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Table 3. Stepwise multiple regression analysis between percent changes in lipid parameters and age, %dWC, and %dBMI

Women

Men

Standardized

B 95%CI

pvalie B 95%CI S‘a“d‘z;d‘“d p value

Model 1
Dependent variable, %dLDL
%dBMI 072 044 099
age
Dependent variable, %dHDL

%dBMI  -0.23 -043 -0.03 -0.07

Dependent variable, %TG
%dBMI 2.08 1.42 275

<0.001 086 062 110 0.16 <0.001
-0.08 -0.15 -0.01 -0.05 0.019

0.026 -0.70 ~0.88 ~0.53 -0.17 <0.001

<0.001 447 378 s5.16 0.28 <0.001

Model 2

Dependent variable, %dLDL
%dWC 0.16 0.05 0.26

age

Dependent variable, %dHDL

%dWC

Dependent variable, %TG
%dWC 0.33  0.06 060

0.005 025 009 041 0.07 0.002
-0.11 -0.18 ~0.04 -0.07 0.003
~-0.24 -036 -0.12 -0.09 <0.001

0.015 .12 0.64 1.60 0.10 <0.001

Model 1. Independent variables include age, %dWC, and %dBMI. For model 2, independent variables included age and %dWC. Stndardized #

values are the estimates resulting from analysis performed on standardized variables.

heart disease or hypertension'. They found that
changes in WHR were associated with changes in total
cholesterol and triglycerides in men; however, statisti-
cal significance was lost after controlling for changes
in BML. On the other hand, after controlling for
changes in WHR, changes in BMI remained to be
associated with changes in total cholesterol and tri-
glycerides in both genders. Of note, even before con-
trolling for changes in BMI, WC change was not
found to be associated with either rotal cholesterol or
triglycerides in women. Wing e @l. concluded that
changes in WHR may not be independently related to
changes in cardiovascular risk factors. Pascale e al.
showed that in subjects participating in a year-long
weight loss program, weight loss, but not reductions
in WHR, was significantly related with improvements
in fasting glucose, fasting insulin, and HbALl, although
the magnitude of WHR reduction was strongly related
to the amount of weight lost especially in men 3,
Similar to Wing ez als study, the current study
indicated certain gender differences in the association
between WC change and lipid parameter change,
especially in the model not controlled for BMIL As
HDL-C and TG are closely related to insulin sensitiv-
ity, and thus visceral far mass, the closer relationship
of %dBMI than %dWC with %dHDL and %dTG

was rather unexpected. It is possible that WC mea-

surements may be less reliable than weight and height
measurements, which reduced the predictive power of
%dWC for lipid changes. The correlation between
%dWC and %dBMI was relatively weak, especially in
women. This finding may indicate that a loss (gain) of
BMI did not necessarily result in a loss (gain) in WC
over a one-year period, and that men appear to lose (or
gain) weight in their abdominal area more-readily than
women, which was consistent with previous observa-
tions* '3, The finding that %dWC did not predict
lipid changes independently of %dBMI may suggest
that changes in BMI might be a more reliable goal to
avoid adverse lipid changes than changes in WC.,

It has recently been demonstrated that measuring
both general and abdominal adiposity provides a bet-
ter assessment of the risk of death!®; therefore, we
cannot lessen the importance of reducing WC and
thus control visceral adiposity; in this sense, whether
percent changes in abdominal fat demonstrated by
computed tomography will have a greater impact on
serum lipid data than %dWC should be examined in
furure studies'?,

The current study has several potential limita-
tions. First, individuals who, for unknown reasons,
did not visit our institute in the second year were not
enrolled in the current study, which may cause some
bias. Second, we do not have sufficient information
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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 ecither 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 %dBML

Acknowledgements

The work was supported in part by a grant from
the Smoking Research Foundation, by Chiyoda
Mutual Life Foundation, by a St Luke’s Grant for the
Epidemiological Research, by Daiwa Securities Health
Foundation, a Gerontology Research Grant from Kowa
Life Science Foundation, the Foundation for Total
Health Promotion, the Gout Research Foundation of

Japan and Kurozumi Medical Foundation, and Grant-
in-Aid from the Ministry of Health, Labour, and Wel-

fare, Japan.

References

1) Anderson JW, Kendall CW, Jenkins DJ: Importance of
weight management in type 2 diabetes: review with meta-
analysis of clinical studies. ] Am Coll Nutr, 2003; 22:
331-339

2) Feldstein AC, Nichols GA, Smith DH, Stevens V], Bach-
man K, Rosales AG, Perrin N: Weight change in diabetes
and glycemic and blood pressure control. Diabetes Care,
2008; 31: 1960-1965

3) Hara M, Saitou E, Iwata E Okada T, Harada K: Waist-
to-height ratio is the best predictor of cardiovascular dis-
case risk factors in Japanese schoolchildren. J Atheroscler
Thromb, 2002; 9: 127-132

4) Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG,
Commerford P, Lang CC, Rumboldt Z, Onen CL, Lish-
eng L, Tanomsup S, Wangai P Jr, Razak E Sharma AM,
Anand SS: Obesity and the risk of myocardial infarction
in 27,000 participants from 52 countries: a case-control
study. Lancet, 2005; 366: 1640-1649

5) Kotani K, Shimohiro H, Adachi S, Sakane N: Non-high-
density lipoprotein cholesterol levels and recent involun-
tary weight gain among asymptomatic female subjects.

Clin Chem Lab Med, 2008; 46: 541-544

6) Kokubo Y, Okamura T, Yoshimasa Y, Miyamoto Y, Kawa-
nishi K, Kotani Y, Okayama A, Tomoike H: Impact of
metabolic syndrome components on the incidence of car-
diovascular disease in a general urban Japanese popula-
tion: the suita study. Hypertens Res, 2008; 31: 2027-2035

7) Norman JE, Bild D, Lewis CE, Liu K, West DS: The
impact of weight change on cardiovascular disease risk
factors in young black and white adults: the CARDIA
study. Int ] Obes Relat Metab Disord, 2003; 27: 369-376

8) Bonithon-Kopp C, Raison J, Courbon D, Bonhomme G,
Guy-Grand B, Ducimetitre P: Relationships between 3-y
longitudinal changes in body mass index, waist-to-hip
ratio, and metabolic variables in an acrive French female
population. Am ] Clin Nutr, 1992; 56: 475-482

9) Willtams PT: Changes in body weight and waist circum-
ference affect incident hypercholesterolemia during 7
years of follow-up. Obesity (Silver Spring), 2008; 16:
2163-2168

10) Bertrais S, Balkau B, Vol S, Forhan A, Calvet C, Marre M,
Eschwige E: Relationships between abdominal body far
distribution and cardiovascular risk factors: an explana-
tion for women'’s healthier cardiovascular risk profile. The
D.ES.IR. Swudy. Int ] Obes Relat Metab Disord, 1999;
23: 1085-1094

11) Balkau B, Picard B, Vol S, Fezeu L, Eschwége E: Conse-
quences of change in waist circumference on cardiometa-
bolic risk factors over 9 years: Dara from an Epidemiolog-
ical Study on the Insulin Resistance Syndrome (DESIR).
Diabetes Care, 2007; 30: 1901-1903

12) Wing RR, Jeffery RW, Burton LR, Thorsen C, Kuller
LH, Folsom AR: Change in waist-hip ratio with weight
loss and its association with change in cardiovascular risk
factors. Am ] Clin Nurg, 1992; 55: 1086-1092

13} Pascale RW, Wing RR, Blair EH, Harvey JR, Guare JC:
The effect of weight loss on change in waist-to-hip ratio
in patients with type I diabetes. Int ] Obes Relat Metab
Disord, 1992; 16: 59-65

14) Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze
MB, Overvad K, van der Schouw YT, Spencer E, Moons
KG, Tjenneland A, Halkjaer ], Jensen MK, Stegger ],
Clavel-Chapelon F, Boutron-Ruault MC, Chajes V, Lin-
seisen ], Kaaks R, Trichopoulou A, Trichopoulos D,
Bamia C, Sieri S, Palli D, Tumino R, Vineis P Panico S,
Peeters PH, May AM, Bueno-de-Mesquita HB, van Dui-
jnhoven FJ, Hallmans G, Weinehall L, Manjer ], Hedblad
B, Lund E, Agudo A, Arriola L, Barricarte A, Navarro C,
Martinez C, Quirés JR, Key T, Bingham S, Khaw KT,
Boffetta B Jenab M, Ferrari B Riboli E: General and
abdominal adiposity and risk of death in Europe. N Engl
J Med, 2008; 359: 2105-2120

15) Snell-Bergeon JK, Hokanson JE, Kinney GL, Dabelea D,
Ehdlich }, Eckel RH, Ogden L, Rewers M: Measurement
of abdominal fat by CT compared to waist circumference
and BMI in explaining the presence of coronary calcium.
Int ] Obes Relat Metab Disord, 2004; 28: 1594-1599

16) Mizuno O, Okamoto K, Sawada M, Mimura M, Warta-
nabe T, Morishita T: Obesity and smoking; relationship
with waist circumference and obesity-related disorders in
men undergoing a health screening, | Atheroscler Thromb,
2003; 12: 199-204



Original Paper

Kidney
Blood Pressure
Raseqrch DO 10.1159/000264233

Kidney Blood Press Res 2009;32:421-427

Received: April 6, 2009
Accepted: October 13, 2009
Published online: December 3, 2009

Impacts of Changes in Obesity
Parameters for the Prediction of Blood
Pressure Change in Japanese Individuals

Yuko Ishizaka®
Ryozo Nagai?

Nobukazu Ishizaka?
Minoru Yamakado®

Ei-lchi Toda“

Kazuhiko Koike?

Departments of >Cardiovascular Medicine and PInfectious Diseases, University of Tokyo Graduate Schoof
of Medicine, and “Center for Multiphasic Health Testing and Services, Mitsui Memorial Hospital, Tokyo, Japan

Key Words
Waist circumference + Body mass index + Blood pressure «
Health screening

Abstract

Aims and 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 (BMI) over a 1-year period
on systolic blood pressure {BPs). We termed WC, BMI, and
BPs at the first visit as WC1, BMI1, and BPs1, respectively, and
those at the second visit as WC2, BMIZ2, and BPs2, respective-
ly. The %dWC, %dBMI, and %dBPs was defined as (WC2 ~
WCH/WCT x 100, (BMI2 - BMIT)/BMIT X 100, and (BPs2 -
BPs1)/BPs1 x 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, BPs1, 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 =0 and %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 that a 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 réported
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, WCI, BMI1, and BPsl, respectively. Simi-
larly, WC, BMI, and BPs at visit 2 were designated WC2, BM12,
and BPs2, respectively. %dWC, %dBMI, and %dBPs were defined
as (WC2 - WC1)/WC1 X 100, (BMI2 - BMII)/BMI1 x 100, and
(BPs2 — BPs1)/BPsl 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 A 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 (€GFR) was calculated by the following equation:
eGFR = 194 X (serum creatinine)™ %™ x (age)%%" (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 (uU/ml)
X fasting plasma glucose (mg/d1)]/405 {14].

Statistical Analysis

Data are 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,
IIL,, 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 WC1
=90 cm was found in 71/1,114 women (6.4%), and a WCl1
=85 cmwas found in 183/1,114 men (16.4%). BM11 ranged
between13.1and39.4. ABMII =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-
cant in 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 I-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.

Ishizaka/Ishizaka/Toda/Koike/
Yamakado/Nagai



p < 0.001
p <0.01 p<0.05
5 L 5
3 3 p = 0.001

. g n=256 . 3 n =340

= (1) n=288 T g (1) n=600 |

. Tn=am1 "n=359 & "a=301 "n=

%LF T '% Lp 0T Tamsos
~3 -3
Fig. 1. Comparison of the age-adjusted - L L L L - S L L 2
%dBPs in four subgroups categorized ac- gb@ g)é\ §§ §§ §§ §,‘§ §§ §§
cording to the gain or loss of %dWC and IO &y ¥ o>
%dBMI values. p values were from the re- < < % o & <& r %
sult of the Tukey’s post-hoc analysis fol- . °§\ . § \§ & \,b& \§ \§ &
lowing analyses of variance. Mean * 95% ® ° ° * ° ° ° *
confidence interval is shown in each
group.
Table 1. Clinical characteristics and laboratory data at the first visit
Variables Whole %dBPs ‘ . p value
first (range: second (range:  third (range: fourth (range:
-40 ~ -7) ~7~0) +1 ~ +6) +6 ~ +52)

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%99 51.8+10.0 522%10.2 0.047
Height, cm 164.8+ 8.4 1645183 1652*8.5 164.7 £ 8.5 164.7+8.6 0.379
Weight, kg 61.8*+11.5 61.8+114 620116 6152113 61.8%11.7 0.883
BMI, kg/m? 22.6%3.0 22.7%30 22,6131 22.5%3.0 226%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 1209180 128.7%183 121.8+17.0 11851 16.7 1142+ 168 <0.001
Diastolic BP, mm Hg 76.4%11.4 793%11.3 76.8+10.9 75.5+11.0 73.7*11.5 <0.001
LDL cholesterol, mg/dl 129.2%31.1 13144315 128.3£29.5 127.1%£30.9 130.1 324 0.051
HDL cholesterol, mg/dl 61.2X153 60.8X15.0 61.8%15.7 61.4%15.6 60.7£15.0 - 0.465
Triglyceride, mg/dl 109.9+71.4 115.7+£69.9 104.7 £ 61.8 109.8 £81.0 110.1+73.4 0.030
Uric acid, mg/dl 54%1.3 54+1.3 55+1.3 54%1.4 55%14 0.688
Fasting glucose, mg/dl 95.2+20.0 96.8 £20.4 95.1%21.1 942%18.0 94.7£20.0 0.072
Hemoglobin A1C, % 53%07 53%0.7 53%0.7 53%07 53%07 0.506
HOMA-IR 1.5+1.1 lexll 1.5+1.1 14+ 1.0 15210 0.066
Blood urea nitrogen, mg/dl 14.0%3.4 13.8£3.7 14032 142134 14135 0.245
Serum creatinine, mg/dl 0.8%+03 0.8+0.4 0.8+0.2 0.8+0.2 0.8+02 0.764
Estimated glomerular filtration rate 6861118 68.3+11.4 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 (1.6) 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.
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Table 2. Pearson’s correlation coefficient of obesity indices and
blood pressure parameters

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

%dWC. %dBMI %dBPs WC1  BMI1 BPsl B "95% CI | - Standard- p value
s ' ized B
Women
%dWC Women
r - Model 1
p value - BPsl -0.23 -0.27to -0.20 -0.38 <0.001
%dBMI Agel 0.11 0.05t00.18 0.10 0.001
r 0.241 - WC1 0.11 0.03t00.19 0.09 0.005
p value <0.001 - %dWC 0.01 -0.06 to 0.09 0.01 0.733
%dBPs Model 2
r -0.014 0.097 - BPsl -0.24 -0.28t0 -0.21 -0.40 <0.001
p value 0.635 0.001 - BMI1 0.47 0.25 t0 0.70 0.13 <0.001
WCl1 Agel 0.13 0.07t0 0.19 0.12 <0.001
r -0.317 -0.053 -0.028 - %dBMI 0.34 0.15t0 0.53 0.10 0.001
pvalue <0001 0078 0350 - Model 3
BMI1 BPsl -0.24 -0.28to -0.21  -0.40 <0.001
r -0.026 -0.087 -0.029 0787 - BMI1 0.65 0.28t01.03 0.17 0.001
p value 0.393 0.004 0.331 <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 0.365 0409 - WCl1 -0.08 -0.21 t0 0.05 -0.06 0.244
p value 0.396 0.064 <0.001 <0.001 <0.001 - %dWC ~-0.08 -0.17 to 0.01 -0.06 0.071
Men Men
%dWC Model 1
r - BPst -0.22 -0.25t0 -0.19  -0.35 <0.001
pvalue - WCl1 0.15 0.08 to 0.22 0.11 <0.001
%dBMI1 %dWC 0.28 0.17t00.39 0.11 <0.001
r 0476 - Agel 0.02 -0.03 to 0.07 0.02 0.467
pvalue <0.001 - Model 2
%dBPs BPst -0.22 -0.25t0-0.19  -0.35 <0.001
r 0.116  0.232 - %dBMI 0.80 0.64 to 0.96 0.22 <0.001
pvalue <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
pvalue <0.001 <0.001 0.189 - BPs1 -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 0.04 to 0.72 0.10 0.027
p value 0.023  0.003 0.286 <0.001 - Agel 0.05 0.00 to 0.10 0.05 0.046
BPsl WC1 0.01 -0.11t00.14 0.01 0.845
r -0.090 -0.077 -0.327 0308 0322 - %dWC -0.03 ~0.16 to 0.11 -0.01 0.705
pvalue <0.001 0.001 <0.001 <0.001 <0.001 -

BPs = Systolic blood pressure; WC = waist circumference;
BMI = body mass index. BPs at visit I and visit 2 were designated
BPsl and BPs2, respectively. BMI 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 - BMILY
BMI1 x 100 (%), (WC2 ~ WC1)/WC1 x 100 (%), and (BPs2 -
BPs1)/BPsl X 100 (%), respectively.
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BPs = Systolic blood pressure; WC = waist circumference;
BMI = body mass index. Standardized § values are the estimates
resulting from an analysis performed on variables that were
standardized. BPs at visit 1 and visit 2 were designated BPs1 and
BPs2, respectively. BMI at visit 1 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, WC1, and
%dWC; model 2 = independent variables include age, BPs1, BMI1,
and %dBMI; model 3 = independent variables include model 1 +
BMI1, and %dBMIL

Ishizaka/Ishizaka/Toda/Koike/
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Multiple Linear Regression Analysis

In multiple regression analysis, in which agel, WCl,
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, BMI1, 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, BMIL, %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 BMI loss 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 %6 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
BMII =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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Abstract

Obesity increases the risk for chronic kidney disease (CKD).
By analyzing data on individuals who underwent general
health screening in two consecutive years, we investigated
whether changes in body mass index (BMI} or waist circum-
ference (WC) were associated with the appearance or disap-
pearance of the CKD components; micro-/macroalbumin-
uria (=30 mg urinary albumin per gram creatinine) and a
low estimated glomerular filtration rate (eGFR; <60 ml/
min/1.73 m?). Logistic regression analysis showed that in
men with micro-/macroalbuminuria at the first visit, a BMI
reduction of =0.42 or a WC reduction of =3.0 cm over the
1-year period resulted in a significantly reduced incident of
micro-/macroalbuminuria at the second visit. On the other
hand, a BMI gain of =0.33 over 1 year in men without mi-
cro-/macroalbuminuria and a low eGFR at the fist visit sig-
nificantly increased the incident of micro-/macroalbu-
minuria and a low eGFR, respectively, at the second visit.
These findings indicate that lowering the obesity indexes in
men with micro-/macroalbuminuria reduced the incidence
of this condition at the 1-year follow-up and that, on the con-

trary, an increase in BMI in men without micro-/macroalbu-
minuria and a low eGFR at the first examination increased
the risk of these conditions during the 1-year follow-up pe-

riod. Copyright © 2009 S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD), now recognized as a
potential risk factor for cardiovascular disease as well as
for end-stage renal disease [1], is a worldwide public
health problem [2]. Several cross-sectional and longitudi-
nal epidemiological studies showed that obesity may in-
crease the prevalence and incidence of CKD [3-8] and
end-stage renal disease [9], although there might be dif-
ferences according to gender and ethnicity [9-11]. How-
ever, fewer studies have investigated whether changes in
obesity indexes, such as body weight, body mass index
(BMI), and waist circumference (WC), are associated
with changes in CKD status [12-14]. In the current study,
we retrospectively analyzed data on individuals who un-
derwent general health screening at our institute for 2
consecutive years and investigated whether changes in
obesity indexes were associated with changes in CKD sta-
tus in these Japanese individuals,
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Subjects and Methods

Study Population

The study was approved by The Ethical Committee of Mitsui
Memorial Hospital. At our institution, 3,312 (1,203 women, 2,109
men) individuals underwent general health screening including
that on urinary albumin excretion between October 2005 and
October 2006 (first visit) and also in the subsequent year (second
visit). Among the 3,312 individuals, data on 2,861 (1,114 women,
1,747 men) who reported not taking anti-hypertensive drugs at
both visits were used for the present study. The mean * SD of the
interval between the two visits of the enrolled individuals by the
study subjects was 355 * 52 days. Individuals who were taking
antihypertensive medications were excluded from the analysis
because certain depressor drugs may affect renal function and the
extent of proteinuria [15, 16] and because the database did not in-
clude information on the class of drugs used. At the time of the
health examination, recommendations may have given to over-
weight or obese subjects to reduce body weight. However, in ana-
lyzing data for this study, there was no intention to examine which
strategies for weight control, if any, would have an impact on the
status of CKD during the follow-up.

In Japan, regular health check-ups for employees are legally
mandated; thus, the majority of these subjects did not have seri-
ous health problems. In addition, all or most of the costs of the
screening are usually paid by the company to which they belong
or by each subject. In addition, there are several courses in the
heath screening program; however, which to choose is up to each
individual, but not to physicians or company one belongs to.
Therefore, the study population is not considered to be enriched
for certain diseased condition.

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 uricacid was measured by the uricase-peroxidase method,
hemoglobin Ay was determined using the latex agglutination
immunoassay, and creatinine was determined by the enzymatic
method. Plasma glucose was measured by the hexokinase method
and serum insulin was measured by enzyme immunoassay.

Creatinine and urine albumin were measured by TBA-200FR
(Toshiba Medical Systems, Tochigi, Japan) and by Accute (Toshi-
ba Medical Systems), respectively, using commercially available
kits, Accuras Auto CRE (Shino-test, Tokyo, Japan) and IATRO
U-ALB by turbidimetric immunoassay (Mitsubishi Kagaku Iat-
ron, Tokyo, Japan), respectively. Serum creatinine was calibrated
using the following formula: serum creatinine (Jaffe method) =
0.2 + serum creatinine (enzyme method). Glomerular filtration
rate (GFR) was estimated by equations of the simplified version
of Modification of Diet in Renal Disease (MDRD) [17], where
0.881 is a coefficient for eGFR specitic to the Japanese population
[18}: estimated GFR (eGFR) for Japanese = 186.3 X (serum cre-
atinine) ' X (age)%?% x 0.881 x 0.742 (for females). eGFR
values <60 ml/min/1.73 m? were classified as low {19). For the di-
agnosis of micro-/macroalbuminuria, spot urine samples were
collected and analyzed; micro-/macroalbuminuria was defined
to be present when the urinary albumin excretion ratio (UAER),
expressed as milligrams per gram creatinine, was =30 mg/g.
Normoalbuminuria, microalbuminuria, and macroalbuminuria
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were defined as a UAER of <30, 30-299, and =300 mg/g, respec-
tively. Micro-/macroalbuminuria and a low eGFR were consid-
ered to be the components of CKD [19]. The ditference in BMl and
WC between the two visits was designated as ABMI and AWC,
respectively.

Statistical Analysis

Skewed variables (TG, UAER) are presented as median values
(interquartile range). Other data are expressed as the mean * SD
uniess stated otherwise. Analyses of variance, the Mann-Whitney
U test, x* tests, and logistic regression analysis were conducted as
appropriate to assess the statistical significance of differences be-
tween groups using computer software, Dr. SPSS I1 (Chicago, 11,
USA). A value of p < 0.05 was taken to be statistically signifi-
cant,

Results

Baseline Characteristics

The mean * SD age of the individuals enrolled was
52.0 * 10.1 years at the first visit (table 1). Of the 88 fe-
males and 149 males with micro-/macroalbuminuria, 83
and 134, respectively, had microalbuminuria and 5 and
15, respectively, had macroalbuminuria.

Changes in BMI and WC Values between the

Two Visits

The mean BMI at the second visit was slightly lower
than that at the first visit (p < 0.001, by paired t test) in
men, but did not differ significantly in women. The mean
WC at the second visit was slightly larger than that at the
first visit (p <0.001, by paired t test) in women and small-
er (p < 0.001, by paired t test) in men. In this study, we
calculated quartiles of WC or BMI by taking into the en-
tire population. Ranges for each quartile for ABMI and
AWC are shown in table 2. About half of the subjects had
adecreased WC value at the second visit. The correlation
coefficient between the first-visit BMI and ABMI was
-0.09 (p = 0.010) in women and -0.09 (p = 0.002) in
men, and that between the first-visit WC and AWC was
-0.31 in women (p < 0.001) and -0.28 (p < 0.001) in men.

Changes in the Prevalence of Micro-/

Macroalbuminuria and a Low eGFR

between the Two Visits

Figure 1 shows the number of subjects with micro-/
macroalbuminuria and a low eGFR at the first and sec-
ond visits. Of those with micro-/macroalbuminuria at
the first visit, 34% did not have micro-/macroalbumin-
uria at the second visit, but 4% of subjects who did not
have micro-/macroalbuminuria at the first visit had de-
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Table 1. Clinical characteristics and laboratory data

Variables Women (n = 1,114) Men (n = 1,747)

Visit 1 Visit 2 Visit 1 Visit 2
Age, years 51.3%99 52.3%£99 52.5%10.1 53.4%10.1
Height, cm 157.1*5.7 157178 169.7+5.9 169.7£59
Weight, kg 523x77 523%78 67.8%£9.2 67.6%X93
BMI 21.2%29 21.2%29 23.5*27 23.5%28
ABMI - 0007 - ~0.1+0.7
WC, cm 76.2 8.6 76989 853%75 85.0%74
AWC, cm - 0.7+6.0 - -0.3£38
Systolic BP, mm Hg 11618 11518 12417 124£18
Diastolic BP, mm Hg 72%11 72+11 79%11 79%11
Total cholesterol, mg/dl 217£36 215%34 210232 207 %31
LDL-cholesterol, mg/dl 130+30 127%30 128+32 126 £31
HDL-cholesterol, mg/dl 6914 6814 56*14 5613
TG, mg/dl 84+46 84142 127 £ 80 126+ 101
TG, median (interquartile range) 74 (55-99) 74 (54-101) 107 (77-152) 102 (74-144)
Uric acid, mg/dl 45%0.9 45%09 6.1+1.2 6.0+12
Fasting glucose, mg/dl 90£17 91x 14 9821 99%20
Hemoglobin A,¢, % 52%0.6 52%05 54%0.8 55+0.7
Antidiabetic medication, n (%) 5(0.4) 9(0.8) 46 (2.6) 58 (3.3)
Blood urea nitrogen, mg/dl 13.4%3.2 13.6x3.3 144+3.5 14.5+35
Serum creatinine, mg/dl 0.63£0.09 0.62+0.09 0.8610.28 0.84+0.30
UAER, median (interquartile range) 7.5(5.1-12.2) 7.9(5.4-13.1) 5.2 (3.7-10.0) 5.6 (3.9-10.7)
UAER 230 mg/g Cr, n (%) 88(7.9) 91 (8.2) 149 (8.5) 165 (9.4)
¢GFR, ml/min/1.73 m? 695193 70.1£9.2 70.9+10.0 71.8+102
Low eGFR, n (%) 155 (13.9) 138 (12.4) 212 (13.1) 201 (11.5)
Current smoker 99 (8.9) 93 (8.3) 581 (33.3) 542 (31.0)

Data are means * SD, median (interquartile range), n, or percentage. BMI = Body mass index; WC = waist circumference; BP =
blood pressure; TG = triglycerides; UAER = urinary albumin excretion rate; eGFR = estimated glomerular filtration rate.

Table 2. Range for each quartile of ABMI and AWC

Q1 Q2 Q3 Q4
ABMI -5.33/-0.42 (-0.75) -0.41/-0.04 (-0.21) -0.04/0.32 (0.13) 0.33/3.67 (0.62)
AWC, cm -21.0/-3.0 (-5.0) -2.9/-0.1 (-1.5) 0.0/2.7 (1.0) 2.8/23.0 (5.0)

BMI = Body mass index; WC = waist circumference. Medians are given in parentheses.

veloped micro-/macroalbuminuria at the second visit
(fig. 1a,b). Of individuals who had a low eGFR at the first
visit, 28% did not have a low eGFR at the second visit,
but alternatively, 3% of individuals who did not have a
low eGER at the first visit had a low eGFR at the second
visit.

Changes in Obesity Parameters and in
CKD Status

Association between Changes in BMI or WC and

Albuminuric Status

Next, we investigated whether decreases in BMI and
WC values were associated with changes in CKD status
(fig. 2a, b). Logistic regression analysis adjusted for age,
systolic blood pressure, HDL- and LDL-cholesterol, fast-
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Fig. 1. Flow chart showing the number of men without micro-/macroalbuminuria or a low eGFR at the times

of visit 1 and visit 2. a Men. b Women.
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Table 3. Logistic regression analysis with the lowest Awaist circumference or Abody mass index quartile as an
independent variable and micro-/macroalbuminuria at the second visit as a dependent variable in individuals
with micro-/macroalbuminuria at the first visit

Variables Age adjusted Multivariate adjusted*
OR (95% CI) p value OR (95% CI) p value

Male (n = 149)

AWC-Q2,Q3, Q4 1.00 - 1.00 -

AWC-Q1 0.36 (0.16-0.80) 0.012 0.31 (0.13-0.73) 0.007
Female (n = 88)

AWC-Q2, Q3, Q4 1.00 - 1.00 -

AWC-Q1 1.20 (0.41-3.53) 0.735 1.01 (0.33-3.14) 0.987
Male (n = 149)

ABMI-Q2, Q3, Q4 1.00 - 1.00 -

ABMI-Q1 0.37 (0.16-0.84) 0.018 0.36 (0.15-0.84) 0.018
Female (n = 88)

ABMI-Q2, Q3, Q4 1.00 - 1.00 -

ABMI-Q1 0.51 (0.17-1.54) 0.232 0.52 (0.16-1.74) 0.289

BMI = Body mass index; WC = waist circumference.
* Multivariate adjusted: Adjusted for age, systolic blood pressure, HDL-cholesterol, LDL-cholesterol, fasting

plasma glucose, and smoking status.

ing plasma glucose, and smoking status showed that,
compared with the higher three ABMI quartiles, the low-
est ABMI quartile (=0.42 reduction) was associated with
a significantly lower risk for micro-/macroalbuminuria at
the second visit in men who had micro-/macroalbumin-
uria at the first visit (table 3). Similarly, compared with
the higher three AWC quartiles, the lowest AWC quartile
(=3.0 cm reduction) was associated with significantly
lower risk for micro-/macroalbuminuria at the second
visit in men who had micro-/macroalbuminuria at the
first visit. In contrast, in women, who had micro-/macro-
albuminuria at the first visit, neither a =0.42 reduction
in BMI nor a =3.0-cm reduction in WC significantly re-
duced the prevalence of micro-/macroalbuminuria at the
second visit. Compared with the lower three ABMI quar-
tiles, the highest ABMI quartile (=0.33 gain) was associ-
ated with a significantly higher risk for micro-/macroal-
buminuria at the second visit in men who did not have
micro-/macroalbuminuria at the first visit (table 4).

Association between Changes in BMI or WC and a

Low eGFR Status

Compared with the lower three quartiles, the highest
ABMI quartile (=0.33 gain) was associated with a sig-
nificantly higher risk for a low eGFR at the second visit

Changes in Obesity Parameters and in
CKD Status

in men who did not have a low eGFR at the first visit (ta-
bles 5-6). The lowest quartile of either ABMTor AWC was
not associated with reduced risk for a low eGFR at the
second visit in those who had a low eGER at the first vis-
it in either gender.

Discussion

In the current study, we demonstrated that a WC re-
duction of =2.8 cm or a BMI reduction of =0.42 over a
period of one year in men with micro-/macroalbuminuria
at the first visit significantly reduced the risk for micro-/
macroalbuminuria at the second visit (OR 0.31, 95% CI
0.13-0.73 and OR 0.36, 95% CI 0.15-0.84, respectively),
after multivariate adjustment. On the other hand,
a BMI gain of =0.33 over one year in men without mi-
cro-/macroalbuminuria or a low eGFR at the first visit
significantly increased the risk at these conditions at the
second visit (OR 2.50, 95% CI 1.44~4.37 and OR 1.94, 95%
CI 1.04-3.61, respectively). Neither of these associations
reached statistical significance in women. These data col-
lectively suggest that the albuminuric status may be al-
tered when men with micro-/macroalbuminuria have a
substantial decrease in WC or BMI, and, in reverse, the
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Table 4. Logistic regression analysis with the highest Awaist circumference or Abody mass index quartile as an
independent variable and micro-/macroalbuminuria at the second visit as a dependent variable in individuals
without micro-/macroalbuminuria at the first visit

Variables Age adjusted Multivariate adjusted”
OR (95% CI) p value OR (95% CI) p value

Male (n = 1,598)

AWC-QL,Q2, Q3 1.00 - 1.00 -

AWC-Q4 . 1.52 (0.83-2.78) 0.177 1.62 (0.88-2.99) 0.120
Female (n = 1,026)

AWC-Q1,Q2,Q3 1.00 - 1.00 -

AWC-Q4 0.87 (0.44-1.69) 0.674 0.87 (0.44-1.70) 0.677
Male (n = 1,598)

ABMI-QI, Q2, Q3 1.00 - 1.00 -

ABMI-Q4 2.41 (1.39-4.19) 0.002 2.50 (1.44-4.37) 0.001
Female (n = 1,026)

ABMI-QI, Q2, Q3 1.00 - 1.00

ABMI-Q4 0.57 (0.25-1.31) 0.185 0.60 (0.26-1.37) 0.221

BMI = Body mass index; WC = waist circamference.
* Multivariate adjusted: Adjusted for age, systolic blood pressure, HDL-cholesterol, LDL-cholesterol, fasting
plasma glucose, and smoking status,

Table 5. Logistic regression analysis with the lowest Awaist circumference or Abody mass index quartile as an
independent variable and a low eGFR at the second visit as a dependent variable in individuals with a low e GFR

at the first visit

Variables Age adjusted Multivariate adjusted®
OR (95% CI) p value OR (95% CI) p value

Male (n = 212)

AWC-Q2,Q3,Q4 1.00 1.00 -

AWC-Q1 1.39 (0.68-2.88) 0.369 1.33 (0.63-2.80) 0.454
Female (n = 155)

AWC-Q2, Q3, Q4 1.00 - 1.00 -

AWC-Q1 0.84 (0.38-1.85) 0.664 0.90 (0.39-2.08) 0.808
Male (n =212)

ABMI-Q2, Q3, Q4 1.00 - 1.00 -

ABMI-QI 1.60 (0.80-3.23) 0.185 1.49 (0.73-3.04) 0.276
Female (n = 155)

ABMI-Q2, Q3, Q4 1.00 - 1.00 -

ABMI-Q1 0.73 (0.30-1.81) 0.500 0.91 (0.34-2.38) 0.833

BMI = Body mass index; WC = waist circumference.
* Multivariate adjusted: Adjusted for age, systolic blood pressure, HDL-cholesterol, LDL-cholesterol, fasting
plasma glucose, and smoking status.

146

Kidney Blood Press Res 2009;32:141-149

Ishizaka/Ishizaka/Tani/Toda/Toda/
Koike/Nagai/Yamakado



Table 6. Logistic regression analysis with the highest Awaist circumference or Abody mass index quartileasan
independent variable and a low eGFR at the second visit as a dependent variable in individuals without a low

eGFR at the first visit

Variables Age adjusted Multivariate adjusted*
OR (95% CI) p value OR (95% CI) p value

Male (n = 1,535)

AWC-Q1,Q2,Q3 1.00 - 1.00 -

AWC-Q4 0.84 (0.39-1.83) 0.667 0.88 (0.40-1.91) 0.737
Female (n = 959)

AWC-Q1,Q2,Q3 1.00 - 1.00 _

AWC-Q4 1.30 (0.60-2.86) 0.508 1.37 (0.62-3.03) 0.432
Male (n =1,535)

ABMI-Q1, Q2, Q3 1.00 - 1.00 -

ABMI-Q4 1.98 (1.07-3.66) 0.030 1.94 (1.04-3.61) 0.037
Female (n = 959)

ABMI-Q1,Q2,Q3 1.00 - 1.00 -

ABMI-Q4 1.22 (0.53-2.83) 0.644 1.23 (0.53-2.89) 0.631

BMI = Body mass index; WC = waist circumference.
* Multivariate adjusted: Adjusted for age, systolic blood pressure, HDL-cholesterol, LDL-cholesterol, fasting

plasma glucose, and smoking status.

status of albuminuria or a low eGFR may be altered when
men without micro-/macroalbuminuria or a low eGFR,
respectively, gain BMI substantially, although such a rela-
tionship was not apparent in female subjects. Future stud-
ies should be directed toward elucidating whether these
observed gender differences were, in part, due to the
greater prevalence of other risk factors, such as increased
blood pressure, elevated fasting glucose levels, and re-
duced insulin sensitivity [20, 21}, in men than in women.
Several studies have investigated the possible associa-
tion between the obesity index and CKD. A high BMI has
been reported to be associated with CKD [6, 10, 11]. Chou
et al. [22] reported that in elder Taiwanese, the waist-hip
ratio, body weight and WC, but not BMI, were predictors
of a low eGFR, and that among these predictors, the
waist-hip ratio may be the best anthropometric index for
predicting a low eGFR. Foster et al. [23] showed that the
association between obesity with an increased risk of de-
veloping stage 3 CKD was not independent, but was con-
founded by other cardiovascular disease risk factors.
These findings suggest that the mode of association be-
tween certain obesity index and CKD might differ ac-
cording to the study design and population studied.
Whether changes in obesity parameters would result
in changes in CKD status has also been investigated in

Changes in Obesity Parameters and in
CKD Status

several previous studies. Changes in body weight were
found to be associated with parallel changes in albumin-
uria in 6,894 participants of the Prevention of Renal and
Vascular End-Stage Disease (PREVEND) study during
a 4.2-year follow-up period [12]. In addition, moderate
weight loss induced by a hypocaloric and normoprotein-
ic diet in overweight patients with chronic proteinuria
resulted in a significant decrease in proteinuria {13]. Fur-
thermore, weight loss induced by an inhibitor of gastro-
intestinal lipase was associated with the reduction of uri-
nary albumin excretion [14]. Therefore, most, if not all,
studies showed that body weight reduction in overweight
subjects resulted in a reduction of proteinuria, which was
in agreement with the observation in the current study.
Compared to the association between changes in obesity
parameters and proteinuria, fewer numbers of studies
have analyzed the relationship between change in body
weight and change in eGFR. In the above-mentioned
analysis in the PREVEND study, weight loss or gain did
not significantly bring about a change in GFR {12]. Other
studies showed that GFR was decreased after weight loss
in extremely obese patients, presumably by the mecha-
nisms of amelioration of obesity-associated hyperfiltra-
tion [24, 25). In the current study, BMI gain of =0.33 was
associated with a significantly higher risk for a low eGFR
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at the second visit in men, but not in women, who were
free from a low eGFR at the first visit. Taking all these
results together, it is suggested that the relationship be-
tween weight loss and GFR change may also differ ac-
cording to the target population. Interestingly, high BMI
is known to be associated with better survival in dialysis
patients [26] designated as a risk factor paradox [27].
The current study has several limitations. First, we ret-
rospectively analyzed data on individuals who under-
went general health screening at our institute in two con-
secutive years; therefore, individuals who did not visit
our institute the following year for unknown reasons
were not enrolled in the current study, which may cause
some biases. Second, we excluded subjects those who
were taking anti-hypertensive agents during either visit.
This may have excluded from the study population some
hypertensive subjects with proteinuria. Whether or nota
body weight change results in a change in CKD status in
such hypertensive individuals is nonetheless an impor-
tant question. However, we do not have data on which
class of anti-hypertensive agents had been used, which
might affect the development, amelioration or elimina-
tion of CKD. Third, we used the MDRD equation for the
estimation of GFR, which may result in a certain degree
of inaccuracy. In addition, changes in weight will be af-
fected not only by the changes in fat mass, but also those
in muscle mass, and eGFR determined by MDRD for-
mula is also highly dependent on muscle mass, as this
formula takes only serum creatinine into account. We
have to be careful in interpreting the results of the current
study, as changes in muscle mass will lead to bias when
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assessing the association between obesity parameters and
eGFR. Fourth, our findings may not be immediately ap-
plicable to non-Japanese populations, as the GFR esti-
mated using serum creatinine is again more than slightly
affected by muscle mass.

In conclusion, a BMI reduction of =0.42 or a WC re-
duction of =23.0 cm over a 1-year period in men with mi-
cro-/macroalbuminuria at the first visit significantly
reduced the risk for micro-/macroalbuminuria at the
second visit, and a BMI gain of =0.33 over a period of a
year in men without micro-/macroalbuminuria or a low
eGFR at the first visit significantly increased the risk for
micro-/macroalbuminuria or a low eGFR during the 1-
year follow-up. Such associations were not statistically
significant in female subjects. Our data indicated that re-
ducing body weight in overweight/obese men with mi-
cro-/macroalbuminuria and that maintaining an ideal
body weight in non-overweight men without micro-/
macroalbuminuria or alow eGFR are both important tar-
gets of lifestyle in terms of renoprotection.
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Announcement

The Verband Deutsche Nierenzentren e.V.
{Association of German Nephrology Centers)
Announces the Bernd Tersteegen Award 2009

Dr. Bernd Tersteegen, the founder of the Verband Deutsche
Nierenzentren (DN) eV., was dedicated to the improvement of
outpatient treatment modalities in end-stage renal disease. Spe-
cifically, he focused on further technical development of hemodi-
alysis. The Bernd Tersteegen award was established following Dr.
Tersteegen’s death in 1995. The prize is awarded internationally
both for basic and particularly for clinical research related to
chronic renal insufficiency and to advances in the treatment of
end-stage renal disease.

The annual award of EUR 8,000 is provided by Roche Pharma
AG (Grenzach, Germany). The award is usually given to a single
applicant but may be shared under certain circumstances. Appli-
cants should be physicians, rescarchers or engineers who are in-
volved in research in the area of renal failure and renal replace-
ment therapy. Only research papers that have been published in
2008 or 2009 or have not yet been published are suitable for sub-
mission. Papers should be written in German or English. Review

Changes in Obesity Parameters and in
CKD Status

articles, dissertations, university habilitation works and man-
uscripts already entered in other competitions may not be sub-
mitted.

Five copies of the work must be submitted by July 15, 2009, to
the following address:

Verband Deutsche Nierenzentren (DN) eV,
Priv. Doz. Dr. med. Werner Kleophas, President
Kleine Klotzbahn 23

DE-42105 Wuppertal (Germany)

The members of the prize committee are chosen by the execu-
tive board of the DN. The president of the DN serves as chairman
of the committee.

In the case in which no work is found suitable for the award,
the prize money is carried over to the following year. An appeal
is not allowed.

The award will be conferred at the Annual Meeting of the As-
sociation of German Nephrology Centers of the DN in Mannheim,
Germany, on November 21, 2009. The presence of the award win-
ner at the award ceremony is required. The award winner will be
informed in due time.
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Adipose tissue-derived stem cells inhibit neointimal formation in a paracrine

fashion in rat femoral artery
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Takahashi M, Suzuki E, Oba S, Nishimatsu H, Kimura K,
Nagano T, Nagai R, Hirata Y. Adipose tissue-derived stem cells
inhibit ncointimal formation in a paracrinc fashion in rat femoral
artery. Am J Physiol Heart Circ Physiol 298: H415-H423, 2010. First
published November 25, 2009; doi:10.1152/ajpheart.00391.2009.—
Subcutaneous adipose tissue contains a lot of stem cells [adipose-
derived stem cells (ASCs)] that can differentiate into a variety of cell
lincages. In this study, we isolated ASCs from Wistar rats and
examined whether ASCs would efficiently differentiate into vascular
endothelial cells (ECs) in vitro, We also administered ASCs in a wire
injury model of rat femoral artery and examined their effects. ASCs
expressed CD29 and CD90, but not CD34, suggesting that ASCs
resemble bone marrow-derived mesenchymal stem cells. When in-
duced to differentiate into ECs with endothelial growth medium
(EGM), ASCs expressed Flt-1, but not Flk-1 or mature EC markers
such as CD31 and vascular endothelial cadherin. ASCs produced
angiopoietin-1 when they were cultured in EGM. ASCs stimulated the
migration of EC, as assessed by chemotaxis assay. When ASCs that
were cultured in EGM were injected in the femoral artery, the ASCs
potently and significantly inhibited neointimal formation without
being integrated in the endothelial layer. EGM-treated ASCs signifi-
cantly suppressed neointimal formation even when they were admin-
istered from the adventitial side. ASC administration significantly
promoted endothelial repair. These results suggested that although
ASCs appear to have little capacity to differentiate into mature ECs,
ASCs have the potential to secrete paracrine factors that stimulate
endothelial repair. Our results also suggested that ASCs inhibited
neointimal formation via their paracrine effect of stimulation of EC
migration in situ rather than the direct integration into the endothelial
layer.

vascular endothelial cells; endothelial repair

CELL-BASED THERAPY HAS BEEN recently applied to the field of
cardiovascular medicine. Among a variety of stem or progen-
itor cells that can be used for regeneration of heart and blood
vessels, endothelial progenitor cells (EPCs) and bone marrow-
derived mesenchymal stem cells (BMMSCs) are the ones that
are most popularly used in this field. Although EPCs were
originally isolated from human peripheral blood using the
hematopoietic stem cell marker CD34 for positive selection,
they are believed to reside mainly in the bone marrow (1, 19).
EPCs can differentiate into vascular endothelial cells (ECs) in
vitro and stimulate angiogenesis in vivo through integration in
the endothelial layer of new forming capillaries (1). EPCs that
are induced to differentiate into ECs are engrafted in the
endothelial layer and inhibit neointimal formation via stimula-
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tion of EC regeneration (5). EPCs that are differentiated into
ECs also form the endothelial layer on the surface of prosthetic
grafts (5). BMMSCs have the potential to differentiate into
mesenchymal tissues such as bone, cartilage, fat, and muscle
(14). In addition to their capacity to differentiate into mesen-
chymal tissues, CD34-negative BMMSCs have been shown to
differentiate into ECs (13). Furthermore, BMMSCs reportedly
secrete paracrine factors that potentially stimulate angiogenesis
(10). Bone marrow-derived cells have been used clinically to
treat cardiovascular diseases and have turned out to be useful
in some reports (22, 24). The problem in the clinical applica-
tion of EPCs and BMMSC:s is that bone marrow aspiration is
usually necessary to prepare EPCs and BMMSCs. This proce-
dure is somewhat painful for patients.

Recently, subcutaneous adipose tissue has been drawing
much attention, because it contains a lot of mesenchymal stem
cells that potentially differentiate into a variety of cell lineages
including adipocytes, chondrocytes, osteocytes, and skeletal
muscle (4). If these mesenchymal stem cells are useful for the
regeneration of heart and blood vessels, adipose tissue will be
a promising source of stem cells in the field of cardiovascular
medicine, because it is easy to collect by local anesthesia. In
fact, it has been reported that adipose-derived stem cells
(ASCs) stimulate angiogenesis in the mouse hindlimb ischemia
model (9, 11, 15, 16). However, the mechanism by which
ASCs stimulate angiogenesis remains to be debated. ASCs
promoted angiogenesis by being engrafted in the endothelial
layer and stimulating neovascular formation (9, 15) or by
producing angiogenesis-stimulating factors without integration
into the endothelial layer (11). It also remains controversial
whether ASCs can efficiently differentiate into ECs in vitro.
Furthermore, it remains unclear whether ASCs can be effi-
ciently integrated in the endothelial layer and inhibit neointi-
mal formation.

In this study, we isolated ASCs from Wistar rats and exam-
ined whether ASCs would efficiently differentiate into ECs in
vitro. We also examined whether ASCs would be engrafted in
the endothelial layer and inhibit neointimal formation using a
wire injury model of the rat femoral artery.

MATERIALS AND METHODS

Reagents. Anti-CD34, anti-vascular endothelial (VE)-cadherin, anti-
Flk-1, anti-Fit-1, and anti-proliferating cell nuclear antigen (PCNA)
antibodies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Anti-CD3] antibody was obtained from ABR Affinity
BioReagents (Golden, CO). Anti-CD29-FITC antibody was pur-
chased from BioLegend (San Diego, CA). Anti-CD90 antibody was
obtained from AbD Serotec (Oxford, UK). Anti-angiopoietin-1
(Ang-1) antibody was purchased from Abcam (Cambridge, MA), and
human Ang-1 was obtained from R&D Systems (Minneapolis, MN).
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Table 1. Primers used for real-time PCR analysis

S-TCTTTATTGTGCACTGCAGATAGAAA-3'
5'-GGACCGATGTTGCCTGTGA-3'
5'-TCGCCAGAAGTCGTATGGTTAA-Y
5'-GCACCGAATAGCGAGCAGAT-3’
5'-GGCGTCCTGTCCGGAATC-3'
5'-AGAACTCCTGCACAGTGACGTATT-3’
5'-GGTGAAGAAAGAAGAGGCAGACA-3’
5'-CGTAGCCGTAGATGTGCAGTGT-3'
5'-GAGGAAAGGGAAAGGGTCAAAA-3'
5’-CACAGTGAACGCTCCAGGATT-3'
5'-GTCAAAGCTACAGCTCCAAGCAGAA-3'
5'-AGGTACCGGTTCGCACACA-3’
5'-CAGGAGGTTGGTGGTTTGATG-3'
5'-TTTGCCCTGCAGTGTAGAACATT-3'
5'-CAATCCAGAGGTACGCTAGCGAA-Y
5'-TTTCACCGTTGCAGGTCATG-3'
5'-CCTACAAAGTCAGCTCGTTCCA-3
5'-TCCTTCTGAGTCTTGGGCATGT-3'
5'-GTATGACTCTACCCACGGCAAGT-Y
5'-TTCCCGT'TGATGACCAGCTT-3'

Rat Fik1 sense

Rat Flk{ antisense
Rat Fitl sense

Rat Fitl antisense

Rat CD31 sense

Rat CD3I antisense
Rat VE-Cad sense
Rat VE-Cad antisense
Rat VEGF-A sense
Rat VEGF-A antisense
Rat bFGFsense

Rat bFGF antisense
Rat Ang-1 sense

Rat Ang-1 antisense
Rat HGF sense

Rat HGF antisense
Rat IGE-1 sense

Rat IGF-1 antisense
Rat GAPDH sense
Rat GAPDH antisense

VE-Cad, vascular endothelial cadherin; bFGF, basic fibroblast growth fac-
tor: Ang-1, angiopoietin-1; HGF, hepatocyte growth factor,

Cell culture. ASCs were cualtured from male Wistar rats as previ-
ously reported with slight modification (15). In brief, inguinal subcu-
taneous adipose tissue was excised and minced in phosphate-buffered
saline (PBS) on ice. The minced tissue was then digested at 37°C for
[ h in PBS containing 2% bovine serum albumin and 2 mg/mi
collagenase (Sigma, St. Louis, MO). The digested tissue was filtered
through a 100-pm nylon mesh and centrifuged at 600 g for 10 min.
After lysis of red blood cells in 1X lysis buffer containing (in mM)
154 NH,CI, 14 NaHCO;, and 0.1 EDTA (pH 7.3), the pellets were
plated in [00-mm dishes at a density of 30,000 cells/cm?® in a I:1
mixture of Dulbecco's modified Eagle’s medium (DMEM) and F12

ASCs AS A TOOL FOR PREVENTING VASCULAR RESTENOSIS

medium containing 10% fetal bovine serum (FBS). Six hours after the
cells were plated, the medium was changed to remove nonadherent
cells. The adherent cells were cultured in DMEM-F12-10% FBS and
split several times to expand the cells. Passages 2 10 3 were used for
the experiments. To induce differentiation into ECs, ASCs were
cultured in endothelial growth medium-2MV (EGM: Lonza Walkers-
ville, Walkersvilie, MD) on fibronectin-coated dishes. EGM consists
of endothelial basal medium-2 (Lonza Walkersville) containing 5%
FBS plus growth factors such as epidermal growth factor, hydrocor-
tisone, vascular endothelial growth factor (VEGF)-A, basic fibroblast
growth factor (bFGF), and insulin-like growth factor (IGF)-1, ASCs
were also cultured on fibronectin-coated dishes in endothelial basal
medium-2 containing 5% FBS (EBM) as the negative control. Human
umbilical vein ECs (HUVECs) were purchased from Sanko-Junyaku
(Tokyo, Japan) and cultured using HuMedia-EG (Kurabo, Osaka,
Japan). Rat vascular smooth muscle cells (VSMCs) were cultured
from rat thoracic aortas following the explant method, as previously
described (17), and maintained in DMEM containing 10% FBS.
NRK-52E cells, a cell line derived from rat renal tubular cells, were
cultured in DMEM containing 5% FBS.

Flow cvtometry. Cultured ASCs were trypsinized and incubated in
a blocking buffer (PBS-containing 3% FBS) for 30 min on ice.
Approximately 5 X 10° cells were incubated with primary antibodies
reactive to CD34, VE-cadherin, CD29, CD90, or isotype-matched
control IgGs. After being washed, the cells were incubated with
secondary antibodies coupled with FITC, when the primary antibodies
were unlabeled. Following the wash, samples were analyzed with an
EPICS XL flow cytometer (Beckman Coulter, Fullerton, CA).

RNA extraction and real-time PCR. Total RNA was extracted using
TRIzol reagent (Gibco, Rockville, MD) according to the instructions
provided by the manufacturer, Total RNA was subjected to reverse
transcription using an Omniscript RT kit (Qiagen, Tokyo, Japan). The
expression of a variety of genes including Flk-1, Flt-1, CD31, VE-
cadherin, VEGF-A, bFGF, Ang-1, hepatocyte growth factor (HGF),
IGF-1, and glyceraldehyde-3-phosphate dehydrogenase was examined
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expressions in adipose-derived stem cells (ASCs). Spe- Fl I ; Fl Intensit
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herin (VE-Cad), CD29, and CD30 (black-filled area) CD34 VE-Cad
and nonspecific fluorescence derived from their isotype i
matched control IgGs (gray-filled area) are shown,
Shown are representative results of 3 independent ex-
periments.
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