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Microalbuminuria, Cardiovascular Autonomic Dysfunction, and Insulin
Resistance in Patients With Type 2 Diabetes Mellitus

Naohiko Takahashi, Futoshi Anan, Mikiko Nakagawa, Kunio Yufu, Tatsuhiko Ooie, Tomoko Nawata,
Sakuji Shigematsu, Masahide Hara, Tetsunori Saikawa, and Hironobu Yoshimatsu

rinary albumin excretion/microalbuminuria and cardiovascular autonomic dysfunction are associated with high mortality in

ype 2 diabetic patients. We tested the hypothesis that the presence of microalbuminuria would correlate with cardiovascular

utonomic dysfunction and insulin resistance in type 2 diabetic patients. The study group consisted of 15 Japanese patients

ith type 2 diabetes and microalbuminuria (age: 56 � 10 years, mean � SD). The control group consisted of 19 age-matched

atients with normalbuminuria (56 � 7 years). Cardiovascular autonomic function was assessed by baroreflex sensitivity

BRS), heart rate variability, plasma norepinephrine concentration, and cardiac 123I-metaiodobenzylguanidine (MIBG) scintig-

aphy. BRS was lower in the microalbuminuria group than in the normalbuminuria group (P < .05). Early and delayed
23I-MIBG myocardial uptake values were lower (P < .05 and P < .005, respectively) and the percent washout rate of 123I-MIBG

as higher (P < .0005) in the microalbuminuria group than in the normalbuminuria group. Fasting plasma glucose (P < .05)

nd insulin concentrations (P < .05), and the homeostasis model assessment (HOMA) index (P < .01) were higher in the

icroalbuminuria group than in the normalbuminuria group. Multiple regression analysis showed that urinary albumin

xcretion was independently predicted by the myocardial uptake of 123I-MIBG at delayed phase, fasting plasma insulin

oncentration, and the HOMA index. Our results indicate that the presence of microalbuminuria in our Japanese patients with

ype 2 diabetes is characterized by depressed cardiovascular autonomic function and insulin resistance, and that the

yocardial uptake of 123I-MIBG at delayed phase, fasting plasma insulin, and HOMA index are independent predictors of

rinary albumin excretion.
2004 Elsevier Inc. All rights reserved.
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HE CARDIOVASCULAR mortality rate is high in insu-
lin-dependent type 1 diabetic patients, and is further

ncreased in association with the presence of proteinuria.1,2

imilarly, urinary albumin excretion is a predictor of mortality
rom cardiovascular disease in type 2 diabetic patients.2,3 Car-
iovascular autonomic neuropathy is strongly related to cardio-
ascular mortality in diabetics,4 and to increased urinary albu-
in excretion in type 15,6 and type 2 diabetic patients.7 While

he pathophysiology of the association of urinary albumin
xcretion with cardiovascular autonomic dysfunction remains
o be elucidated, age, sex, hypertension, dyslipidemia, poor
lycemic control, and endothelial dysfunction may be in-
olved.8,9 We have recently reported that insulin resistance
ay play a role in the depressed cardiovascular reflex vagal and

ympathetic function in type 2 diabetes patients associated with
ssential hypertension.10

Accordingly, we hypothesized that the presence of mi-
roalbuminuria correlates with cardiovascular autonomic dys-
unction and insulin resistance in type 2 diabetic patients. In the
resent study, we compared baroreflex sensitivity (BRS), heart
ate variability, plasma norepinephrine concentration, and car-
iac 123I-metaiodobenzylguanidine (MIBG) scintigraphic find-
ngs in addition to the metabolic profiles in Japanese type 2
iabetic patients with and without microalbuminuria, followed
y evaluating the predictors of urinary albumin excretion in
hese patients.

MATERIALS AND METHODS

Ninety-two consecutive Japanese patients with type 2 diabetes mel-
itus who were admitted to our department in 2001 were screened.
mong them, 64 patients who did not have organic heart disease as
etermined by physical examination, chest x-ray, 12-lead electrocardi-
graphy (ECG), echocardiography, treadmill exercise ECG, and thal-
ium 201 cardiac scintigraphy were enrolled. Albuminuria was mea-
ured in two 24-hour urine samples. Patients with macroalbuminuria

�300 mg/d) or abnormal plasma creatine concentrations (�1.2 mg/

etabolism, Vol 53, No 10 (October), 2004: pp 1359-1364
L) were excluded from the study. Patients treated with insulin were
lso excluded. All female patients were not pregnant and were not
reated with postmenopausal hormonal replacement or contraceptives.
ifteen (23%) patients had microalbuminuria (30 to 300 mg/d, mi-
roalbuminuria group). We also recruited 19 age-matched patients
ithout microalbuminuria (�30 mg/d, normalbuminuria group), who
ere selected from the original 64 patients enrolled. The clinical

haracteristics of patients of both groups are summarized in Table 1.
ll patients underwent clinical examination to exclude the presence of

econdary hypertension. Essential hypertension was defined as dia-
tolic blood pressure � 90 mm Hg, systolic blood pressure � 140 mm
g, or self-reported use of antihypertensive medication.11 Twelve of 19
ormalbuminuria patients and 10 of 15 microalbuminuria patients met
his criterion and all of these patients were being treated with calcium
hannel antagonists, angiotensin-converting enzyme (ACE) inhibitors,
nd/or angiotensin II receptor blockers. No patients were treated with
iuretics or beta- or alpha-blockers. The study was approved by the
thics review board of our institution and prior informed consent was
btained from all patients.

chocardiography

M-mode 2-dimensional echocardiography and cardiac Doppler re-
ordings were obtained using a phase-array echo-Doppler system.
chocardiograms were obtained in a standard manner using standard
arasternal, short axis, and apical views. The left ventricular mass was
alculated according to Devereux et al12: left ventricular mass � (1.04
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1360 TAKAHASHI ET AL
{LVIDd � IVSTd � PWTd}3 � LVIDd3] �14 g), where LVIDd �
eft ventricular internal dimension at end-diastole; IVSTd � intraven-
ricular septal thickness at end-diastole; and PWTd � posterior wall
hickness at end-diastole. The left ventricular mass was divided by
ody surface area to calculate the left ventricular mass index. Pulsed
oppler recordings were made from standard apical 4-chamber view.
itral inflow velocity was recorded with the sample volume at the
itral annulus level taking the average of �3 cardiac cycles. The peak

elocity of early (E) and late ventricular filling (A) was determined and
he ratio (E/A) and deceleration time were recorded.

ardiovascular Autonomic Function Tests

All subjects were studied while in supine position in a quiet room
ith dimmed lights between 9 and 11 AM.10,13 A catheter was inserted

n the right cubital vein, and arterial blood pressure was recorded
oninvasively by tonometry (Jentow-7700; Nihon Colin, Komaki, Ja-
an). The tonometric sensor was attached over the left radial artery.
he accuracy of continuous blood pressure monitoring has been dem-
nstrated previously.14 Arterial blood pressure and a standard 12-lead
CG were monitored simultaneously; data were stored in a PCM data

Table 1. Clinical Characteristics of Studied Patients

NA Group
(n � 19)

MA Group
(n � 15) P Value

Age (yr) 56 � 7 56 � 10 NS
Gender (male/female) 10/9 9/6 NS
Albuminuria (mg/24 h) 10 � 6 104 � 61 �.0001
Duration of diabetes (yr) 8.5 � 8.4 10.6 � 5.9 NS
Hypertension (%) 63 67 NS
Smoking history (%) 42 40 NS
Drugs administered (%)

SU 53 47 NS
Alpha glucosidase inhibitors 42 40 NS
Pioglitazone 5 7 NS
Calcium channel

antagonists 32 53 NS
ACE inhibitors 47 40 NS
ARB 16 13 NS

BMI (kg/m2) 24.9 � 5.1 25.7 � 4.4 NS
HR (beats/min) 67 � 8 70 � 6 NS
SBP (mm Hg) 127 � 27 132 � 18 NS
DBP (mm Hg) 76 � 15 82 � 16 NS
FPG (mg/dL) 142 � 35 176 � 38 �.05
F-IRI (�U/mL) 4.8 � 2.4 7.3 � 3.0 �.05
HOMA index 1.7 � 0.9 3.1 � 1.3 �.01
HbA1c (%) 8.0 � 1.4 8.7 � 1.8 NS
T-chol (mg/dL) 188 � 36 208 � 43 NS
TGL (mg/dL) 115 � 47 149 � 70 NS
HDL-c (mg/dL) 46 � 8 50 � 11 NS
UA (mg/dL) 5.3 � 1.6 5.6 � 1.6 NS
Cr (mg/dL) 0.7 � 0.2 0.8 � 0.3 NS
Ccr (mL/min) 111 � 27 99 � 25 NS

NOTE. Data are means � SD.
Abbreviations: NA, normalbuminuria; MA, microalbuminuria; SU,

ulfonylurea; ACE, angiotensin-converting enzyme; ARB, angiotensin
eceptor blocker; BMI, body mass index; HR, heart rate; SBP, systolic
lood pressure; DBP, diastolic blood pressure; FPG, fasting plasma
lucose; F-IRI, fasting immunoreactive insulin; HOMA, homeostasis
odel assessment; HbA1c, hemoglobin A1c; T-chol, total cholesterol;

GL, triglyceride; HDL-c, high-density lipoprotein cholesterol; UA,
ric acid; Cr, creatinine; Ccr, creatinine clearance; NS, not significant.
ecorder (RD-200T; TEAC, Tokyo, Japan). Three-lead precordial t
olter ECG recordings (model-459; Del Mar Avionics, Irvine, CA)
ere also obtained throughout the procedure for analysis of heart rate
ariability.
After an interval of 30 minutes to permit stabilization of the cardio-

ascular baroreflex mechanism, the patient was asked to breathe at a
ate of 15 breaths/min using a metronome, to maximize regularity
etween respiration and cardiovascular function. Blood samples were
btained from the venous catheter to measure plasma norepinephrine
oncentration. BRS was assessed by the phenylephrine method as
escribed previously.10,13 Phenylephrine (2 to 3 �g/kg) was injected
ver 15 seconds to obtain a 15- to 40-mm Hg systolic blood pressure
ncrease. BRS was calculated as the slope of the linear regression line
elating systolic blood pressure changes to RR interval changes. Re-
ression lines with more than 20 data points and a correlation coeffi-
ient (r) greater than 0.8 were accepted for analysis. The mean of the
slope values was taken as the BRS value.13

Heart rate variability was analyzed using a 300-second interval on
olter ECG recordings (MARS 8000; Marquette Electronics, Milwau-
ee, WI) immediately before phenylephrine injection. The power spec-
rum of the RR interval was computed by a fast Fourier transform and
xpressed as the area under the power spectrum.15 We calculated the
ower of 2 spectral bands, the low frequency component (LF) at 0.04
o 0.15 Hz and the high frequency component (HF) at 0.15 to 0.40 Hz.
ased on their skewed distribution, the measured values of heart rate
ariability were transformed to natural logarithmic values. The ratio of
F to HF (LF/HF) also was computed.
Planar and single-photon emission computed tomography studies

ere performed both at 15 minutes (early) and 4 hours (delayed) after
he injection of 111 MBq of 123I-MIBG using a rotating gamma camera
ZLC 7500; Siemens, Munich, Germany). Data were analyzed with
nalysis software (SCINTIPAC; Shimadzu, Kyoto, Japan). The anterior
lanar images from early and delayed 123I-MIBG studies were analyzed
isually. For semiquantitative analysis, regions of interest were drawn
ver the whole heart and a 10 � 10 mm area over the upper medias-
inum on the early and delayed planar images was used to calculate the
ean heart-to-mediastinum (H/M) ratio. After correcting for the phys-

cal decay of 123I, the percent washout rate (WR) of the tracer from the
yocardium was determined over a 4-hour period. Insulin resistance
as evaluated by the homeostasis model assessment (HOMA) index �

[fasting plasma insulin {�U/mL} � fasting plasma glucose {mmol/
}]/22.5).16

tatistical Analysis

Data are presented as means �SD. Differences between 2 groups
ere analyzed by unpaired Student’s t test, chi-square test, or Fisher’s

xact probability test. A value of P � .05 was considered statistically
ignificant. Simple (Spearman’s rank) correlation coefficients between
rinary albumin secretion and various variables were calculated, and a
tepwise multiple regression analysis was then used to evaluate the
ndependent association of these variables with urinary albumin secre-
ion. In our multivariate analysis, F values � 4 were considered
ignificant.

RESULTS

As shown in Table 1, the mean age was similar between the
icroalbuminuria and normalbuminuria groups and there were

o significant differences with respect to gender, duration of
iabetes, body mass index, smoking history, and administered
edications. Fasting plasma glucose and insulin concentrations
ere significantly higher (P � .05 for each) in the microalbu-
inuria group, resulting in a higher HOMA index (P � .01).
here was no significant difference in hemoglobin A1c between
he 2 groups. The hemodynamic data listed in Table 1 were
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1361MICROALBUMINURIA IN TYPE 2 DIABETICS
btained immediately before BRS assessment. The resting
eart rate, systolic and diastolic blood pressures, plasma total
holesterol, triglyceride, and high-density lipoprotein (HDL)-

Table 2. Echocardiographic Findings

NA Group
(n � 19)

MA Group
(n � 15) P Value

EF (%) 72 � 5 69 � 6 NS
LVIDd (mm) 48 � 5 50 � 5 NS
LVIDs (mm) 30 � 2 32 � 3 NS
IVSTd (mm) 9.0 � 1.1 9.1 � 1.4 NS
PWTd (mm) 9.2 � 1.1 9.3 � 1.6 NS
LVMI (g/m2) 112 � 23 118 � 24 NS
E-peak velocity (cm/s) 64 � 17 56 � 11 NS
A-peak velocity (cm/s) 63 � 18 75 � 16 �.05
E/A ratio 1.07 � 0.29 0.78 � 0.25 �.01
Deceleration time (ms) 227 � 60 248 � 50 NS

NOTE. Data are means � SD.
Abbreviations: EF, ejection fraction; LVIDd, left ventricular internal

imension at end-diastole; LVIDs, left ventricular internal dimension
t end-systole; IVSTd, interventricular septal thickness at end-dias-
ole; PWTd, posterior wall thickness at end-diastole; LVMI, left ven-
ricular mass index; NS, not significant.

Fig 1. Comparison of autonomic function tests between type 2 d

MA). (A) Baroreflex sensitivity (BRS). (B) Plasma norepinephrine (NE

omponent (HF, 0.15 to 0.40 Hz, a) and the ratio of the low frequenc

RV values were skewed and were thus transformed to natural log

raphic findings. Myocardial uptake of 123I-MIBG at early (a) and dela
eart-to-mediastinum (H/M) ratio. (c) Percent washout rate (WR) of I-M
holesterol, uric acid, creatinine, and creatinine clearance were
ot significantly different between the 2 groups.

Table 2 presents a summary of echocardiographic findings.
he left ventricular dimensions at end-diastole and end-systole,

ntraventricular septal and posterior wall thickness at end-
iastole, ejection fraction, and left ventricular mass index were
ssentially similar in the 2 groups. With regard to the left
entricular diastolic function, the peak velocity of late ventric-
lar filling (A) was higher and the E/A ratio was lower in the
icroalbuminuria group compared with the normalbuminuria

roup (P � .05 and P � .01, respectively). However, there was
o significant difference in the deceleration time.
Figure 1 summarizes the results of the cardiovascular auto-

omic function tests. BRS was lower in the microalbuminuria
roup than in the normalbuminuria group (8.2 �5.0 v 12.7
5.3 ms/mm Hg, P � .05, Fig 1A). Plasma norepinephrine

oncentrations were similar in both groups (216 � 121 v 229 �
6 pg/ml, P � not significant [NS], Fig 1B). Analysis of heart
ate variability revealed that the HF power and the LF/HF ratio
ere not significantly different between the 2 groups (3.7 � 1.3
4.0 � 1.1 ln-ms2, P � NS, 1.4 � 1.2 v 1.2 � 1.1, P � NS,

espectively, Fig 1C). Cardiac 123I-MIBG scintigraphy dis-
losed that the H/M ratios at early and delayed phases were

ic patients with normalbuminuria (NA) and with microalbuminuria

centration. (C) Heart rate variability (HRV). Power of high frequency

er (LF, 0.04 to 0.15 Hz) to HF power (LF/HF, b). The distributions of

ic values. (D) Cardiac 123I-metaiodobenzylguanidine (MIBG) scinti-

b) phases. Myocardial uptake of 123I-MIBG is expressed as the mean
iabet

) con

y pow

arithm

yed (
123
 IBG. Data are means � SD. ns � not significant.
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1362 TAKAHASHI ET AL
ower in the microalbuminuria group than in the normalbumin-
ria group (2.04 � 0.32 v 2.29 �0.31, P � .05 and 1.94 � 0.35
2.33 � 0.31, P � .005, respectively, Fig 1D). The percent
R of 123I-MIBG was higher in the microalbuminuria group

han in the normoalbuminuria group (41.7% � 11.5% v 28.1%
8.3%, P � .0005, Fig 1D).
Table 3 illustrates the correlation between urinary albumin

xcretion and age, body mass index, and various other variables
n all patients of both the microalbuminuria and the normoalbu-
inuria groups. Urinary albumin excretion correlated posi-

ively with fasting plasma glucose, fasting plasma insulin,
OMA index, and percent WR, and negatively with H/M ratio

t delayed phase and BRS. Multiple regression analysis was
erformed using the stepwise procedure. Urinary albumin ex-
retion was independently predicted by H/M ratio at delayed
hase, fasting plasma insulin, and HOMA index (Table 4).

Table 3. Correlation of Urinary Albumin Excretion

to Measures of Variables

Univariate

r P Value

Age 0.027 .879
Duration of diabetes 0.080 .6521
BMI 0.291 .0954
HR 0.188 .2876
SBP 0.054 .7627
DBP 0.109 .5384
FPG 0.420 .0133
F-IRI 0.379 .0272
HOMA index 0.540 .0010
HbA1c 0.261 .1354
T-chol 0.187 .2898
TGL 0.045 .8020
HDL-c 0.216 .2208
UA 0.089 .6184
Cr 0.070 .6960
Ccr �0.257 .1415
EF 0.273 .1236
LVMI 0.010 .9641
E/A �0.318 .0672
BRS �0.378 .0277
Plasma NE �0.149 .3997
HF power �0.028 .8769
LF/HF 0.159 .3693
H/M ratio at early phase �0.432 .0107
H/M ratio at delayed phase �0.542 .0009
WR 0.443 .0087

Abbreviations: BRS, baroreflex sensitivity; NE, norepinephrine; HF,
igh frequency; LH, low frequency; H/M, heart-to-mediastinum ratio;
R, washout rate. See Tables 1 and 2 for other abbreviations.

Table 4. Stepwise Regression Analysis Between

Independent Variables
Regression
Coefficient

To urinary albumin excretion intercept 178.303
H/M ratio at delayed phase �71.423
F-IRI �12.378
HOMA index 43.671
Abbreviations: F-IRI, fasting immunoreactive insulin; HOMA, homeostas
DISCUSSION

In the present study, diabetic patients with microalbuminuria
anifested lower BRS, and lower myocardial uptake and en-

anced clearance of 123I-MIBG. Among the metabolic param-
ters, the fasting plasma concentrations of glucose and insulin
nd the HOMA index were higher in patients with microalbu-
inuria than in those with normalbuminuria. Furthermore,
ultiple regression analysis revealed that urinary albumin ex-

retion was independently predicted by H/M ratio at delayed
hase, fasting plasma insulin, and HOMA index in our Japa-
ese patients with type 2 diabetes.
Microalbuminuria is considered as a marker of generalized

ndothelial damage, which leads to nephropathy in patients
ith diabetes.17 Hyperglycemia, common in type 2 diabetes,

mpairs endothelial function due to impaired generation of
itric oxide (NO) and increased formation of reactive oxygen
pecies.18,19 However, conflicting results have been reported
egarding the effects of hyperinsulinemia on endothelial func-
ion. Stout19 reported that the effect of insulin, acting like a
rowth factor, is detrimental on the vasculature. However,
thers20-22 have shown its beneficial actions on the vasculature
y demonstrating that insulin increased endothelial constitutive
O synthase (ecNOS) gene expression and its activity, result-

ng in enhanced NO bioavailability. Because atherosclerosis
ffects conduit arteries, the effect of insulin on large arteries
as attracted attention to understand the pathogenic link be-
ween the insulin resistance syndrome and endothelial function.
ecently, Arcaro et al23 reported that endothelium-dependent
asodilation in large conduit arteries such as brachial and
ommon femoral arteries was abolished by insulin infusion
sing a euglycemic insulin clamp techniques. They speculated
hat insulin could lead to endothelial dysfunction by increasing
he availability of endothelin-1, resulting in downstream effects
n NAD(P)H oxidase and superoxide anion production. To-
ether with our finding that the fasting plasma insulin concen-
ration and HOMA index were independent predictors of uri-
ary albumin excretion, we suggest that insulin resistance is an
mportant underlying factor of microalbuminuria possibly via
ndothelial dysfunction.

In the present study, patients of the microalbuminuria group
ad depressed BRS compared to the normalbuminuria group,
ndicating a decrease in cardiovascular vagal reflex activity.
his finding is in agreement with those of others.24,25 The

23I-MIBG is an analog of guanidine that shares the same
euronal transport and storage mechanisms with norepineph-
ine. In the heart, it is considered that reduced uptake of
23I-MIBG (H/M ratio) reflects reduced norepinephrine content
t presynaptic sits or reduced neural density while an enhanced

ary Albumin Excretion and Various Parameters

Standard Error
Standard Regression

Coefficient F Value

22.183 �0.435 10.367
6.048 �0.574 4.138

13.482 0.913 10.493
Urin
is model assessment.
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1363MICROALBUMINURIA IN TYPE 2 DIABETICS
ashout rate of 123I-MIBG reflects enhanced release of norepi-
ephrine from presynaptic sites.26 In our study, the myocardial
ptake of 123I-MIBG was lower and its clearance was higher in
he microalbuminuria group than the normalbuminuria group.
urthermore, it is noteworthy that multiple regression analysis
evealed the H/M ratio at delayed phase as an independent
redictor of urinary albumin excretion. To our knowledge,
here are no reports demonstrating the association of urinary
lbumin excretion/microalbuminuria with cardiac 123I-MIBG
cintigraphic findings. Although the precise mechanism for this
ssociation remains to be investigated, it has been reported that
oor glycemic control worsens and strict glycemic control
mproves both urinary albumin excretion and cardiac 123I-

IBG scintigraphic findings.27 On the other hand, in patients
ith essential hypertension, hyperinsulinemia correlated with
igher clearance of 123I-MIBG.28 Similarly, we demonstrated
reviously that type 2 diabetic patients with essential hyperten-
ion showed insulin resistance, low myocardial uptake of 123I-

IBG and high 123I-MIBG clearance.10 The clinical usefulness
f cardiac 123I-MIBG scintigraphy to predict urinary albumin
xcretion/microalbuminuria in diabetic patients should be fur-
her investigated.

Compared with the normalbuminuria group, patients with
icroalbuminuria manifested depressed cardiac diastolic dys-

unction although no significant difference was noted with
espect to the left ventricular mass index. Diastolic dysfunction
s associated with depressed cardiovascular autonomic dys-
unction and insulin resistance.10 Interestingly, Liu et al29 re-
ently reported that albuminuria was independently associated
ith left ventricular systolic and diastolic dysfunction in pa-

ients with type 2 diabetes.
The present study has some limitations. First, 67% and 63%

f our patients with microalbuminuria and normalbuminuria,
espectively, had been diagnosed earlier with associated essen-
ial hypertension. All these patients were being treated with one
r more antihypertensive drugs, including ACE inhibitors, an-
iotensin II receptor blockers and calcium channel antagonists,
rior to enrolment. In this regard, all 3 of these drug classes

30,31
ave been reported to improve insulin resistance, cardio- i
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