (2008) 58-65

in type 2 diabetes: the United Kingdom Prospective
Diabetes Study (UKPDS64), Kidney Int. 63 (2003) 225-232.

[2] H.C. Gerstein, J.F. Mann, Q. Yi, B. Zinman, S.F. Dinneen, B.
Hoogwerf, et al., Albuminuria and risk of cardiovascular
events, death, and heart failure in diabetic and nondiabetic
individuals, JAMA 286 (2001) 421-426.

[3] M.J. Samak, A.S. Levey, A.C. Schoolwerth, J. Coresh, B.
Culleton, L.L. Hamm, et al., Kidney disease as a risk factor
for development of cardiovascular disease: a statement
from the American Heart Association Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research,
Clinical Cardiology, and Epidemiology and Prevention,
Circulation 108 (2003) 2154-2169.

[4] W.Y. So, A.P. Kong, R.C. Ma, R. Ozaki, C.C. Szeto, N.N. Chan,
etal, Glemerular filtration rate, cardiorenal end points, and
all-cause mortality in type 2 diabetic patients, Diabetes
Care 29 (2006} 2046~2052.

[5] American Diabetes Association, Standards of medical care
in diabetes, Diabetes Care 31 (2008) S12-554.

[6] H. Kramer, M.E. Molitch, Screening for kidney disease in
adults with diabetes, Diabetes Care 28 (2005) 1813-1816.

[7] A.Festa, R. D'Agostino, G. Howard, L. Mykkénen, R.P. Tracy,
S.M. Haffner, Inflammation and microalbuminuria in
nondiabetic and type 2 diabetic subjects: the Insulin
Resistance Atherosclerosis Study, Kidney Int. 58 (2000)
1703-1710.

[8] M. Soinio, J. Marniemi, M. Laakso, S. Lehto, T. Rénnemaa,
High-sensitivity C-reactive protein and coronary heart
disease mortality in patients with type 2 diabetes: a 7-year
follow-up study, Diabetes Care 29 (2006) 329-333.

[9] G.S. Hotamisligil, N.S. Shargill, B.M. Spiegelman, Adipose
expression of tumor necrosis factor-alpha: direct role in
obesity-linked insulin resistance, Science 259 (1993) 87-91.

{10] J. Egido, M. Gémez-Chiarr, A. Ortiz, C. Bustos, J. Alonso, C.
Gémez-Guerrero, et al., Role of tumor necrosis factor-alpha
in the pathogenesis of glomerular diseases, Kidney Int.
Suppl. 39 (1993) S59-564.

[11] H.G. Rus, F. Niculescu, R. Vlaicu, Tumor necrosis factor-
alpha in human arterial wall with atherosclerosis,
Atherosclerosis 89 (1991) 247-254.

[12] G. Rashid, S. Benchetrit, D. Fishman, J. Bernheim, Effect of
advanced glycation end-products on gene expression and
synthesis of TNF-alpha and endothelial nitric oxide
synthase by endothelial cells, Kidney Int. 66 (2004)
1099-1106.

{13] M. Ruiz-Ortega, M. Ruperez, O. Lorenzo, V. Esteban, J.
Blanco, S. Mezzang, et al., Angiotensin II regulates the
synthesis of proinflammatory cytokines and chemokines in
the kidney, Kidney Int. Suppl. 82 (2002) 12-22.

[14] S. Jovinge, M.P. Ares, B. Kallin, J. Nilsson, Human
monocytes/macrophages release TNF-alpha in response to
Ox-LDL, Arterioscler. Thromb. Vasc. Biol. 16 (1996)
1573-1579.

{15] S. Chia, M. Qadan, R. Newton, C.A. Ludlam, K.A. Fox, D.E.
Newby, Intra-arterial tumor necrosis factor-alpha impairs
endothelium-dependent vasodilatation and stimulates
local dssue plasminogen activator release in humans,
Arterioscler. Thromb. Vasc. Biol. 23 (2003) 695-701.

[16] G.S. Hotamisligil, B.M. Spiegelman, Tumor necrosis factor
alpha: a key component of the obesity-diabetes link,
Diabetes 43 (1994} 1271-1278.

[17] A. Katsuki, Y. Sumida, S. Murashima, K. Murata, Y.
Takarada, K. Ito, et al., Serum levels of tumor necrosis
factor-alpha are increased in obese patients with
noninsulin-dependent diabetes mellitus, J. Clin.
Endocrinol. Metab. 83 (1998) 859-862.

[18] Y. Moriwaki, T. Yamamoto, Y. Shibutani, E. Acki, Z.
Tsutsumi, S. Takahashi, et al., Elevated levels of
interleukin-18 and tumor necrosis factor-alpha in serum of

patients with type 2 diabetes mellitus: relationship with
diabetic nephropathy, Metabolism 52 (2003) 605-608.

[19] R. Mehrotra, M. Budoff, J.E. Hokanson, E. Ipp, J. Takasu, 5.
Adler, Progression of coronary artery calcification in
diabetics with and without chronic kidney disease, Kidney
Int. 68 (2005) 1258-1266.

{20] A. Smith, J. Karalliedde, L. De Angelis, D. Goldsmith, G.
Viberti, Aortic pulse wave velocity and albuminuria in
patients with type 2 diabetes, J. Am. Soc. Nephrol. 16 (2005)
1069-1075.

[21] L. Wexler, B. Brundage, J. Crouse, R. Detrano, V. Fuster, J.
Maddahi, et al., Coronary artery calcification:
pathophysiology, epidemiology, imaging methods, and
clinical implications, a statement for health professionals
from the American Heart Association, Writing Group,
Circulation 94 (1996) 1175-1192.

[22] J.A. Rumberger, D.B. Simons, L.A. Fitzpatrick, P.F. Sheedy,
R.S. Schwartz, Coronary artery calcium area by electron-
beam computed tomography and coronary atherosclerotic
plaque area, a histopathologic correlative study,
Circulation 92 (1995) 2157-2162.

[23] J. Horiguchi, H. Yamamoto, Y. Akiyama, K. Marukawa, N.
Hirai, K. Ito, Coronary artery calcium scoring using 16-
MDCT and a retrospective ECG-gating reconstruction
algorithm, Am. J. Roentgenol. 183 (2004} 103-108.

[24] M. Hosoi, T. Sato, K. Yamagami, T. Hasegawa, T. Yamakita,
M. Miyamoto, et al., Impact of diabetes on coronary
stenosis and coronary artery calcification detected by
electron-beam computed tomography in symptomatic
patients, Diabetes Care 25 (2002) 696-701.

{25] S. Schurgin, S. Rich, T. Mazzone, Increased prevalence of
significant coronary artery calcification in patients with
diabetes, Diabetes Care 24 (2001) 335-338.

[26] H. Oxlund, L.M. Rasmussen, T.T. Andreassen, L.
Heickendorff, Increased aortic stiffness in patients with
type 1 (insulin-dependent) diabetes mellitus, Diabetologia
32 {1989) 748-752.

[27] N. Westerhof, M.F. O'Rourke, Haemodynamic basis for the
development of left ventricular failure in systolic
hypertension and for its logical therapy, J. Hypertens. 13
(1995) 943-952.

[28] K. Cruickshank, L. Riste, 5.G. Anderson, }.S. Wright, G.
Dunn, R.G. Gosling, Aortic pulse-wave velocity and its
relationship to mortality in diabetes and glucose
intolerance: an integrated index of vascular function?
Circulation 106 (2002) 2085-2090.

[29] T.J. Orchard, D.E. Strandness Jr., Assessment of peripheral
vascular disease in diabetes, report and recommendations
of an international workshop sponsored by the American
Heart Association and the American Diabetes Association
18-20 September 1992, New Orleans, Louisiana, Diabetes
Care 16 (1993) 1199-1209.

[30] M. Ravid, H. Savin, L Jutrin, T. Bental, B. Katz, M. Lishner,
Long-term stabilizing effect of angiotensin-converting
enzyme inhibition on plasma creatinine and on proteinuria
in normotensive type II diabetic patients, Ann. Intern. Med.
118 (1993) 577-581.

[31] B.M. Brenner, M.E. Cooper, D. de Zeeuw, W.F. Keane, W.E.
Mitch, H.H. Parving, et al., Effects of losartan on renal and
cardiovascular outcomes in patients with type 2 diabetes
and nephropathy, N. Engl. J. Med. 345 {2001) 861-869.

[32] D. Fliser, K. Buchholz, H. Haller, European trial on
olmesartan and pravastatin in inflammation and
atherosclerosis (EUTOPIA) investigators, antiinflammatory
effects of angiotensin II subtype 1 receptor blockade in
hypertensive patients with microinflammation, Circulation
110 (2004) 1103-1107.

[33] D. Ferro, S. Parrotto, S. Basili, C. Alessandri, F. Violi,
Simvastatin inhibits the monocyte expression of



DIABETES RESEARCH AND CLINICAL PRACTICE 82 {2008) 58-65 65

proinflammatory cytokines in patients with
hypercholesterolemia, J. Am. Coll. Cardiol. 36 (2000)
427-431.

[34] A. Yamashina, H. Tomiyama, K. Takeda, H. Tsuda, T. Arai,
K. Hirose, et al,, Validity, reproducibility, and clinical
significance of noninvasive brachial-ankle pulse wave
velocity measurement, Hypertens. Res. 25 (2002) 359-364.

[35] E. Imai, M. Horio, K. Nitta, K. Yamagata, K. Iseki, S. Hara,
et al,, Estimation of glomerular filtration rate by the MDRD
study equation modified for Japanese patients with chronic
kidney disease, Clin. Exp. Nephrol. 11 (2007) 41-50.

[36] National Kidney Foundation, K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation,
classification, and stratification, Am. J. Kidney Dis. 39 (2002)
546-S64.

[37] AJ. Boulton, A.L Vinik, J.C. Arezzo, V. Bril, E.L. Feldman, R.
Freeman, et al., Diabetic neuropathies: a statement by the
American Diabetes Association, Diabetes Care 28 (2005)
956-962.

[38] A.S. Agatston, W.R. Janowitz, F.J. Hildner, N.R. Zusmer, M.
Viamonte Jr., R. Detrano, Quantification of coronary artery
calcium using ultrafast computed tomography, J. Am. Coll.
Cardiol. 15 (1990) 827-832.

[39] W.R. Janowitz, A.S. Agatston, G. Kaplan, M. Viamonte Jr.,
Differences in prevalence and extent of coronary artery
calcium detected by ultrafast computed tomography in
asymptomatic men and women, Am. J. Cardiol. 72 {1993)
247-254.

{40] C.M. Loria, K. Liu, C.E. Lewis, S.B. Hulley, S. Sidney, P.J.
Schreiner, et al., Early adult risk factor levels and
subsequent coronary artery calcification: the CARDIA
Study, J. Am. Coll. Cardiol. 49 (2007) 2013-2020.

[41] T.Y. Wong, N. Cheung, F.M. Islam, R. Klein, M.H. Criqui,
M.F. Cotch, et al,, Relation of retinopathy to coronary artery
calcification: the multi-ethnic study of atherosclerosis, Am.
J. Epidemiol. 167 (2008) 51-58.

[42) ]. Blacher, G.M. London, M.E. Safar, J.J. Mourad, Influence of
age and end-stage renal disease on the stiffness of carotid
wall material in hypertension, J. Hypertens. 17 (1999}
237-244.

[43] D. Liao, D.K. Arnett, H.A. Tyroler, W.A. Riley, L.E.
Chambless, M. Szklo, et al,, Arterial stiffness and the
development of hypertension, The ARIC study,
Hypertension 34 (1999) 201-206.

[44] O. Ogawa, C. Hayashi, T. Nakaniwa, Y. Tanaka, R.
Kawamori, Arterial stiffness is associated with diabetic
retinopathy in type 2 diabetes, Diabetes Res. Clin. Pract. 68
{2005) 162-166.

[45] J.F. Navarro, C. Mora, A. Rivero, E. Gallego, J. Chahin, M.
Macia, et al., Urinary protein excretion and serum tumor
necrosis factor in diabetic patients with advanced renal
failure: effects of pentoxifylline administration, Am. J.
Kidney Dis. 33 {1999) 458463,

[46] C. Sassy-Prigent, D. Heudes, C. Mandet, M.F. Bélair, O.
Michel, B. Perdereau, et al., Early glomerular macrophage
recruitment in streptozotocin-induced diabetic rats,
Diabetes 49 {2000) 466-475.

[47] C.D. stehouwer, M.A. Gall, ].W. Twisk, E. Knudsen, JJ.
Emeis, H.H. Parving, Increased urinary albumin excretion,
endothelial dysfunction, and chronic low-grade
inflammation in type 2 diabetes: progressive, interrelated,
and independently associated with risk of death, Diabetes
51 (2002) 1157-1165.

[48] J. Chen, P. Muntner, L.L. Hamm, V. Fonseca, V. Batuman,
P.K. Whelton, et al., Insulin resistance and risk of chronic
kidney disease in nondiabetic US adults, J. Am. Soc.
Nephrol. 14 (2003) 469-477.

[49] HJ. Kramer, Q.D. Nguyen, G. Curhan, C.Y. Hsu, Renal
insufficiency in the absence of albuminuria and
retinopathy among adults with type 2 diabetes mellitus,
JAMA 289 (2003) 3273-3277.

[SO] V. Rigalleau, C. Lasseur, C. Raffaitin, M.C. Beauvieux, N.
Barthe, P. Chauveau, et al., Normoalbuminuric renal-
insufficient diabetic patients: a lower-risk group, Diabetes
Care 30 (2007) 2034-2039.

{51] J.B. Meigs, M.G. Larson, R.B. D’Agostino, D. Levy, M.E.
Clouse, D.M. Nathan, et al., Coronary artery calcification in
type 2 diabetes and insulin resistance: the framingham
offspring study, Diabetes Care 25 (2002) 1313-1319.

[52] A. Shioi, M. Katagi, Y. Okuno, K. Mori, S. Jono, H. Koyama,
et al., Induction of bone-type alkaline phosphatase in
human vascular smooth muscle cells: roles of tumor
necrosis factor-alpha and oncostatin M derived from
macrophages, Circ. Res, 91 (2002) 9-16.

[53] Y. Tintut, ]. Patel, F. Parhami, L.L. Demer, Tumor necrosis
factor-alpha promotes in vitro calcification of vascular cells
via the cAMP pathway, Circulation 102 (2000) 2636-2642.

[54] R. Asmar, A. Benetos, J. Topouchian, P. Laurent, B. Pannier,
AM. Brisac, et al,, Assessment of arterial distensibility by
automatic pulse wave velocity measurement, validation
and clinical application studies, Hypertension 26 (1995)
485-490.

[55] A. Picchi, X. Gao, S. Belmadani, B.J. Potter, M. Focardi, W.M.
Chilian, et al., Tumor necrosis factor-alpha induces
endothelial dysfunction in the prediabetic metabolic
syndrome, Circ. Res. 99 (2006) 69-77.

[56] S. Jovinge, A. Hultgardh-Nilsson, J. Regnstrdm, J. Nilsson,
Tumeor necrosis factor-alpha activates smooth muscle cell
migration in culture and is expressed in the balloon-injured
rat aorta, Arterioscler. Thromb. Vasc. Biol. 17 (1997)
490-497. :

[57} Y. Yamasaki, M. Kodama, H. Nishizawa, K. Sakamoto, M.
Matsuhisa, Y. Kajimoto, et al, Carotid intima-media
thickness in Japanese type 2 diabetic subjects: predictors of
progression and relationship with incident coronary heart
disease, Diabetes €are 23 (2000) 1310-1315.



© 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard

Journal of Pineal Research

J. Pineal Res. 2008; 45:17-23

Doi:10.1111/j.1600-079X.2007.00549.x

Consumption of vegetables alters morning urinary

6-sulfatoxymelatonin concentration

Abstract: Melatonin, which is contained in certain vegetables, may have an
influence on circulatory melatonin concentrations. This study examined the
effects of the consumption of vegetables on 6-sulfatoxymelatonin
concentrations in morning urine. Ninety-four healthy women aged 24-55
were recruited through a city public health center in Japan. The women
randomly allocated to the intervention group were requested to consume
high amounts of six selected vegetables, with a target of 350 g/day for

65 days, while those in the control group were asked to avoid the same six
vegetables during the same period. First-void morning urine was collected
before and at the end of the intervention period, and creatinine-adjusted
6-sulfatoxymelatonin concentrations were measured. At the end of the
intervention period, daily mean intake of melatonin from the six vegetables
was 1288.0 ng in the intervention group and 5.3 ng in the control group. In
the intervention group, the mean concentration of 6-sulfatoxymelatonin
changed from 48.1 [95% confidence interval (CI): 40.4-57.2] ng/mg
creatinine to 49.6 (95% CI: 42.8-57.3) ng/mg creatinine across the
intervention period. In the control group, the mean concentration of
6-sulfatoxymelatonin changed from 55.5 (95% CI: 48.7-63.2) ng/mg
creatinine to 50.8 (95% CI: 44.0-58.7) ng/mg creatinine across the
intervention period. A comparison of the two groups with regard to the
changes in the 6-sulfatoxymelatonin concentrations across the intervention
period showed a significant difference (P = 0.03). The results indicate that
increased consumption of vegetables raises circulatory melatonin
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concentrations.

Introduction

Human melatonin has been studied with regard to its
beneficial role in protecting against cancers [1-3]. Several in
vitro studies demonstrated the oncostatic effect of mela-
tonin on different tumor cells, such as cells from breast
cancer, colon cancer, melanoma, ovarian carcinoma, pros-
tate cancer, neuroblastoma, pituitary tumor, larynx
carcinoma, oral carcinoma, bladder carcinoma and ery-
throleukemia [4-6]. Studies in animals reported the anti-
carcinogenesis effect of orally ingested melatonin on tumors
in mammary and liver [7, 8]. Antioxidant effects of
melatonin and its metabolites such as N'-acetyl-5-meth-
oxykynuramine (AMK) and N'-acetyl-N’-formyl-5-meth-
oxykynuramine (AFMK) were also examined in laboratory
studies [9-13]; free radicals play an important role in
cancer cell proliferation, and may influence on age-related
diseases [14].

Compared with those, the epidemiologic studies of
melatonin in relation to the risk of cancer are still scarce.
_ Thus far, two epidemiologic studies were conducted
prospectively to assess the association of melatonin con-
centrations with breast cancer risk; one study found a lower
risk of breast cancer with higher melatonin concentrations
measured in the first morning urine {15}, and the other
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study found no evidence that melatonin concentrations in
24-hr urine samples associated with the risk for breast
cancer [16]. Melatonin exists in edible plants and vegetables
[17-19]. Beneficial effects of vegetable intake in protecting
against cancer and cardiovascular disease have been sug-
gested by epidemiologic evidence [20, 21]. Although several
mechanisms for these beneficial effects have been already
hypothesized and studied [21, 22], melatonin contained in
the vegetables might be another possible agent to support
the positive effects. In our previous cross-sectional study
among Japanese females, urinary melatonin concentrations
increased significantly with increased vegetable intake in the
regular diet [23]. We hypothesized that the consumed
vegetables may be one of the sources of melatonin in
humans; no previous study had examined this hypothesis.

The aim of the present randomized-controlled study was
to examine the effects of the consumption of vegetables
containing high amounts of melatonin, on 6-sulfatoxyme-
latonin concentrations in first-void morning urine as a
reflection of the nocturnal melatonin concentrations [24-
26]. Hattori et al. [17] investigated the presence of melato-
nin in vegetables and identified that certain vegetables
commonly consumed in Japan contained certain amounts
of melatonin; however, the melatonin contents of all
commercially available vegetables have not yet been
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identified. Hence, our focus is on the effects of specific
vegetables already identified to be containing known
amounts of melatonin.

Materials and methods
Study participants

Study subjects were recruited through a city public health
center in Gifu prefecture, Japan. Female volunteers who
had no hypertension, who did not use medications for a
sleep disorders, depression, or mental disorders, who were
not pregnant, and who were not currently engaged in night-
shift work were invited to participate in this study. Ninety-
eight healthy women aged 24-55 who agreed to participate
and completed the informed consent form were registered.
The subjects were stratified into three age groups: 24-35 vyr,
3645 yr, and 46 yr and older. They were randomly
assigned to either the intervention group or the control
group. Forty-nine subjects were assigned to the intervention
group, in which the subjects were provided with and
requested to consume selected vegetables, and 49 subjects
were assigned to the control group, in which the subjects
were requested to avoid these vegetables. Before the
intervention started, one subject withdrew from the inter-
vention group. During the intervention period, two subjects
in the intervention growp and one subject in the control
group dropped out of the study. Overall, 46 subjects in the
intervention group and 48 subjects in the control group
completed the study.

Data collection and intervention

Before entering the intervention period, all the subjects
were asked to fill out a self-administered questionnaire to
provide general information about their demographic
characteristics and other information such as parity status,
past disease history, medication use within the previous
6 months, and sleeping habits. Physical activity levels were
measured before and at the end of the intervention period
by using a validated questionnaire, and these data were
translated into metabolic equivalents per week [27, 28]. A
validated food frequency questionnaire was administered to
estimate the nutrient intake in the regular diet [29]. All
subjects were required to fill out a 3-day dietary record,
which was performed and included detailed instructions,
before and at the end of the intervention period. In the
record, the subjects were asked to provide the names and
quantities of all the foods, beverages, and snacks which
they consumed. Other than following the requirements of
the study, the subjects were advised to maintain their
regular diet and lifestyle.

The intervention period was from October 4, 2005
through December 7, 2005, a period of 65 days. For
intervention agents, we selected the following six vegeta-
bles which, according to Hattori et al. [17], are relatively
high in melatonin of the vegetables whose melatonin
concentrations are available, and are commonly con-
sumed in Japan: sweet corn, goya (bitter gourd), kaiware
(Japanese radish sprout), shungiku (garland chrysanthe-
mum), shimeji mushroom, and shiitake mushroom. The
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subjects who were assigned to the intervention group
were provided these vegetables in 10 weekly deliveries to
their residences throughout the intervention period. The
exact contents of each delivery were based on the
availability of the vegetables in the local market, but
each package contained a sufficient amount of all six
vegetables to provide a total of 350 g/day. The subjects in
the intervention group were given a target of consuming
350 g of the delivered vegetables per day throughout the
study period. Using a preformatted journal, the subjects
reported the contents of the deliveries and the amounts
consumed. In the same journal, the subjects recorded
their nightly bedtimes. On the other hand, the subjects
assigned to the control group were required to avoid the
above six vegetables during the intervention period.
When consumption of one of the six vegetables was
inevitable, they were to record the consumed amount.
They also recorded their nightly bedtimes. The subjects in
both groups were required to avoid the following food
items and products as they have been reported to contain
large amounts of melatonin [17): barley, awa (foxtail
millet), hie (Japanese barnyard millet), brown rice,
gokokumai (rice with five kinds of grains), banana, aojiru
(green juice), and kale.

First-void morning urine was collected from all the
subjects on 2 consecutive days starting 2 days before the
intervention started and the last 2 consecutive days of the
intervention period. The subjects were requested to go to
bed around midnight or earlier on the nights before urine
collection. The times that the urine was collected were
recorded by the subjects. The urine samples were immedi-
ately frozen and stored at -~80°C until being assayed.
Urinary 6-sulfatoxymelatonin was measured radioimmu-
nologically with kits purchased from IBL Laboratories
(Hamburg, Germany). The sensitivity was 1.0 ng/mL, and
the interassay coefficient of variation was 11.3%. To adjust
for a variation in the dilution of urine, 6-sulfatoxymela-
tonin concentrations were expressed as wurine 6-sulfat-
oxymelatonin/urine creatinine [26, 30].

Data analysis

For the analysis of 6-sulfatoxymelatonin concentrations, we
used the mean of the concentrations during each 2-day
period. The 6-sulfatoxymelatonin concentrations and nutri-
ent intake were logarithmically transformed for statistical
analysis to approximately normalize their distributions.
Geometric means and 95% confidence interval (CI) of
6-sulfatoxymelatonin concentrations were calculated. To
compare the difference in the concentrations of urinary
6-sulfatoxymelatonin before and at the end of the inter-
vention, a paired -test was conducted separately for each
group. To compare the two groups in terms of the change in
the 6-sulfatoxymelatonin concentrations across the inter-
vention period, a two sample r-test was conducted. All
P-values are two sided.

To assess the difference in the consumption of the six
vegetables as well as other food items and nutrients across
the intervention period, the information from the 3-day
dietary record was analyzed. One dietitian interpreted all
the records and estimated the intake of each nutrient, and



then the other dietitian confirmed the estimations. Based on
the 3-day record, the intake of melatonin from the six
vegetables was estimated by multiplying the consumed
amounts in grams by the following melatonin concentra-
tions in the vegetables: 1366 pg/g tissue for sweet corn,
13,353 pg/g tissue for bitter gourd, 657 pg/g tissue for
Japanese radish sprout, 417 pg/g for garland chrysanthe-
mum, 300 pg/g for shimeji mushroom and 387 pg/g for
shiitake mushroom (partially reported by Hattori et al.)
[17]. The intake of nutrients other than melatonin was
calculated according to the Standard Tables of Food
Composition in Japan, 5th edition, published by the Science
and Technology Agency of Japan. The total amounts, in
gram units, of the six vegetables consumed by the subjects
throughout the study period were estimated from the
journal entries. The melatonin intake was then estimated
using the method described above. This study was
approved by the institutional review board at Gifu
University Graduate School of Medicine. All the statistical
analyses were performed with SAS (SAS Imstitute Inc.,
Gary, NC, USA).

Results

The baseline characteristics of the subjects by study
group are summarized in Table 1. The change in the
daily mean intake of the six vegetables before and at the
end of the intervention period was obtained by using
the data from the 3-day food records (Table 2). It was
estimated that the subjects in both groups consumed
similar amounts of the six vegetables before the inter-
vention period. During the intervention period, the daily
mean intake of the six vegetables in grams was almost
150 times higher among the subjects in the intervention
group than among those in the control group. In line
with the intake of the six vegetables, the estimated intake
of melatonin sourcing from these vegetables increased in
the intervention group and decreased in the control
group. Similarly, it was estimated from the journals kept

Vegetable consumption and urinary melatonin concentration

by the subject during the intervention period that the
daily mean intake of melatonin from the six vegetables
for the entire period was 1231 ng among the subjects in
the intervention group whereas the equivalent value was
1.2 ng among the subjects in the control group. Among
the subjects in the intervention group, sweet corn was the
most consumed agent in grams [mean consumption for
the entire period: 5263 g, standard error of mean (SEM):
204 g], and the bitter gourd was the second-most
consumed agent (mean consumption for the entire period:
5104 g, SEM: 266 g). The total mean amount of sweet
corn consumed by the control subjects during the
intervention period was 10 g (SEM: 2 g), and that of
bitter gourd was 3 g (SEM: 2 g). The estimated intake of
other nutrients is also presented in Table 2. Among the
subjects in the intervention group, the intake of crude
fiber, vitamin A, vitamin C, and vitamin E increased
significantly at the end of the intervention period.
Between the groups, the difference in change for each
of the above nutrients across the intervention period was
significant. In both groups, caffeine intake increased
significantly at the end of the intervention period.

The primary measures of this study, the concentrations
of 6-sulfatoxymelatonin in first-void morning urine before
and at the end of the intervention period, are shown in
Table 3. At the bascline, the concentrations of urinary
6-sulfatoxymelatonin were higher among the subjects in the
control group (55.5, 95% CI: 48.7, 63.2 ng/mg creatinine)
than among the subjects in the intervention group (48.1,
95% CI: 40.4, 57.2 ng/mg creatinine), although the differ-
ence was not statistically significant. At the end of the
intervention period, the mean concentration of 6-sulfat-
oxymelatonin significantly decreased by 8.5% (P = 0.03)
in the control group, whereas the concentration increased
slightly and non-significantly by 3.1% in the intervention
group. A comparison of the net change in baseline-end
values of 6-sulfatoxymelatonin between the two groups
showed a significant difference across the intervention
period (P = 0.03).

Melatonin-contained

vegetables

supplemented

Table 1. Baseline characteristics of wo-
men in the melatonin intervention and

Control control groups

group

group (n = 46) (n = 48)

Age, years {[mean % standard error of mean (SEM)] 386 £ 0.9 403 + 1.0
Height, cm (mean + SEM) 1575 £ 1.0 156.2 = 0.6
Weight, kg (mean + SEM) 51.7 £ 0.9 504 + 0.9
Body mass index, kg/m” (mean + SEM) 209 + 04 20.7 £ 0.3
Married, no. (%) 41 (89.1) 44 (51.7)
Parous, no. (%) 36 (78.3) 45 (93.8)
Smoking status

Current smoker, no. (%) : 0 (0.0) 2(4.2)

Past smoker, no. (%) 3(6.5) 5(10.9)
Ever used aspirin within 6 months, no. (%) 4 (8.7) 2(4.2)
Reported 0 alcohol use in regular diet, no. (%) 9 (19.6) 20 (41.7)
Average bedtime (mean £ SEM)

Weekday 23:19 + 0:07 23:16 + 0:08

Weekend 23:32 + 0:08 23:36 + 0:09
Average wake time (mean + SEM)

Weekday 6:06 + 0:04 5:50 = 0:05

Weekend 7:08 + 0:09 6:54 + 0:08
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