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Atherosclerosis is a serious complication in patients undergoing chronic hemodialysis. The serum levels of
adiponectin to the risk of development of arterial sclerosis and its treatment have not yet been fully clarified in
hemodialysis patients.

The present study was undertaken to examine the relationship between atherosclerosis and the serum lev-
els of adiponectin in hemodialysis patients. The subjects were 25 males and 24 females who had been undergoing
chronic hemodialysis at our facility.

Simple regression analysis revealed a significantly negative correlation between the brachial ankle pulse
wave velocity (haPWV) and the serum adiponectin level (r = —0.43, p = 0.003). Stepwise multiple regression analy-
sis revealed the serum adiponectin level and age as major factors determining the baPWV. To analyze the rela-
tionship between the serum levels of adiponectin and various parameters of atherosclerosis, the serum adi-
ponectin levels in the patients were divided into tertiles, low group, medium group, and high group. Observation
of the changes of the baPWV over one year revealed that the value increased significantly in the low group as
compared with that in the patients with values in the high group and medium group. Development of cardiovas-
cular disease was observed only in the patients with serum adiponectin levels in the low group.

The results of this study indicate that serum adiponectin are important factors determining the rate of pro-
gression of atherosclerosis in chronic hemodialysis patients.
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Introduction

It has been shown that the multiple risk factor
syndrome, characterized by the coexistence of mul-
tiple risk factors (abnormal glucose tolerance, hy-
perlipidemia, hypertension, etc.), plays a significant
role in the onset of atherosclerotic diseases. The Na-
tional Cholesterol Education Program (NECP) and
WHO concepts of metabolic syndrome were pro-
posed for use in diagnosing this condition, and also
have proposed criteria for the diagnosis of this con-
dition"?. This syndrome is not simply an incidental
accumulation of multiple factors, but has rather
been shown to involve visceral fat accumulation in
the upstream pathway”*.

Metabolic syndrome serves as a firm basis for

atherosclerosis because accumulation of visceral fat
causes not only the coexistence of multiple risk fac-
tors but also secretion of adipocytokines related di-
rectly to the onset of atherosclerotic disease”.
Adiponectin is an adipocytokine of fat-cell origin
which exerts anti-atherosclerotic and antidiabetic
activities, whose level decreases with visceral fat
accumulation®. Adiponectin exerts anti-athero-
sclerotic activity through its direct actions on the
blood vessels. Adiponectin is also known to be in-
volved in ameliorating resistance to insulin, and to
exhibit anti-inflammatory activity and antihyper-
tensive activity through stimulation of tissue fat ca-
tabolism”™, It has been reported that healthy indi-
viduals with high serum adiponectin levels are sig-
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nificantly less likely to die of future cardiovascular
diseases'". Atherosclerosis is a serious complica-
tion in patients undergoing hemodialysis™”". Cere-
brovascular and coronary artery diseases are lead-
ing causes of death in hemodialysis patients, al-
though the serum adiponectin levels are higher in

¥ How-

these patients than in healthy individuals
ever, the relationships of visceral fat accumulation
and the serum adiponectin levels to the risk of de-
velopment of arterial sclerosis and its treatment
have not yet been fully clarified in hemodialysis pa-
tients in the multiple arteriosclerotic disease devel-
oping prior to the introduction of hemodialysis.

The present study was undertaken to examine
the relationship between atherosclerosis and the se-
rum adiponectin levels and between the serum adi-
ponectin levels and visceral fat area in hemodialysis
patients.

Subjects and Methods

1. Subjects

The subjects of this study were 49 patients un-
dergoing chronic hemodialysis at the Kidney Cen-
ter of Tokyo Women's Medical University. The pa-
tient characteristics are shown in Table 1.

2. Methods

Assessment of the background factors, measure-
ment of abdominal circumference, blood pressure
and visceral fat area, assessment of atherosclerosis,
and collection of blood samples were conducted for
each subject.

The blood samples were collected before the first
dialysis session of a week, 6 hours or more after the
last meal, for measurement of adiponectin, total cho-
lesterol (TC), LDL-cholesterol (LDL-C), HDL-
cholesterol (HDL-C), triglycerides (TG) and high
sensitivity CRP (hsCRP), and blood glucose.

After completion of each dialysis session, the dry
weight (DW) of the patients was measured, and the
abdominal circumference was measured around the
umbilicus with the subject in the standing position.
Patients with polycystic kidney disease as the un-
derlying disease were excluded from the abdominal
circumference measurement.

The mean of 13 measurements of blood pressure
during a month (each conducted before a dialysis

session on a given day) was adopted as the blood
pressure level for a given patient.

The visceral and subcutaneous fat areas were
measured on transverse abdominal CT scans ob-
tained at the umbilical level. Imaging was per-
formed at the terminal expiratory phase. The vis-
ceral and subcutaneous fat areas were measured on
the basis of the CT number of fat tissue.

The brachial ankle pulse wave velocity (baPWV)
was measured as a marker of atherosclerosis using
a blood pressure and pulse wave measuring device
(Form PWV/ABI Omron Colin, Kyoto, Japan). And
the all patients were measured the baPWV after
one year again.

Serum adiponectin was measured by ELISA (Hu-
man Adiponectin ELISA Kit, Otsuka Pharmaceuti-
cal, Tokyo, Japan).

Each parameter was expressed as the mean %
SD. Statistical analysis was performed using JMP
Version 5.1 (SAS for Windows, Cart, NC, USA). In all
tests, p<0.05 was regarded as denoting statistical
significance.

Results

Table 1 shows the background variables of the
patients. The underlying disease was chronic
glomerulonephritis in 30 cases (61.2%), polycystic
kidney disease in 6 (12.2%), diabetic nephropathy in
5 (10.2%), other diseases(Alport’s syndrome, toxemia
of pregnancy, gout-kidney disease and neurogenic
bladder) in 4 (82%), and unknown in 4 (8.2%). The
adiponectin level was significantly higher in the fe-
male (28.3 + 16.2 pg/ml) than in the male (19.3 = 11.1
ig/ml) patients (p = 0.02).

Simple regression analysis revealed a significant
negative correlation between baPWV and ADPN
(r=—0.43, p=0.003) (Fig. 1).

Step-wise multiple regression analysis was car-
ried out using baPWV as a dependent variable, and
age, duration of dialysis, serum adiponectin, hsCRP,
TC, TG, visceral fat area and the -calcium-
phosphorus product as independent variables. Se-
rum adiponectin (F value=14.8, p=0.0005) and age (F
value=4.9, p=0.03) were identified as significant in-
dependent variables for the baPWV (Table 2).

Simple regression analysis revealed a significant
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Table 1 Clinical characteristics of patients

Male Female p value
Number 25 24 -
Age (years) 54.6+14.0 54.0+14.0 089
Hemodialysis duration (years) 103+9.3 164+96 0.03
Waist circumference (cm) 826=x71 764+129 0.05
Visceral fat area (cm?) 103.1 £54.8 752+60.8 0.11
Body mass index (kg/m?) 212+26 207+44 0.60
Systolic blood pressure (mmHg) 1376170 1353+ 189 0.66
Diastolic blood pressure (mmHg) 72.7+122 68.1+14.7 0.24
Hemoglobin (g/dl) 10.7+0.9 10109 0.02
Serum albumin (g/dl) 39%03 38=03 0.19
Serum urea nitrogen (mg/dl) 709+153 765+177 0.24
Serum creatinine (mg/dl) 127+2.1 104+17 0.01
Ca (mg/dl) 92+07 92+09 0.85
P (mg/dl) 54+0.3 55+0.3 0.74
~ Total cholesterol (mg/dl) 153.1+299 167.3+30.7 0.11
Triglycerides (mg/dl) 109.1 £66.1 798305 0.05
LDL cholesterol (mg/dl) 87.1+19.1 84.7+223 0.69
HDL cholesterol (mg/dl) 461170 626185 0.01
hsCRP (mg/dl) 2,766 = 4974 2214 +£4722 0.70
FBS (mg/dl) 944 +187 91.8+31.1 072
Adiponectin (ug/ml) 193+111 283+16.2 0.02

FBS: fasting blood sugar, SBP: systolic blood pressure, DBP: diastolic blood pres-

sure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, Ca: calcium,

P: phosphorous.

p<0.01
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Fig. 1 Relationship between serum adiponectin and
baPWV
Serum adiponectin correlated negatively with
baPWV.

negative correlation between the serum adi-
ponectin and the visceral fat area (r=-0.49, p=0.001)
(Fig. 2).

Step-wise multiple regression analysis was then
carried out, using the serum adiponectin as the de-
pendent variable and age, duration of dialysis, sex,
visceral fat area, subcutaneous fat area, LDL-C and

Table 2 Results of multiple step-wise regres-
sion analysis for determinants of baPWV

F value p value
Adiponectin 14.77 0.0005
Age 4.88 0.03
Total cholesterol 2.80 0.10
CaXx P product 0.27 0.61
hsCRP 0.22 0.64
Triglycerides 0.18 0.68
Hemodialysis duration 0.16 0.69
Visceral fat area 0.02 0.38

Ca: calcium, P: phosphorous.

hsCRP as independent variables. Sex (F value=84,
p=0.007) and visceral fat (F value=70, p=0.01) were
identified as significant independent variables for
the serum adiponectin (Table 3).

To analyze the relationship between the serum
levels of adiponectin and various parameters of
atherosclerosis, the serum adiponectin levels were
divided into tertiles, as follows low group (serum
adiponectin less than 15 pg/ml; n=16), medium
group (serum adiponectin less than 25 pg/ml, but
more than 15 pg/ml; n=16), and high group (serum
adiponectin more than 25 ug/ml; n=17). Basal char-
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60 Table 3 Results of multiple step-wise regres-
O =0.49 sion analysis for determinants of Adiponectin
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gb Sex 8.35 0.007
= Visceral fat area 6.96 0.01
= Age 352 0.07
‘g LDL cholesterol 161 0.21
g Hemodialysis duration 1.10 0.30
._g hsCRP 031 058
< Subcutaneous fat area 0.22 0.64
LDL: low-density lipoprotein.
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Fig. 2 Relationship between visceral fat area (VFA)
and serum adiponectin
VFA correlated negatively with serum adiponectin.

Table 4 Basal characteristics of the patients according to the Adiponectin levels

Low Medium High o}

Number 16 16 17

Age (years) 586+14.1 499+124 554+142 0.22
Hemodialysis duration (years) 97+97 122+95 17.7+9.1 0.05
Visceral fat area (cm? 132.6+40.0 91.9+58.1 59.6 +53.8 <001
Body mass index (kg/m? 228+31 21.1+47 193+19 0.02
Systolic blood pressure (mmHg) 1436127 135.1+126 1365+179 0.24
Diastolic blood pressure (mmHg) 700+118 71.2+121 70.3=10.0 0.95
Serum albumin (g/dl) 38+03 38=+03 38+0.3 0.82
Hemoglobin (g/dl) 106+1.2 102+09 103+09 0.56
Serum urea nitrogen (mg/dl) 681+17.3 738+11.3 784+192 0.21
Serum creatinine (mg/dl) 12024 119+24 108+19 0.22
Total cholesterol (mg/dl) 151.5+322 161.3+27.1 1656+ 334 043
Triglycerides (mg/dl) 129.1+722 834+372 778+324 0.01
HDL cholesterol (mg/dl) 414+137 558+16.4 628+21.3 < 001
FBS (mg/dl) 949+26.2 88971 95.6+34.2 073
HOMA-R 21%16 1.3+0.6 23+36 052
Ca (mg/dl) 91x06 9.3+0.38 9209 0.77
P (mg/d}) 54%15 57x16 53+16 071
hsCRP (mg/d)) 2,682 +4,096 3,194 +£6876 1,889+ 3,299 0.39

The comparison between 3 groups were performed by ANOVA.
FBS: fasting blood sugar, SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL: high-
density lipoprotein, LDL: low-density lipoprotein, Ca: calcium, P: phosphorous.

acteristics of the patients according to the adi-
ponectin levels are shown in Table 4. Observation
of the changes of the baPWV over one year re-
vealed that the value increased significantly in
those with serum adiponectin levels in the low
group as compared with that in the patients with
the values in the high group and medium group
(Fig. 3).

None of the cases with serum adiponectin levels

in the medium group and high group developed car-
diovascular disease, while one patient each with the
serum adiponectin level in the low group died of
acute myocardial infarction, developed angina pec-
toris, and developed cerebral infarction.
Discussion

Adiponectin is a protein expressed and secreted
specifically by fat cells, that is found at high concen-
trations (5-20 pg/ml) in vivo. The median adi-

—464—



% p<0.05
150 7 | p<005
140
130
120
110
100 -
o4 |
80 - 1
70 -
60 -
50

|
|

_i

rate of change of baPWV

Low Medium High

Fig. 3 Adiponectin tertiles and the rate of change of
baPWV
The patients were divided into tertiles as described
in Table 4. The ANOVA for differences in tertiles re-
vealed no significant differences, and comparisons
between low group and other groups were analyzed
using the Student’s t-test.

ponectin level is significantly higher in females (8.7
ng/ml) than in males (5.5 pg/ml)”. Patients with
chronic kidney disease reportedly show elevation of
the serum adiponectin levels as the GFR decreases,
and the serum adiponectin levels in dialysis patients
have been reported to be about 3 times higher than
those in healthy individuals'. This previous report
was supported by the present study results indicat-
ing significantly higher serum adiponectin levels
(about 3 times higher) in the female (28.3 = 16.2 ug/
ml) than in the male (19.3=11.1 ug/ml) patients. Al-
though the pathways of metabolism or elimination
of adiponectin have not yet been fully clarified, it
would seem that compromised elimination capacity
is one of the factors responsible for the high serum
adiponectin levels in dialysis patients. One factor re-
sponsible for the higher serum adiponectin levels in
the females is could be the smaller visceral fat area
in females than in the males, but a possible influence
of adiponectin-resistant hormones (e.g., testoster-
one) has also been suggested. In the hemodialysis
patients, although the serum adiponectin levels
were high, the death rate from atherosclerotic dis-
eases was also high. Whether or not elevated serum
adiponectin levels contribute to prevention of athe-
rosclerosis is, therefore, under debate. Stepwise
multiple regression analysis carried out in this

study revealed that adiponectin is an important fac-
tor determining the baPWV. In the univariate
analysis, a significant negative correlation was
noted between the baPWV and the serum adi-
ponectin, indicating that reduced serum adi-
ponectin levels were associated with atherosclero-
sis. Observation of the changes of the baPWV over
one year revealed that the value increased signifi-
cantly in those with serum adiponectin levels in the
low group as compared with that in the patients
with the values in the high group and medium
group. None of the cases with serum adiponectin
levels in the medium group and high group devel-
oped cardiovascular disease, while three patients in
the low adioponectin group developed cerebral in-
farction and severe and fatal myocardial infarction.
From these results of the one-year prospective
study, we propose that low serum adiponectin lev-
els contribute to the development of arteriosclerois
and cardiovascular disease. It was also shown in
this study that adiponectin exerts anti-athero-
sclerotic activity in hemodialysis patients in the
multiple arteriosclerotic disease. In the stepwise
multiple regression analysis, sex and visceral fat
area were identified as important factors determin-
ing the serum levels of this anti-atherosclerotic pro-
tein. Univariate analysis revealed a significant nega-
tive correlation between the serum adiponectin and
the visceral fat area, indicating that accumulation of
visceral fat is also an important factor associated
with the reduction in the serum adiponectin levels
in hemodialysis patients.

The limitations of our study were the limited
number of patients and the relatively short follow-
up period of one year, and we used baPWV as the
surrogate marker of arteriosclerosis. it would be de-
sirable for a prospective study to be carried out to
analyze the relationship between the serum adi-
ponectin levels and the risk of atherosclerosis in
hemodialysis patients. In the future, therefore, we
propose to conduct a prospective study on a larger
number of patients to determine the relation be-
tween the serum levels of adiponectin and the onset
of arteriosclerotic diseases, and death.
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Conclusion

The results of this study indicate that visceral fat

accumulation and serum adiponectin are important

factors determining the rate of progression of athe-

rosclerosis in chronic hemodialysis patients.
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