Changes in WC, BMI, and Lipid Data

on the extent to which modifications of lifestyle and
dietary habits affect the observed changes in general/
abdominal obesity'®. Third, we excluded subjects who
were taking lipid-lowering drugs at either visit, and
these individuals may, in general, have higher motiva-
tion to obtain information on how to improve serum
lipid levels effectively as compared with those not tak-
ing such drugs. Finally, a longer follow-up should be
performed in future studies.

In summary, during a one-year period, percent
changes in BMI (%dBMI) were associated positively
with percent changes in LDL-C and TG and nega-
tively with those in HDL-C, especially in both gen-
ders. Although percent changes in WC (%dWC) also
tended to confer adverse changes in lipid parameters,
this relationship did not remain significant after con-
trolling for %dBMI.
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Abstract

Aimsand Methods: By analyzing data from 2,861 individuals
who. underwent general health screening 2 years running,
we have investigated the impact of changes in waist circum-
ference (WC)and body mass index (BMl)overa 1-year period
on systolic blood pressure (BPs).-We termed WC, BMI, and
BPs at the first visit as WCT, BMIT, and BPs1, respectively, and
those at the second visit as WC2; BMI2, and BPs2, respective-
ly: The %dWC, %dBMI, and %dBPs was defined as (WC2 —
WC1)/WCT: % 100, (BMI2 - BMI1)/BMIT X 100, and (BPs2 -
BPs1)/BPs1- % 100, respectively. Results: In multivariate re-
gression analysis using age, BPs1, WC1, and %dWC as in-
dependent variables, %dWC was a significant predictor for
%BPs only in men. %dBMI was a significant.predictor for
%BPs in: both genders when age, BPst, BMI1, and %dBMI
were-used as independent.variables. Compared with indi-
viduals:with. both %dWC <0 and %dBMI <0, age-adjusted
%dBPs was significantly greater in those with both %dWC
<0 and %dBMI =0; however, it did not significantly differ in
those with both %dWC =0and %dBMI <0. Conclusion: Our

data suggest that the impact of BMI change might be great-
er than WC change in terms of BPs change during this short
period. Copyright © 2009 S. Karger AG, Basel

Introduction

Much evidence supports a positive association be-
tween obesity parameters and hypertension [1-4], al-
though the strength of such an association may differ ac-
cording to the parameter used [5]. In addition, a loss or
gain in body weight may affect blood pressure levels [6,
7], even in relatively lean or non-obese individuals [8, 9].
Therefore, weight control may be an important target for
better blood pressure control, leading to a reduction in
mortality from heart and cerebrovascular disease [4].
Compared with weight, or body mass index (BMI), less
information seems to be available on whether, or to what
extent, aloss (or gain) in waist circumference (WC) would
result in a change in blood pressure. We previously re-
ported thata reduction or gain in obesity parameters may
affect the status of chronic kidney disease in individuals
who underwent general health screening [10]. To this
end, here we investigated the mode of association be-
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tween changes in WC or BMI over a 1-year period and
changes in blood pressure levels in Japanese individuals.
We analyzed the data separately for each gender, because
there may be gender differences in the strength of the as-
sociation between various obesity parameters and blood
pressure [11].

Subjects and Methods

Study Population

The study was approved by the Ethical Committees of Univer-
sity of Tokyo and Mitsui Memorial Hospital. Between October
2005 and October 2006, 3,312 (1,203 women, 2,109 men) indi-
viduals underwent general health screening (visit 1), and they vis-
ited our institute again in the following year (visit 2). Among these
3,312 individuals, 2,861 (1,114 women, 1,747 men) who reported
not taking antihypertensive drugs at both visits were enrolled in
the present study. After about 10 min of rest, systolic blood pres-
sure (BPs) and diastolic blood pressure (BPd) were measured in
the sitting position by automated sphygmomanometer, BP-
203RVIII (Omron Colin, Tokyo, Japan). Blood pressure was mea-
sured twice and the mean of these data were taken. With the sub-
ject standing, WC was measured at the umbilical level to the near-
est 1 cm by trained physicians and technicians [12]. After
changing into a robe from our institute, height and weight were
measured, and the weight of the robe was subtracted from the
value indicated by the scales. Age, WC, BMI, and BPs at visit 1
were designated agel, WC1, BMI1, and BPsl, respectively: Simi-
larly, WC, BMI, and BPs at visit 2 were designated WC2, BMI2,
and BPs2, respectively. %dWC, %dBMI, and %dBPs were defined
as (WC2 - WCI)/WCl x 100, (BMI2 - BMI1)/BMI1 X 100, and
(BPs2 - BPs1)/BPs1 X 100, respectively.

Laboratory Analysis

Blood samples were taken from the subjects after an overnight
fast. Serum. levels of total cholesterol (TC), HDL cholesterol
(HDL-C); and triglycerides (TG) were determined enzymatically.
Serum uric acid was measured by the uricase-peroxidase method,
hemoglobin Ajc was determined using the latex agglutination
immunoassay. Serum creatinine was measured by TBA-200FR
(Toshiba Medical Systems, Tochigi, Japan) using commercially
available kits, Accuras Auto CRE (Shino-test; Tokyo, Japan), ac-
cording to the manufacturer’s instructions. Accuracy control was
performed every day by constructing X-bar and R charts using
commercially ‘available standards. Estimated -glomerular- fil-
tration rate (eGFR) was calculated by the following equation:
¢GFR = 194 X (serum creatinine) 1%%* X (age) 2% (x.0.739 if
female) [13]. Serum insulin was measured by enzyme immunoas-
say. Homeostasis model assessment insulin resistance (HOMA-
IR) was calculated in these individuals according to the following
formula: HOMA-IR = [fasting immunoreactive insulin (nU/ml)
X fasting plasma glucose (mg/dl)]/405[14].

Statistical Analysis

Dataare expressed as the mean + SD unless stated otherwise.
Analyses of variance with trend analysis, Tukey’s post-hoc analy-
sis and multiple regression analysis were conducted as appropri-
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ate to assess the statistical significance of differences between
groups using computer software Dr. SPSS II (SPSS, Inc., Chicago,
111, USA). A value of p < 0.05 was taken to be statistically signifi-
cant.

Results

Baseline Characteristics

As described in the Methods section, among the 3,312

individuals who underwent general health screening vis-
ited our institute again in the following year; 2,861 (1,114
women, 1,747 men) who reported not taking antihyper-
tensive drugs at both visits were enrolled in the current
study (table 1). The mean * SD of the interval between
the two visits of the individuals enrolled was 355 * 52
days. The mean * SD age of the enrolled women (51.3 *
9.9 years) and men (52.5 * 10.1 years) was significantly
smaller than that of the women (60.7 * 8.3 years) and
men (59.0 £ 8.5 years), respectively (p < 0.001), who were
excluded because of the antihypertensive medication at
either or both visits. Similarly, the mean BMI values of
enrolled women (21.2 * 2.9) and men (23.5 * 2.7) were
significantly smaller than those of the excluded women
(22.5 * 3.2) and men (25.0 £ 2.8), respectively (p <
0.001).

WC1 ranged between 51.8 and 118.5 cm, and a WCl
=90 cm was found in 71/1,114 women (6.4%), annd a WCl1
=85cmwasfoundin 183/1,114 men (16.4%). BMI1 ranged

between 13.1and 39.4. ABMI1 =25wasfoundin 110/1,114
women (9.9%) and 453/1,747 men (25.9%), and BMI1 =30
was found only in 12/1,114 (1.1%) women and 33/1,747
(1.9%) men. The correlation coefficients between %dWC,
%dBMI, %dBPs, WC1, BMI1, and BPsl are described in
table 2. The correlation between %dWC and %dBMI was
found to be moderate in men (r = 0.476), whereas it was
weak in women (r = 0.241). The relationship between
%dBMI and %dBPs was found to be statistically signifi-
cantin the both genders. On the other hand, the relation-
ship between %dWC and %dBPs was statistically signifi-
cant only in men. Among the study subjects, it was re-
ported that 60 subjects experienced a WC change of -10
cm or less, and 94 subjects experienced a WC change of
+10 cm or more. After excluding these 154 individuals
from the study population, the results obtained were not
essentially changed (data not shown). It was calculated
that a 10% weight gain (loss) over a 1-year period was as-
sociated with a 3.88 mm Hg BPs gain (loss) in women and
a 9.86 mm Hg BPs gain (loss) in men.
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Table 1. Clinical characteristics and laboratory data at the first visit
Variables ~ Whole %dBPs ; -
- . first (range: second (range:  third (range:  fourth (range:
-3 2 70 2 #4646 45
Number 2,861 714 809 639 699
Women/men 1,114/1,747 288/426 314/495 251/388 261/438 0.712
Age, years 52.0%£10.1 52.8%10.1 51.4%£9.9 51.8+10.0 52.2%10.2 0.047
Height, cm 164.8 84 164.5+8.3 165.2+8.5 164.7 £8.5 164.7£8.6 0.379
Weight, kg 61.8+11.5 61.8+11.4 62.0*11.6 615113 61.8+t11.7 0.883
BML, kg/m? 22.6%3.0 22.7%3.0 22.6%3.1 22.5%3.0 22.6%*3.1 0.781
WC,cm 81.8%9.1 82.0+9.1 81.8%9.3 81.5+9.0 81.9%9.0 0.851
Systolic BP, mm Hg 120.9+18.0 128.7+18.3 121.8+17.0 118.5x16.7 1142+16.8 <0.001
Diastolic BP, mm Hg 764+114 79.3+11.3 76.8+x10:9 755+ 11.0 73.7x11.5 <0.001
LDL cholesterol, mg/dl 129.2%x31.1 131.4£31.5 1283295 127.1.£30.9 130.1£324 0.051
HDL cholesterol, mg/dl 61.2%£153 60.8£15.0 61.8%157 614%156 60.7£15.0 0.465
Triglyceride, mg/dl 109.9+714 115.7+£69.9 104.7 £ 61.8 109.8£81.0 110:1£734 0.030
Uric acid, mg/dl 54%13 54%1.3 55%1.3 54%14 55%t1.4 0.688
Fasting glucose, mg/di 95.2£20.0 96.8£20.4 95.1+21.1 942+%18.0 94.7+20.0 0.072
Hemoglobin A1C, % 53%£0.7 5307 53%07 53%£0.7 53x0.7 0.506
HOMA:-IR 1511 16x1.1 1.5%1.1 14%1.0 1.5£1.0 0.066
Blood urea nitrogen, mg/dl 14.0%34 13.8%+3.7 14.0£3.2 142+34 14.1%3.5 0.245
Serum creatinine, mg/dl 0.8+0.3 0.8%0.4 0.8+02 0.8%£0:2 0.8+0.2 0.764
Estimated glomerular filtration rate 686£11.8 683+t11.4 69.3+12.0 684+11.8 68.1£11.8 0.177
Antidiabetic medication, n (%) 51(1.8) 12 (1.7) 20:(2.5) 10 (L.6) 9(1.3) 0.335
Current smoker, n (%) 680:(23.8) 179 (25.0) 184 (22.7) 139:(21.8) 178.(25.5) 0.298

Data are means & SD, unless stated otherwise. BMI = Body mass index; WC = waist circumference; HOMA-IR = homeostasis
model assessment of insulin resistance. %dBPs was calculated by the following equation: (BPs at the second visit -~ BP1 at the second
visit)/(BP1 at the second visit). X 100 (%). p value is for trend.

Changes in WC and BMI'in Association Kidney Blood Press Res 2009;32:421-427

with BP. Change



Table 2. Pearson’s correlation coefficient of obesity indices and
blood pressure parameters

%dWC %dBMI %dBPs WCI

Table 3. Multiple regression analysis between %dBPs and agel,
WCI, BMI1, %dWC, and %dBMI

BMI1 BPsl B 95%CI Standard- p value
- ized B
Women
%dWC Women
r - Model 1
p value - BPs1 -0.23 -0.27t0-0.20 -0.38 <0.001
%dBMI Agel 0.11 0.05t00.18 0.10 0.001
T 0.241 - WwCC1 0.11 0.03t00.19 0.09 0.005
pvalue <0.001 - %dWC 0.01 -0.06 to 0.09 0.01 0.733
%dBPs Model 2
r -0.014 0.097 - BPs1 -0.24 -0.28t0 -0.21  -0.40 <0.001
p value 0.635 0.001 - BMI1 0.47 0.25t00.70 0.13 <0.001
WC1 Agel 0.13 0.07 t0 0.19 0.12 <0.001
r -0.317 -0.053 -0.028 - %dBMI 0.34 0.15t00.53 0.10 0.001
p value  <0.001 0.078 0350 - Model 3
BMI1 BPsi -0.24 -0.28 to -0.21  -0.40 <0.001
r -0.026 -0.087 -0.029 0.787 - BMI1 0.65 0.28t0 1.03 0.17 0.001
p value 0.393 0.004 0331 <0.001 - Agel 0.14 0.07 to 0.20 0.13 <0.001
BPsl %dBMI 0.39 0.19t0 0.60 0.11 <0.001
r -0.025 -0.055 -0.325 0365 0409 - WCl -0.08 -0.21 t0 0.05 -0.06 0.244
p value 0396 0.064 <0.001 <0.001 <0.001 - %dWC -0.08 -0.17 t0 0.01 -0.06 0.071
Men Men
%dWC Model 1
r - BPs1 =0.22 -0.25t0-0.19 -0.35 <0.001
pvalue. - WC1 0.15 0.08t0 0.22 0.11 <0.001
%dBMI %dWC 0.28 0.17t00.39 0.11 <0.001
r 0:476 . - Agel 0.02 ~0.03t0 0.07 0.02 0.467
pvalue <0001 - Model 2
%dBPs BPs1 -0.22 -0.25t0-0.19 -0.35 <0.001
r 0.116 0232 - %dBMI 0.80 0.64 to 0.96 0.22 <0.001
p value ' <0.001 <0.001 - BMI1 0.41 0.23 t0 0.59 0.10 <0.001
WCl1 Agel 0.05 0.00 to 0.10 0.05 0.035
r -0.268 -0.089 - -0.031 - Model 3 :
p value * '<0.001 <0.001 0.189 - BPst =0.22 -0.25t0-0.19 -0.35 <0.001
BMI1 %dBMI 0.82 0.63 to 1.00 0.22 <0.001
r -0.054:- -0.071---0.026  0.830 - - BMI1 0.38 0.04t00.72 0.10 0.027
p value 0.023.  0.003 . 0.2806 <0.001 = Agel 0.05 0.00t0 0.10 0.05 0.046
BPs1 WC1 0.01 -0.11t0 0.14 0.01 0.845
r =0.090  -0.077-0:327 ' 0.308 = 0322 - %dWC -0.03 -0.16t0 0.11 =0.01 0.705
p value '<0.001 * -~ 0.001+:<0.001 <0.001 ~<0.001 -

BPs = Systolic blood pressure;; WC = waist circumference;
BMI = body mass index: BPs at visit 1 and visit 2 were designated
BPst and BPs2, respectively. BM1 at visit 1 and visit 2 were desig-
nated BMI1 and BMI2, respectively, and WC at visit 1 and visit
2 were designated WCI and WC2; respectively. %dBMI; %dWC,
and %dBPs were calculated by the equation (BMI2 - BMID)/
BMI1 X100 (%), (WC2 - WCI1)/WC1 X 100 (%), and (BPs2 -
BPs1)/BPs1 X 100 (%), respectively.
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BPs = Systolic blood pressure; WC = waist circumference;
BMI = body mass index. Standardized B values are the estimates
resulting from an analysis performed on variables that were
standardized. BPs-at visit 1 and visit 2 were designated BPsl and
BPs2, respectively. BMI at visit T and visit 2 were designated BMI1
and BMI2; respectively, and WC at visit 1 and visit 2 were desig-
nated WC1 and WC2, respectively. %dBMI, %dWC; and %dBPs
were calculated by the equation of (BMI2 = BMI1)/BMI1 X 100
(%), (WC2 = WCI)/WC1 X 100 (%), and (BPs2 = BPs1)/BPsl X
100 (%), respectively.

Model 1 = Independent variables include age, BPs1, WCl, and
%dWC; model 2 = independent variables include age; BPs1, BMI1,
and %dBMI; model 3 = independent variables include model 1 +
BMII, and %dBMI.
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Multiple Linear Regression Analysis

In multiple regression analysis, in which agel, WCI,
BPsl, and %dWC were used as independent variables
(model 1), %dWC was found to be an independent pre-
dictive value for %dBPs in men, but not in women (ta-
ble 3). In a model where agel, BMII, BPsl, and %dBMI
were used as independent variables (model 2), %dBMI
was found to be an independent predictive value for
%dBPs in the both genders. After including all of the
agel, BPs1, WC1, BMI1, %dWC, and %dBMI in a model
as independent variables (model 3), %dBMI remained to
be a predictor for %dBPs in both genders. In model 3, the
variance inflation factor scores of all applied indepen-
dent variables were <10 (data not shown)

Comparison between Individuals with BMI Gain or

Loss together with WC Gain or Loss

We then compared the %BPS values between indi-
viduals with both WC loss (%dWC <0) and BMI loss
(%dBMI <0), those with both WC loss and BMI gain
(%dBMI =0), both WC gain and BMI loss, and those
with both WC gain and BMI gain during a 1-year period
(fig. 1). Age-adjusted %dBPs was significantly greater in
individuals with both WC loss and BMI gain compared
with those with both WC loss and BMI loss. On the oth-
er hand, age-adjusted %dBPs did not significantly differ
between individuals with both WCloss and BMIloss and
those with WC gain and BMI loss in both genders. When
the same analysis was performed after excluding 154 sub-
jects who experienced WC change of =10 cm or less or +10
cm or more, the results obtained were not essentially
changed (data not shown).

Discussion

By analyzing data from individuals who underwent
general health screening for 2 consecutive years, we
showed that a percent difference in BMI (%dBMI) was a
statistically significant predictor for a percent difference
in BPs (%dBPs) in both genders. A percent difference in
WC (%dWC) was also found to be a predictor for %dBPs
in men; however, it lost statistical significance after fur-
ther adjustment for BMI at the first visit and %dBMI, and
it was not significant in women before and after such fur-
ther adjustment.

A body of evidence indicates an association between
obesity parameters and blood pressure levels [15, 16]. A
reduction in body weight may result in a lowering of
blood pressure in overweight or obese subjects [17, 18],

Changes in WC and BMI in Association
with BP. Change

although the results may not be always uniform. Moore
et al. [19] showed that modest weight loss over a 4-year
period substantially lowered the long-term risk of hyper-
tension in overweight adults in Framingham. Haung et
al. [20] showed that weight loss occurring after 18 years
of age was related to a significantly lower risk, whereas
weight gain was related to greater risk of hypertension in
middle-aged women. In addition, Yang et al. [21] showed
that in men aged between 40 and 74 years, weight gain
occurring after 20 years of age was significantly associ-
ated with prehypertension. Most of the reports studying
the potential association between changes in obesity pa-
rameters and changes in blood pressure were carried over
a follow-up period longer than that in the current study.
Furthermore, Truesdale et al. [22] have more recently
shown that weight change over a 3-year period resulted
in change in blood pressure levels; men who had experi-
enced a 10% weight gain over the previous 3 years had
BPs that was 2.6 mm Hg higher. They found, however,
that the impact of weight change was, albeit present, less
prominent in women. Women who had experienced a
10% weight gain over the previous 3 years had BPs that
was only 0.9 mm Hg higher, suggesting the presence of
gender difference in the extent of association between
weight changeandblood pressure change. Wealso showed
here that the magnitude of the effect of changes in obe-
sity parameters on blood pressure changes may vary by
gender (table 3).

As compared to changes in weight, and thus in BMI,
fewer analyses have focused on the relationship between
changes in WC and blood pressure alterations. Consider-
ing that reductions in WC have been recommended more
strongly than before for the purpose of prophylaxis and/
or resolution of metabolic syndrome by the government
in our country [23], the impact of WC reduction (gain) in
terms of alterations of atherogenic risk factors, including
blood pressure and levels of glucose and lipids, is becom-
ing a more important issue to be investigated. Therefore,
we also assessed whether changes in WC were reflected
by the BPs change, and whether this relationship, if pres-
ent, was independent of BMI change. We found that WC
change was predictive of BPs change in men but not in
women. In addition, the association between %dWC and
%dBPs in men lost statistical significance after control-
ling for BMI1 and %dBMI (table 3). In contrast, %dBMI
was a predictor for %dBPs in both genders regardless of
the control of %dWC, suggesting that a reduction in BMI
may represent a more essential target than WC reduction
in terms of blood pressure control. This concept may be
further supported by our finding that mean %dBPs did
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not differ significantly between individuals with %dWC
<0 and those with %dWC =0 among individuals with
%dBMI <0. In reverse, %dBPs reduction was significant-
ly greater in individuals with %dBMI <0 than in those
with %dBMI =0 among individuals with %dWC <0
(fig. 1).

It has been reported that, in individuals with a mean
BMI of 31, change in BMI was significantly correlated
with change in BPs in both genders, even after adjusting
for change in waist-hip ratio [24]. In the same study, it was
reported that change in waist-hip ratio was not signifi-
cantly correlated with change in BPs after adjusting for
BMI change in men, and that the relationship between
change in waist-hip ratio and BPs change was not signif-
icant before any adjustment in women. The results of
Wing et al. [24] can be said to be similar to our current
observation although there is a difference between WC
and waist-hip ratio.

The current study has several limitations. First, we ret-
rospectively analyzed data on individuals who under-
went general health screening at our institute for 2 con-
secutive years; as a result, individuals who did not visit
our institute the second year for unknown reasons were
not enrolled in the current study, which may cause some
biases. Second, we could not specify the reasons for
weight gain or loss in individuals, however, very few in-
dividuals would have been taking antiobesity medica-
tions because only one individual in each gender had a
BMI of 35 kg/m? or more at the first visit. Third, this
study population included many non-obese subjects; a
BMI1 =30 was found only in 1.1% of women and 1.9% of
men. Fourth, we excluded those subjects who were taking
antihypertensive drugs at either visit. We found that BMI
was significantly greater in these excluded subjects than
in the study population for both genders. Lastly, although
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atherosclerosis in individuals who were shown not to have diabetes mellitus based on results of the
75-g oral glucose tolerance test (OGTT).

Methods and results: Between 1994 and 2003, 3904 individuals underwent general health screening that
included the OGTT, Among these 3904 individuals, 3679 had a fasting plasma glucose of <126 mg/dL (sub-
group 1), and 3488 had a 2-h post-OGTT glucose value of <200 mg/dL (subgroup 2). In both subgroups,
metabolic syndrome was found to be a risk factor for carotid plaque and for carotid intima-media thick-
ening in men, and tended to be a risk factor for carotid plaque in women after adjustment for age. Among
3473 individuals who had both a fasting plasma glucose value of <126 mg/dL and a 2-h post-OGTT glu-
cose of <200 mg/dL, 2440 did not have hypertension, which was defined as systolic and diastolic blood
pressure of <140/90 mmHg and absence of use of anti-hypertensive medication. In these non-diabetic
non-hypertensive individuals, the association between metabolic syndrome and carotid plaque or carotid
intima-media thickening was not statistically significant even with adjustment only for age.
Conclusionis: In men who did not have impaired fasting glycemia and/or in those without impaired glucose
tolerance, metabolic syndrome was a predictor of carotid atherosclerosis after age adjustment, although
metabolic syndrome was not found to be a predictor of carotid atherosclerosis when hypertensive indi-
viduals were excluded from the study population.

Keywords:
Metabolic syndrome
Carotid artery
Atherosclerosis

Risk factors

Glucose metabolism

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction gation of established major coronary risk factors has been reported

to strongly influence the presence of carotid atherogenesis in the

Metabolic syndrome (MetS) is. a' cluster. of metabolic and
hemodynamic abnormalities linked with insulin resistance: Since
components of MetS also represent risk factors for atherosclerotic
disorders, it is natural that individuals with this syndrome have
an increased risk for ischemic heart disease [1] and stroke [2,3].
On’ the other hand; the clinical utility of MetS may depend on
whether the risk conveyed by this syndrome is higher than the
sum of each component utilized as diagnostic criteria for MetS
[4,5]

Carotid artery intima-media thickness has been reported to
be a discriminator as: a surrogate of cardiovascular mortality in
community-dwelling Japanese people [6] and, conversely, aggre-

*Corresponding author. Tel.: +81 3 3815 5411x37156; fax: +81 3 5842 5586.
E-mail address: nobuishizka-tky@umin.ac.jp (N. Ishizaka).

0021-9150/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.atherosclerosis.2008.10.022

general Japanese population [7]. Previously, we reported that the
presence of MetS may not increase the risk for carotid atherosclero-
sis in individuals without hypertension, with hypertension defined
as systolic blood pressure (SBP) of >140 mmHg, diastolic blood
pressure (DBP) of >90 mmHg; or the use of anti-hypertensive med-
ication [8]. This observation suggested that the properties of MetS
that present a risk for atherosclerotic diseases may differ accord-
ing to the populations selected. Consistent with this idea; it was
reported that: MetS was not found to be associated with car-
diovascular mortality in non-diabetic non-hypertensive Chinese
individuals [9], and that MetS did not significantly increase the risk
of mortality from cardiovascular disease in non-diabetic Mexican
Americans and non-Hispanic whites [10]. In the current study, we
investigated whether MetS was associated with carotid atheroscle-
rosis in'Japanese individuals who did not have diabetes mellitus
based on results of the 75-g oral glucose tolerance test (OGTT).
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Fig. 1. Flow chart showing selection of the four subgroups.

2. Methods
2.1. Study subjects and selection of subgroups

The study was approved by The Ethical Committee of Mitsui
Memorial Hospital-and University of Tokyo, Faculty of Medicine.
Between September: 1994 and: December 2003;: 8143 subjects
underwent general health screening including carotid ultrasonog-
raphy at the Center for Multiphasic Health Testing and Services,
Mitsui Memorial Hospital. Of the 8143 subjects, 95 were treated
as having diabetes, and of the remaining 8048 individuals, 3904
underwent an OGTT. Among these 3904 individuals, three sub-
groups were sequentially. selected based on various parameters
(Fig. . 1).-Those with " a- fasting plasma’ glucose (FPG) value of
<126 mg/dL were designated as subgroup 1, and those with a 2-
h post-OGTT plasma glucose (2-h PG) value of <200 mg/dL were
designated as subgroup 2. Subgrotp 3 was comprised of subjects
who met all the following conditions; FPG of <126 mg/dL, 2-h'PG
of <200 mg/dL, and not having hypertension. Hypertension was
defined as SBP >140 mmHg, DBP >90 mmHg, or the use of anti-
hypertensive medication. We ‘also selected individuals without
impaired glucose tolerance (IGT), i.e., individuals with a 2-h PG
value of <140 mg/dL.

At our institute, several types of health screening programs are
available; and some general health screening programs. include
carotid ultrasonography and/or OGTT; while others do not. How-
ever, the decision on the type of health screening was made by the
individuals-and/or their companies and was not decided upon or
recommended by any attending physician.

2.2. Definition of MetS

MetS was defined: as the presence of three or more of
the following: (1) fasting glucose >110mg/dL;  (2). SBP/DBP
>130/85 mmHg or taking anti-hypertensive medication; (3) triglyc-
erides >150 mg/dL mmol/L; (4) HDL cholesterol <40 mg/dL in men
and <50 mg/dL in women; and (5) body mass index >25 kg/m2 [11].

2.3, Carotid ultrasonography

Carotid artery status was studied using high resolution B-mode
ultrasonography (Sonolayer SSA270A, Toshiba, Japan) equipped
with'a 7.5MHz. transducer as: described previously [12]. Plaque
was defined to be present when there is one or more clearly iso-
lated focal thickening(s) of the intima-media layer with thickness
of >1.3 mm at the common or internal carotid artery or the carotid
bulb. Carotid wall intima-media thickening was said to be present
when intima-media thickness which was measured at the far wall
of the distal 10 mm of the common carotid artery was > 1.0 mm [ 12}

2.4, Statistical analysis

Logistic: regression analysis was used to obtain adjusted odds
ratios and their 95% confidence intervals (CIs) to: predict the
presence of carotid plaque or carotid intima-media thickening. Sta-
tistical- analyses were carried out by using Dr, SPSS II' (SPSS Inc,,
Chicago,IL). Results are expressed as the mean= standard deviation
(SD). A value of p<0.05 was taken to be statistically significant.

_.69_..
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Table 1
Baseline characteristics.
Variables Subgroup 1
Men Women

Number 2548 1131
Age, years 5824106 57.9+104
Body mass index; kg/m? 240428 222431
Systolic BP. mmHg 127+19 121421
Diastolic BP, mmHg 79412 73112
Total cholesterol, mg/dL 206+32 219135
HDL-cholesterol, mg/dL 55+ 16 70+£17
Triglycerides, mg/dL 144+ 117 96 £ 56
Uric acid, mg/dL 62+12 47110
Fasting glucose, mg/dL 96+ 10 90+ 10
2-h OGTT glucose, mg/dL 13241 118+ 32
Haemoglobin A1C. % 52104 51 +£04
Hypertension, n (%) 863 (34) 263 (23)
Anti-hypertensive drugs, n (%) 336(13) 99(9)
Metabolic syndrome, n (%) 439(17) 84(7)
Smoking status

Never, nn (%) 764 (30) 933 (82)

Former, n (%) 799(31) 53(5)

Current, n (%) 985 (39) 145(13)

Subgroup 2 Subgroup 3
Men Wonien Men Women
2386 1102 1588 852
58.0+ 10.7 5784103 56.7+10.9 56,6+ 10.5
239+2.7 221431 236126 217128
128419 120+£20 119+ 12 123+ 14
7912 73112 7348 6949
205432 219135 205+32 216135
55+ 16 70+ 17 56+ 16 71+L17
142 +98 95454 141+ 98 95+ 54
62+12 47410 62112 46110
95+ 10 90+9 9419 88+t9
12529 115126 121+29 112425
52404 5.1 £04 52404 51+04
788 (33) 248 (23) 0 0
307(13) 95(9) 0 0
372(16) 27 131(8) 25(3)
714(30) 909 (82) 465 (29) 689(81)
753(32) 50(5) 464 (29) 44(5)
919(39) 143(13) 659(41) 119(14)

BP indicates blood pressure, OGTT indicates oral glucose tolerance test.

3. Results

3.1. Association between MetS and carotid atherosclerosis in
individuals with FPG value of <126 mg/dL (subgroup 1)

Among the 3904 individuals who underwent OGTT, 3679 (94%)
had an FPG value of less than 126 mg/dL. Of these, 300 (257 men,
43 women), the FPG value was >110 mg/dL, thus impaired fasting
glycemia (IFG), and in the remaining 3379(2291 men, 1088 women)
had an FPG value of less than 110 mg/dL (no IFG). Table 1 shows the
baseline characteristics of this group according to gender. Carotid
plaque was found in 823 (32%) men and 191 (17%) women and
carotid intima-media thickening was found in422 (17%) men and
122 (11%) women (Fig. 2). Age-adjusted logistic regression analysis
(Model 2) showed that, in men, MetS was statistically significantly
associated with carotid plague (Table 1) and intima-media thicken-
ing (Table 2). In women, MetS tended to be associated with carotid
plaque, but not with intima-media thickening after age adjustment.
Similar patterns of relationships could be observed after further
adjustment for total cholesterol (TC) and smoking status (Model 3).
On the other:hand, after full adjustment including that for com-
ponents of MetS (Model 4), MetS was not significantly associated
with carotid plaque or intima-media thickening in either men or
wortien.

3.2; ‘Association between metabolic syndrome and carotid
atherosclerosis in individuals with 2-h PG value of <200 mg/dL
(subgroup 2)

Among 3904 individuals who underwent OGTT, 3488 (89%) had
a 2-h PG value of less than 200 mg/dL. Of these 3488 individu-
als 2644 (1717 men, 927 women) had a 2-h PG value of less than
140 mg/dL (no IGT) and the remaining 844 (669 men, 175 women)
had a 2-h PG FPG value of >140 mg/dL, and thus IGT. Carotid plaque
was found in 761 (32%) men and 182 (17%) women and: carotid
intima-media thickening was. found in 378 (16%) men and 116
(11%) women. Age-adjusted logistic regression analysis (Model 2)
showed that, in men, MetS was statistically significantly associ-
ated with carotid plaque (Table 2) and intima-media thickening
(Table 3). In women, MetS tended to be associated with carotid
plaque but not with intima-media thickening. Similar patterns of

._70_

relationship could be observed after further adjustment for TC and
smoking status (Model 3). On the other hand, after full adjust-
ment that included components of MetS (Model 4), MetS was not
significantly associated with carotid plaque or intima-media thick-
ening in men or in women. There were only 15 (13 men, 2 women)
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Fig. 2. Prevalence of carotid plaque and carotid intima-media thickening according
to the presence or absence of metabolic syndrome in subgroups:
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Table 2
Logistic regression analysis with metabolic syndrome as an independent variable
and carotid plaque as a dependent variable.

Variables Odds ratio for carotid plaque
Men Women
0Odds ratio (95% CI) Pvalue 0Odds ratio (95% CI) Pvalue
Subgroup 1
Model 1 1.12(0.90-1.39) 0.302 1.97(1.19-3.28) 0.009
Model 2 1.41{1.11-1.79) 0.005 1.68(0.96-2.95) 0072
Model 3 1.30(1.03-167) 0.030 1.63(0.93-2.88) 0.091
Model 4 1.21(0.90-163) 0.209 1.61(0.79-3.29) 0.188
Subgroup 2
Model 1 1.18(0.93-1.49) 0.170 2.06(1.20-3.55) 0.009
Model 2 1.47(1.14-1.90) 0.003 1.78(0.98-3.24) 0.058
Model 3 1.38(1.07-1.78) 0014 1.72(0.95-3.14) 0.076
Model 4 1.23(0,90—1 69) 0.202  1.73(0.82-3.63) _ 0.151
Subgroup 3
Model 1 0.77(0.50-119) 0232 2.20(0.86-5.62) 0.101
Model 2 0.99(0.62-158) 0.971 1.89(0.66-5.43) 0.235
Model 3 0.94(0.59-1.50) 0.796 1.85(0.64-533) 0.254
Model 4 0.82(048-141) 0479 2.44(0.72-8.29) 0.152

Model 1, unadjusted; Model 2, adjusted for age; Model 3, adjusted for age, total
cholesterol and smoking status; Model 4, adjusted for age, body mass index, sys-
tolic blood pressure, total cholesterol, HDL cholesterol, triglycerides, fasting plasma
glucose, and smoking status.

individuals among the 3488 in subgroup 2 who had an FPG value of
<126 mg/dL in addition to a 2-h PG value of <200 mg/dL, and; thus,
the mode of association between MetS, carotid plaque, and intima-
media thickening in this subgroup was essentially the same as that
observed in total population of subgroup 2.

We also investigated the association between MetS and carotid
atherosclerosis in individuals without IGT. There were 2644 indi-
viduals who did not have IGT, ‘and among them, 61 had FPG
value of =110 mg/dL (Fig.-2, Supplementary Tables 1. and 2). The
obtained results in these subgroups were similar to those:in
the subgroup 2; however; association between MetS and carotid
intima-media thickening was statistically: significant even ‘after
multivariate adjustment in women.

Table 3
Logistic regression analysis with metabolic syndrome as an independent variable
and carotid intima-media thickening as a dependent variable,

Variables 0dds ratio for carotid infima-media thickening
Men - ~ _ Women
Odds ratio(95%Cl)  Pvalue  Oddsratio(95%C)  Pvaiue
Subgrowpt . \ ‘
Model1  1.33(1.03-173) ‘ 0.031 '1.7‘4(0;95—3.19); 0.074
Model2  1.74(131-230) <0001 140(0.72-2.73) 0324
_ Model3  165(124-219) <0001 138(0.70-2.70) 0349
Model 4 0.9%( 067-139) 0.851 0.70(0.31-1.60) 0.398
Subgrowp2 . .
Model1  1.26(0.94-168) ; 0.120  178(093-342) 0.083
Model 2 1 .63(1.20-2.22) 0.002 147(0.73-2.98) 0.285
Model 3 1.55\(1.13‘-2.‘11)‘ ; 0.006 1.44(0.71-293) 0.317
Model 4 1.00(0.68-148) 0.993 0.71(030-167) 0.435
Subgroup 3 - ; -
Model 1 0.61(0.32-115) 0.125 0,9,9(0.23‘-’4‘.28) 0.985
Model2  083(043-161) 0586 071(015341) 0673
Model 3 0.77(0.40-150) 0.443 _ 070(015-3.39) 0.660
Modeld  052(024-111) 0092  056(005-145) 0.123

Model 1, unadjusted; Model 2, adjusted for age:; Model 3, adjusted for age, total
cholesterol and smoking status; Model 4, adjusted for age, body mass index, sys-
tolic blood pressure, total cholesterol, HDL cholesterol; triglycerides; fasting plasma
glucose, and smoking status,

3.3. Association between metabolic syndrome and carotid
atherosclerosis in individuals with FPG value of <126 mg/dL, 2-h
PG value of <200 mg/dL, and no hypertension (subgroup 3)

Among 3904 individuals who underwent OGTT, 2440 (63%)
could be assigned to subgroups 3. Their baseline characteristics
according to gender are shown in Table 1. Carotid plaque was
found in 409 (26%) men and 110 (13%) women and carotid intima-
media thickening was found in 202 (13%) men and 69 (8%) women.
Unlike subgroups 1 and 2, MetS was not significantly associ-
ated with either carotid plaque or intima-media thickening after
age adjustment, or even before any adjustment in either gender
(Tables 2 and 3).

4. Discussion

Here, we have assessed whether MetS is a risk factor for carotid
atherosclerosis in individuals who were determined not to have
diabetes mellitus based on results of OGTT. MetS was found to
be associated with carotid atherosclerosis especially in men; how-
ever; when individuals with hypertension, defined as those having
SBP/DBP >140/90 mmHg or using-anti-hypertensive medication,
were excluded, the presence of MetS no longer conferred: excess
risk when adjustments were made only for age or even when no
adjustments were made,

It is: known- that clustering of certain metabolic abnormali-
ties and hypertension increases the incidence of:atherosclerotic
diseases [13].. However, whether ‘such' clustering of atherogenic
risk factors: should be separately designated: as  MetS has been
controversial. 'Whether. MetSis independently : associated: with
carotid atherosclerosis:has been analyzed in various populations.
Byanalyzing data on a multi-ethnic cohort of apparently healthy
individuals in Canada, Paras' et al. reported that although MetS
was significantly associated with measures of sub-clinical-carotid
atherosclerosis, this association is mediated entirely through: the
components of MetS-that have been considered as risk factors [ 14].
Similarly; by analyzing data on-individuals recruited from-a local
community in. Italy, Fadini et al: demonstrated that the cluster-
ing of MetS.components led to a'no-more-than additive increase
in: carotid intima-media thickness [4]. In addition, Vaidya et al.
reported that MetS did not have supra-additive association with
carotid intima-media thickening [15})

In our previous study that analyzed data on'subjects who under-
went general health screening, we found that MetS may not be
associated with carotid atherosclerosis even after adjustment only
for age when individuals did not have hypertension (SBP/DBP
<140/90 mmHg and not using anti-hypertensive medication){8].In
the current study, we expanded this theme to investigate whether
MetS increases the risk for carotid atherosclerosis in individuals
who had no or only mild (i.e.; not in the diabetic range) abnormal-
ities in glucose metabolism. We found that in individuals with FPG
values of <126 mg/dL (subgroup 1} or in those with 2-h PG values
of <200 mg/dL (subgroup 2), MetS was positively associated with
carotid plaque after adjustment for only age (Model 2), although
the relationship was only borderline positive in women. In men,
the association between MetS and carotid intimamedia thickening
was also statistically significantly positive after adjustment foronly
age. These associations lost statistical significance after adjustment
for TC, smoking status, and components of MetS (Model 4), suggest-
ing that these associations may not be independent of these factors.
Attention should be given to the fact that after excluding individ-
uals with hypertension from the analysis, the association between
MetS and carotid plaque or carotid intima-media thickening was
nolonger statistically significant even after adjustmert for only age
(subgroup 3), which is in-agreement with our previous finding [8].
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Several previous cross-sectional and longitudinal studies have
investigated whether MetS increases the risk for atherosclerotic
diseases in subjects without apparent impairment in glucose
metabolism. A prospective population-based study of Finnish men
showed that MetS was associated with higher mortality from coro-
nary heart disease in men without impaired fasting glycemia [16].
Wilson et al. reported that MetS was associated with increased risk
for cardiovascular disease in those without diabetes [17]. Leoncini
et al. reported that MetS was associated with carotid atheroscle-
rosis in non-diabetic hypertensive individuals who attended an
outpatient clinic in Italy [18]. Kawamoto et al. analyzed Japanese
inpatients and found that MetS increased the risk for carotid
intima-media thickening in non-diabetic subjects [19]. Tzou et al.
reported that the presence of MetS increased the composite of
carotid intima-media thickness of >75th percentile of enrolled
subjects in non-diabetic young adults [20]. These results support
the notion that the presence of MetS will increase the risk for
carotid atherosclerosis even in non-diabetic populations; how-
ever, caution should be paid in interpreting these results, as these
results were not always adjusted for each component of MetS.
The present results showed that MetS was associated with carotid
plaque and intima-media thickening in men in subgroups 1; and 2
after adjustment for age, TC, and smoking status; although statisti-
cally significance would be lost after further adjustment for MetS
components. ,

We-found that in the absence. of hypertension (subgroup 3),
the association between MetS and carotid plague or intima-media
thickening was no more: statistically: significant: after adjustment
for only age, or even when no adjustments:were made. These
data collectively suggested that the presence or absence of hyper-
tension, but not'an abnormality in glucose metabolism; is crucial
to ‘determine whether the  presence of : MetS:would increase
the risk for carotid atherosclerosis. A recent study showed that
MetS significantly increased . all-cause mortality in hypertensive
community-based: French individuals with a hazard ratio of 140
(95% CI.1.13=1.74), but not in non-hypertensive individuals, during
a mean follow-up period of 4.7 years [21], which was consistent
with the idea of major role played by hypertension.

This study has several limitations. First, due to the: cross-
sectional nature of the study, we cannot determine whether there
is a causal or resultant relationship between the MetS: and pres-
ence of atherosclerosis. Second, among 8048 individuals who were
not taking anti-diabetic medication, we excluded 4144 individuals
who did not undergo OGTT. The mean age of the 3904 individuals
who underwent OGIT and those 4144 who did not were signif-
icantly different (55410 years versus 58 + 10 years, respectively;
P<0.001); therefore, it could be said that there had been some
selection bias, though;, again, the type of health screening was not
decided or recommended by the physicians.

In conclusion, we showed that MetS was associated with carotid
plaque and carotid intima-media thickening in non-diabetic indi-
viduals; although, -this relationship did not remain statistically
significant after adjustment for MetS components. In non-diabetic
non-hypertensive individuals, the association between MetS and
carotid plaque or carotid intima-media thickening was not statis-
tically significant when adjustment was made for only age or even
when no adjustment were made. These data collectively indicate
that presence or. absence of hypertension, but not an abnormal-
ity in glucose metabolism, is crucial to determine the relationship
between MetS and carotid atherosclerosis:
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Relationship Between Renal Dysfunction and Severity
of Coronary Artery Disease in Japanese Patients

Arihiro Kiyosue, MD; Yasunobu Hirata, MD; Jiro Ando, MD; Hideo Fujita, MD;
Toshihiro Morita, MD; Masao Takahashi, MD; Daisuke Nagata, MD;
Takahide Kohro, MD; Yasushi Imai, MD; Ryozo Nagai, MD

Background: The relationship between renal dysfunction and the severity of coronary artery disease (CAD)
was examined.

Methods and Results: The severity of CAD in 572 patients was graded according to the number of stenotic
coronary arteries, and the estimated glomerular filtration rate (eGFR) was monitored for 3 years. Patients were
stratified into 3 eGFR groups: normal (>75ml-min-'-1.73m2), mild reduction (60-75) and chronic kidney disease
(CKD: <60). There were 161 patients in the CKD group. The average number of stenotic coronary arteries was
larger in the CKD group than in the other groups (normal vs mild reduction vs CKD=1.35+0.07 (SE) vs 1.22+0.08
vs 1.69+0.08 vessel disease (VD), P<0.001). During the 3-year follow-up; the renal function of 13.8% of the
patients worsened. Those who showed more deterioration of eGFR had more severe CAD than those who did not
(1.20+0.06 vs 1.61+0.06 VD, P<0.001). Multivariate analysis revealed that the severity of CAD was independently
and significantly associated with the deterioration of eGFR.

Conclusions: Patients with. CKD had more severe CAD, which may explain the high rate of cardiovascular
events in these patients. Moreover, the prognosis of renal function was poor in patients with severe CAD, and CAD

was found to be an independent risk factor for worsening of renal dysfunction.

Key Words: - Chronic kidney disease; Coronary artery disease; Glomerular filtration rate; Renal.function

sociated with an increased frequency of cardiovascular

disease, so patients with end-stage renal disease have
a very high risk for cardiovascular events. However, this is
the case even in patients with mildly reduced renal function.
In fact, Go et al reported that among the American population
patients with mild chronic kidney disease (CKD), such as
those whose glomerular filtration rate (GFR) is between 45
and’ 59ml-min-!-1.73m% ‘already . showed substantial in-
creases in the frequency of cardiovascular events.! This has
been confirmed not only in population-based epidemiological
studies, but also in clinical trials.Z-¢ However; the mechanisms
of the involvement of renal dysfunction in the occurrence of
cardiovascular events remain unclear; although several pos-
sibilities have been suggested. It is also unclear which car-
diovascular events are likely: to occur:in patients with renal
damage. According to previous reports; coronary artery dis-
ease (CAD), including acute myocardial infarction (AMD), is
the most frequent type of cardiovascular event in patients
with CKD:** Furthermore, the prognosis of such patients is
worse than in those without CKD:!> A Japanese population
study recently showed that the risk of cardiovascular events

It is well established that decreased renal function is as-

increased as renal function decreased.”: In: that study the
leading ‘etiology of the cardiovascular events was cerebral
vascular accidents rather than CAD. In Asian countries, par-
ticularly in Japan, the occurrence of stroke is twice that
of CAD.® Nonetheless, the prevalence of AMI is higher in
patients with decreased renal function.”

In the present study, we explored the relationship between
renal dysfunction and the severity of CAD by counting the
number of stenotic coronary. arteries: in. Japanese patients.
Furthermore, as cardiovascular damage has been suggested
to aggravate renal dysfunction,?!! we followed patients with
CAD for 3 years to examine the influence of CAD on renal
function:

Methods

For this study, data from 572 consecutive Japanese patients
who underwent scheduled coronary angiography (CAG) at
the: University - of Tokyo Hospital under:the suspected diag-
nosis of CAD from August 1999 to February 2004 were ana-
lyzed retrospectively.

Scheduled CAG was performed using a transradial, trans-
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Figure 1. Distribution of the estimated glo-
merular filtration rate:

Data are mean+ SE or percentage.

Total Normal  ~Mild reduction CKD P value
(eGFR) (>75) (60-75) (<60) {ml-min-'.1.73m?)
n 572 238 173 161
Sex, M/F 412/160 174/64 127/46 111/50 0.589
Age (years) 66.4+04  63.1:0.6 67.120.7 70.7:0.7 <0.001
BMI 23.9+0.1 24.0+0.2 23.510.2 24.2+0.3 0.151
Coexisting coronary risk factors 1
Hypertension, % 92.7 91.6 92.5 94.4 0.570
Diastolic BP, mmHg 77.0£129 77.5+135 77.8+13.1 7541117 0.178
| Systolic BP, mmHg 135.6+20.7 13494205 = 1359+209  136.2+20.9 0.824
Diabetes mellitus, % 36.1 37.0 35.0 36.0 0.852
Dyslipidemia, % 63.1 63.4 64.2 61.0 0.872
Smoking habit; % 61.2 61.3 62.4 60.0 0.870
No. of coronary risk factors/patient  2.53+0.04 2.5410.06 2.54+0.07 2.52+0.07 0.967
Serum Cr; mg/di 0.84x0.01- 0.64+0.01 0.82:0.01 1.14£0.03 <0.001
eGFR, mi-min'-1.73m2 721209  91.1+1.0 68.0£0.3 48.5:0.8 <0.001
LVEF, % 66.0+12.1 " 66.4x12.2 66.7x£12.1 64.7£11.8 0.294
Plasma BNP, pg/mi 851205 67+142 59192 1401328 <0.001

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; BMI, body mass index; BP, blood pressure;

Cr, creatinine; LVEF, left ventricular ejection fraction; BNP; B-

brachial or transfemoral approach. All angiographic reports
were reviewed by at least 2 operators.. The severity of coro-
nary artery stenosis was assessed in the worst view projection
and the percentage of luminal narrowing was recorded accord-
ing to the American Heart Association criteria.’?-Luminal
narrowing >51% was considered as significant stenosis. The
left anterior descending, left circumflex and right coronary
arteries were evaluated, and the number of stenotic arteries
was recorded (0 to 3-vessel disease (VD)). A significant ste-
nosis in the left main trunk was scored-as 2VD.

Patients were admitted 1-3 days before the day CAG was
to be performed. Body weight and blood pressure were mea-
sured in the morning of the day of admission. Blood samples
were: obtained from the antecubital vein, while the patient
was supine, in the morning after an‘overnight fast. The plasma
B-type natriuretic peptide (BNP) concentration was measured
by enzymatic immunoassay,'? and that: of serum. creatinine
(Cr) by an enzymatic method using a standard autoanalyzer.

type natriuretic peptide.

Echocardiographic parameters were measured within 1 month
after diagnostic CAG. The left ventricular (LV) dimension
was measured on ‘the long-axis view of the left ventricle
taken with the patient in the left lateral position. LV ejection
fraction (LVEF) was obtained by the following formula:
LVEF=(LV end-diastolic volume = ¢nd-systolic volume)/LV
end-diastolic volume. To evaluate cardiovascular risk factors,
the numbers of smokers and patients: with hypertension,
diabetes mellitus or dyslipidemia were determined. Hyper-
tension was defined: as blood pressure >140/90mmHg: or
use of antihypertensive agents; diabetes mellitus by: fasting
blood glucose 2126 mg/dl or use of hypoglycemic agents or
insulin; dyslipidemia by low-density lipoprotein cholesterol
level 2140 mg/dl, high-density lipoprotein cholesterol level
<40 mg/dl-or use of lipid lowering agents; and smoking by
present or past smoking:

The patients were divided into 3 groups according to their
estimated GFR (eGFR): calculated by- the Modification of
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Figure 2. (a) Percentages of patients with O to 3-vessel disease (VD) in each group. (b) Number of stenotic coronary arteries in
each group. Each column represents the mean+SE. The percentages of patients with multivessel stenosis (2VD+3VD) were
significantly greater in the chronic kidney disease (CKD) group (*P<0.01, **P<0.001).
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n
Age; (years)
Sex, M/E
BMI
Coexisting coronary risk factors
Hypertension, %
Systolic BP, mmHg
Diastolic BP, mmHg
Diabetes mellitus, %
Dyslipidemia, %
Smoking habit, %
No. of coronary risk factors/patient
Baseline serum Cr, mg/d|
Serum Cr after 3 years, mg/di
Baseline GFR; ml-min-'-1.73m2
GEFR after 3 years, mi-min-'-1.73m?2
Change in GFR:after follow-up, %
LVEF, %
Plasma BNP, pg/mi
Administration of ACE! or ARB, %
No. of stenotic coronary arteries, VD

ota
572
66.4+0.4
412/160
23.9+0.1

92.7
135.6+0.9
77.0£05
36.2
63.1
61.2
2.5310.04
0.84£0.01
1.01£0.03
72.1£0.9
62.410.8
=12.8x0.8
66.020.5
85.1+8.6
49.8
1.41+0.05

65.5+0.6
211/75
24.0£0.2

91.3
131.6+1.1
76.0£0.7
31.1
62.2
58.4
2.43+0.05
0.85£0.01
0.8320.01
69.5+1.0
69.9+1.0
1.420.7
66.410.7
69.3+8.5
489
1.20£0.06

67.3+0.5
201/85
23.8+0.2

94.1
139.5+1.3
78.0£0.8
413
64.0
64.0
2.6320.05
0.82+0.02
1.19+0.02
74.6x1.4
54.9x1.2
~27.0£0.8
65.3+0.7
100.1£14.7
51.7
1.61x0.06

P.value

0.020
0.352
0.599

0.200
<0.001
0.076
0.012
0.665
0.170
0.008
0.253
0.001
0.003
<0.001
<0.001
0.271
<0.001
0.358
<0.001

No. of CAG and PCl/patient during follow-up
Data are mean+ SE or percentage.

2.8120.09

2.5710.12 3.05+0.14 0.012

GFR, glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin il receptor blocker;
VD, vessel disease; CAG, coronary angiography; PCI, percutaneous coronary intervention. Other abbreviations see

in Table 1.

Diet in Renal Disease (MDRD) equation!* with coefficients
modified for Japanese patients:'* eGFR (ml-min - 1.73 m?)=
194X Cr-19%4xage-0287 (x0.739 if female). The normal group
had an'eGFR >75 ml-min-!:1.73 m2; the mild reduction group
had an eGFR between 60 and 75 ml-min~!:1.73m>%; the CKD
group had an eGFR <60ml-min-!-1.73m2 The patients
were excluded because of unstable renal function if they had

overt congestive heart failure or AMI, or were on hemo-
dialysis.

The study was approved by the institutional ethical com-
mittee (No.2252).

All study subjects visited hospital regularly as outpatients
after discharge. eGFR was monitored for 3 years after diag-
nostic CAG. To evaluate the effect of contrast media admin-
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Figure 3. Percent glomerular filtration rate
(GFR) deterioration: during follow-up in

patients with 0 to 3-vessel! disease (VD).

Each column represents the mean+SE.
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*P<0.01, **P<0.001.

Univariate analysis

r2

Age 0.0031
Sex 0.0041
| BMmI 0.0001
Coexisting coronary risk factors
Hypertension 0.0001
Systolic BP 0.0351
Diastolic BP 0.0069
Diabetes meliitus 0.0209
Hyperlipidemia 0.0021
Smoking habit 0.0021
Baseline eGFR 0.0135
LVEF 0.0045
Plasma BNP 0.0468
No. of stenotic coronary arteries 0.0399
| No: of CAG and PCl/patient during follow-up 0.0118

Muitivariate analysis (r2=0.1417)
P value s F value P value
0.1828 0.0739 1.5479 0.1223
0.1244 —= = -
0.8558 - = =
0.7903 —0.0539 -1.2641 0.2068
<0.0001 0.1542 2.9390 0.0034
0.0488 0.0265 0.5088 0.6111
0.0005 0.0875 2.0253 0.0434
0.2795 0.0395 0.9055 0.3656
0.2736 -0.0068 ~0.1638 0.8700
0.0053 0.1812 4.0747 0.0001
0.1092 —0.0157 -0.3480 0.7280
<0.0001 0.1953 4.2209 <0.0001
<0.0001 0.1140 24282 0.0155
0.0094 0.0379 0.8365 0.4033

Abbreviations see in Tables 1,2.

istered during CAG or percutaneous coronary intervention
(PCI), the frequency of exposure of each patient to contrast
media during those 3 years was recorded.

Statistical Analysis

Values are expressed as the meant SE. Statistical analyses
were performed using SPSS version 17.0 (Chicago, IL, USA).
Unpaired Student’s t-test was used for comparisons between
2 groups. Tukey’s multiple comparison of means following
ANOVA was used. for comparisons  among: more than 2
groups. A multiple linear regression analysis of independent
predictors of renal prognosis was also performed. The level
of statistical significance was set at P<0.05.

Resulis

The baseline: eGFR of the 572 patients showed: a normal
distribution (Figure 1), and the mean was 72.120.9mi-min-!-
1.73 m~? (median, 71.7; interquartile range, 58.0-84.7). - There
were 173 (30.2%) patients with a normal eGFR; 238 (41.6%)
with'a mildly reduced ¢GFR; and 161 (28.1%): with. CKD:.

The clinical profile of the patients in each group is shown in
Table 1. Although CKD patients were slightly older than
those in the other groups and had decreased renal function,
the prevalence of risk factors for CAD was similar among
the 3 groups.

As for the severity of CAD, 151 patients (26.4%) had
1VD, ‘145 (25.3%) had 2VD and 123 (21.5%) had 3VD
(Figure 2a). No significant stenotic lesions were detected
in. 153 (26.3%) patients. The percentages of patients with
multivessel stenosis (ZVD+3VD) were significantly greater
in the CKD group (P<0.001). The CKD group had a signifi-
cantly higher number of stenotic coronary arteries then the
normal and the mild reduction groups (Figure 2b). Although
blood pressure and LVEF did not differ significantly among
the 3 groups, the CKD. group had a significantly: higher
plasma level of BNP than the other 2 groups (Table 1)

At the end of the 3-year follow-up eGFR had decreased
from 72.130.9 to 62.4+0.8 ml-min=!-1.73 m2 (median; 63.4;
interquartile range, 50:1-73.9; P<0.001). The rate of decline
was 3.240.2 ml-min"1:1.73 m 2. year~! and showed a normal
distribution; 79 (13.8%) patients were newly diagnosed with

_.76_..
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CKD during the follow up. On the other hand, no CKD patient
showed improvement of eGFR during the same period.

We examined the factors related to the deterioration of
renal function. Table 2 compares the clinical background of
patients with unchanged renal function (ie, patients included
in the upper half of the percent deterioration of eGFR) with
that of patients with worsened renal dysfunction (the lower
half). Age, systolic blood pressure, prevalence of diabetes
mellitus, baseline eGFR, plasma BNP, number of coronary
risk factors and number of CAG and PCI during follow-up per
patient were found to be significantly higher in the lower half
group (ie, the group showing a greater reduction of eGFR).
There was no significant difference in the medications nor
in the frequency of administration of angiotensin-converting
enzyme inhibitors (ACEI) or angiotensin II receptor blockers
(ARB) between the 2 groups. The number of stenotic coronary
arteries was significantly greater in: patients with' decreased
renal dysfunction compared with patients with unchanged
renal function. The percent ¢GFR deterioration during follow
up was significantly higher in the patients whose diagnostic
CAG revealed multivessel disease (Figure 3). Stepwise multi-
ple regression analysis was performed to evaluate the indepen-
dent determinants of the percent eéGFR deterioration (Table 3)
and it was found that the number of stenotic coronary arteries,
systolic blood pressure, prevalence of diabetes mellitus; base-
line eGFR and plasma BNP, but not the number of CAG and
PCI, showed an indeperident and significant association with
the percent eGFR deterioration during follow-up.

Discussion

The incidence of cardiovascular disease increases in patients
with reduced renal function. Although the exact mechanisms
by which impaired renal function relates to cardiovascular
disease remain unclear, many possibilities: have been sug-
gested; for example, renal dysfunction activates the renin—
angiotensin system and sympathetic nervous system, elevates
blood pressure,: causes anemia: and: vascular: stiffness and
calcification; and so on.!%!7 In the present study, the average
number of stenotic coronary arteries was significantly bigger
in the CKD group compared with the other 2 groups; which
may. explain at least in part the poor prognosis of CKD
patients. CKD patients were older than patients in the other
groups, as reported in previous studies;"%1%!7 and this may
also have affected the severity of CAD because age has been
reported to be a risk factor for CAD.!8 In addition, the CKD
group had a significantly higher plasma level of BNP, even
though blood pressure and LVEF did not differ among the
3 groups. This finding suggests that patients in the CKD
group have a larger cardidc overload, although decreased
renal clearance of BNP may explain its high plasma level.
On diagnostic CAG, 26.2% of the patients had CKD. In
previous general population studies, 17.5% of subjects in the
United States, and 10.3% of subjects in Japan were reported
to have CKD.L” Compared with those reports, the percent-
age of patients with CKD found in the present study was
very high and may be because they already had a substantial
number of coronary risk factors. Furthermore, patients in the
CKD group were older than those in the other 2 groups.
During follow-up, the eGFR rate of decline was approxi-
mately 3ml:min*!-1.73m2- year-'. Although ¢GFR is a func-
tion of age, 3 years is too short a period to explain this dete-
rioration: eGFR decreases by only 0.1 ml-min=*-1.73m-? from
60ml-min-!-1.73 m2 if serum Cr in a patient aged 60 years is
1.0mg/dlL. It has been reported that the eGFR rate of decline

is approximately 1 ml-min~'-1.73 m-2-year~! in Western coun-
tries,? or 0.36 ml-min~!-1.73 m2-year-! in the Japanese gen-
eral population.?! Compared with previous data, the patient
groups we analyzed had a very poor prognosis regarding
renal function. There was no difference between the 2 groups
in the usage of ACEI or ARB, which are known to have a
renal protective effect. Multivariate analysis showed that the
number of stenotic coronary arteries was significantly asso-
ciated with the percent eGFR deterioration, whereas age, the
total number of CAG and PCI during follow-up, and LVEF
were not. This finding suggests that CAD can independently
affect the prognosis of renal function.

It has been suggested that atherosclerosis causes renal dys-
function. Our study confirms that common mechanisms pro-
mote CAD and CKD. O’Hare et al showed that the frequency
of increased Cr was significantly higher in those with a re-
duced ankle-brachial blood pressure index among subjects
who participated in the Atherosclerosis Risk in Communities
(ARIC) Study.’ Elsayed et al'" monitored renal function for
9.3 years on average in subjects from the ARIC Study and
the Cardiovascular Health Study. In patients with cardiovas-
cular disease, the odds ratio for worsening of renal failure was
significantly high. Furthermore; in the Framingham Heart
Study the new:onset of renal disease was closely related to
the coexistence of coronaty risk factors.!! These findings
imply that the presence of atherosclerosis is a risk factor for
worsening of renal dysfunction.

Prevalence of diabetes mellitus and a high systolic blood
pressure also showed a significant association with reduced
eGFR. .It has been: demonstrated that renal - dysfunction
worsens more rapidly in diabetic patients?? and hypertensive
patients.?* Moreover, multivariate analysis revealed a signifi-
cant relation between baseline eGFR and the rate of reduc-
tion in eGFR, which means that the reduction in eGFR in
3 years was greater in patients with a greater baseline eGFR.
The reason for this cannot be clarified from the data obtained
in the present study. However, it is possible that the decrease
in eGFR in diabetic patients in the state of glomerularhyper-
filtration may be even greater.

Another possible explanation for the worsening of renal
dysfunction in patients with severe CAD is that they may be
more exposed to contrast medium. Contrast medium-induced
acute kidney injury (AKI) is a serious iatrogenic complica-
tion after CAG or PCIL. In previous studies, contrast medium-
induced AKI was reported as an increased risk of death or
late cardiovascular events.?*?> CKD, diabetes mellitus, and
larger volumes of contrast medium administered in a single
procedure were demonstrated to be independent risk factors
for contrast medium-induced AKI.?® There have been no
reports regarding whether procedural times of CAG and PCI
affect the long-term prognosis: of renal dysfunction. How-
ever, in the present study contrast medium did not seem to
cause the eGFR deterioration observed in the patients with
multivessel CAD because the procedural times of CAG and
PCI were not independent determinants. We examined the
effect of the cumulative amount of contrast media admin-
istered in 3 years and did not find a significant relationship
between eGFR deterioration and the amount of contrast
media’ (r=0.06, NS, n=318).-We could not collect informa-
tion regarding whether any patient developed AKI after the
first CAG or not. AKI itself may have an effect on the long-
term prognosis of renal function.

Study Limitations
In the original definition by the K/DOQIL? CKD is defined
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as GFR <60ml-min-!-1.73m2 or having markers of kidney
damage even without GFR decrease. Proteinuria has been
sometimes referred as a marker of kidney damage, and in the
previous studies, proteinuria has been reported to be a pos-
sible marker predicting prognosis of renal function.?! In the
present study, we did not include proteinuria in the defini-
tion of CKD in order to concentrate on the change in GFR of
the patients with CAD over the 3-year period, but this may
give some weakness to our data.

There is a common tendency to refrain from catheter ex-
aminations of patients with decreased GFR because of the
possibility of inducing an acute deterioration by the use of
contrast media. This might have brought some bias to the
present study because patients with a more severe clinical
presentation tended to undergo CAG even if they had de-
creased GFR. However, the eGFR was normally distributed
in the present study, as reported for the Japanese general
population,? so the bias, if present, may be small.

Conclusion

Patients with CKD have more: severe CAD, which may be
why there is a high rate of cardiovascular events in CKD pa-
tients, that is; the so-called cardiorenal association. Moreover,
patients: with- more severe CAD-had a poor. prognosis. for
renal function itself. CAD seemed to be an independent risk
factor for worsening of renal dysfunction.
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