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Association of serum albumin and homocysteine
levels and cardio-ankle vascular index in patients
with continuous ambulatory peritoneal dialysis
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Background : The cardio-ankle vascular index (CAVI) is a newly developed arteriosclerotic measurement that has been
proposed as an alternative to aortic pulse-wave velocity (PWV). The present study used the CAVI to identify the main
factors associated with arteriosclerosis in continuous ambulatory peritoneal dialysis (CAPD) patients.

Methods : Fifteen CAPD patients were enrolled in the study. The CAVI is independent of the pressure and vascular
reflection between the heart valve and the ankle. Serum albumin, uric acid, total calcium, phosphorus, lipid levels,
high-sensitivity C-reactive protein and homocysteine concentrations in CAPD patients were measured using standard
methods. Total body fat mass, truncal and non-truncal fat mass and lean body mass were measured using dual energy
X-ray absorptiometry with a Lunar DPX-L scanner.

Results : CAPD patients had a mean CAVI of 9.37+3.16 m/sec, which was higher than the general population. The
CAVI was negatively correlated with the serum albumin concentration (=-0.548; p=0.034). Stepwise regression analysis
showed that both the serum albumin concentration (3=-0.643, p=0.013) and the serum homocysteine level (3=0.486,
p=0.004) were independently associated with the CAVI.

Conclusions : An increase in CAVI was independently associated with both serum albumin and homocysteine level.

Key Words : CAPD, CAVI (cardio—ankle vascular index)

INTRODUCTION

Arterial compliance, an important vessel wall property, reflects
the buffering capacity of a vessel. A low arterial compliance
caused by arterial stiffening widens pulse pressure amplitude.
Increased systolic blood pressure induces left ventricular
hypertrophy, whereas decreased diastolic blood pressure impairs
coronary blood flow. Wide pulse pressure, which is caused by
increased arterial stiffness and early wave reflections, may be a
major predictor of cardiac risk, especially coronary mor’[ality"”.
Recent prospective studies have demonstrated that arterial

stiffness and early wave reflections are independent predictors of
all-cause and cardiovascular mortality in end-stage renal disease
(ESRD) patients and in the general population®? .

Arterial wall properties in ESRD patients may be influenced by
many factors, including non-specific factors such as age, gender,
smoking, blood pressure and diabetes, as well as alterations more
specific to ESRD, such as fluid overload, increased endothelin-1,
hyperphosphatemia, increased parathyroid hormone  activity,
increased ADMA concentration, micro-inflammation and blood lipid
alterations”. Previous studies have shown that hyperhomo-
cysteinemia is an independent risk factor for an adverse
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cardiovascular outcome in ESRD®”. However, there have been
inconsistent reports about the relationship between hyperhomo-
cysteinemia and arterial stiffness in ESRD patients®?. Using a
different method for evaluating arterial stiffness, we previously
reported that hypoalbuminemia was related to carotid artery
compliance in CAPD patients”). In addition, the relationship
between truncal fat mass, IL-6 and high-sensitivity CRP indicates
that a chronic inflammatory response, partly related to truncal fat
mass, is an important contributor to the atherogenic lipoprotein
profile in patients with uremia™. Despite these observations, there
have been few reports concerning the relationship between
hyperhomocysteinemia, hypoalbuminemia, truncal fat mass and
arterial stiffness in patients undergoing continuous ambulatory
peritoneal dialysis (CAPD).

While aortic pulse-wave velocity (aPWV) measurement is a
useful and standard approach for diagnosing arterial stiffness
in any part of the body™ ", this technique requires a
particularly skilled medical technologist for carotid artery
measurements. In addition, results are reproducible only if the
machinery used is of a very high standard. Therefore, a new
arteriosclerotic measurement, the cardio—ankle vascular index
(CAVI), has been designed and is being used, particularly in
some Japanese clinics™. It is acknowleged that CAVI is
compatible with aortic pulse wave velocity'e’). Brachial artery
pulse wave velocity (baPWV) is influenced by blood pressure,
but with baPWV, blood pressure compensation is not carried
out. Furthermore, the pulse pressure is measured by air
pressure‘a . Therefore any stimulus that exerts pressure on an
artery may influence these results. A merit of using CAVI as a
measurement of the pressure wave form is its independence
from blood pressure'®.

The aim of this present study was to use CAVI to identify the
main factors affecting arterial stiffness in CAPD patients.

MATERIALS AND METHODS

Study subjects

Fifteen CAPD patients were enrolled, and their characteristics
are given in Table 1. The group was composed of 7 men and 8
women, with a mean age of 46.1+12.6 years and a mean time
receiving CAPD of 35 months (range: 4-120 months). Individuals
with the following medical conditions were excluded; cardiac failure
(New York Heart Association [NYHA] class Il and higher), unstable
angina pectoris (NYHA class Il and higher), peripheral vascular
disease, peripheral pitting edema and pulmonary edema, greater
than stage 3 hypertension (systolic blood pressure > 180 mmHg
or diastolic blood pressure > 110 mmHg), established infection,
intact parathyroid hormone levels > 200 pg/mL, serum total
calcium levels > 11 mg/dL or serum phosphate levels > 7 mg/dL.

In 6 patients, the primary kidney disease was related to diabetes
mellitus, while disease was not diabetes—related in 9 patients.

METHODS

Cardio-Ankle Vascular Index (CAVI)

The CAVI is a new arteriosclerotic measurement that is
independent of pressure and vascular reflections between the
heart valve and the ankle. It is an index for evaluating arterial
stiffness; the greater the CAVI, the stiffer the arterial wall. Briefly,
in order to calculate the CAVI, the pulse transmission time from
the aortic valve to the ankle, and the vascular distance between
the heart valve and the ankle artery, are measured. The PWV
from the aortic valve to the ankle artery is then calculated using
the following equation: PWV = vascular distance between the
heart valve and the ankle artery / pulse transmission time from the
aortic valve to the ankle.

The CAVI is a pressure-independent index based on the
stiffness parameter, and is illustrated in Figure 1, where Ln(Ps/Pd)
= the logarithmic pulse pressure (Ps: systolic pressure, Pd:
diastolic pressure), and D/D = the reciprocal of the radius
percentage change (D: Vascular radius, D: beat-initiated variation
in the vascular radius).
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Figure 1. Changes in blood pressure and stiffness parameter

As llustrated in  Figure 1, increased blood pressure
exponentially increases the reciprocal of the percentage change in
the radius, while the logarithmic pulse pressure exponentially
decreases. Thus, the product of the logarithmic pulse pressure
and the reciprocal of the radius percentage change is independent
of blood pressure and remains constant. ECG, phonocardiograph,
and pressures and waveforms of brachial and ankle arteries were
measured and cardio—ankle pulse wave velocity and subsequent
CAVI were automatically calculated by CAVI-Vasera (Fukuda
Denshi, Tokyo, Japan). The CAVI were calculated as follows:

B = (n Ps/Pd) (D/AD)

D/AD = 1/K x PWV?

CAVI = B = (in Ps/Pd) (D/AD) = 1/K (In Ps/Pd) PWV*



CAVI Measurements

After 15 minutes of supine rest, CAVI measurements (15) in this
study were obtained in 5 time—continuous measurements by a
single observer. A mean value was used as a score. Patients
were asked to not smoke, eat or drink for 4 hours prior to CAVI
measurements, and were allowed to take their regular
medications. Nine of 15 patients were taking anti-hypertensive
drugs (calcium channel blockers, ACE inhibitors, beta—blockers,
alpha-blockers). Doses of anti-hypertensive or other vasoactive
drugs (e.g. calcium-containing phosphorus binders) remained
constant during the 1 month period preceding measurements .

Other Measurements

Blood phosphorus and total calcium levels were measured in
patients using an Hitachi 747 automatic analyzer, with normal
ranges considered as being 1.9-4.4 mg/dL and 8.2-10.4 mg/dL,
respectively. Intact parathyroid hormone was measured using a
commercial  immunoradiometric assay (Diagnostic  Products
Corporation, Los Angeles, CA, USA), with the normal range
considered to be 12-72 pg/mL. Serum albumin was measured
using an Hitachi 736-740 autoanalyzer (Hitachi Ltd., Tokyo,
Japan), and high-sensitivity C-reactive protein was measured
using the N High Sensitivity CRP kit (Dade Behring, Marburg,
Germany) which has a lower limit of measurement of 0.15 mg/L.
Serum total cholesterol, LDL-cholesterol, HDL-cholesterol and
triglyceride levels were measured enzymatically using an Hitachi
736-740 autoanalyzer. Total homocysteine was determined using
high-performance liquid chromatography according to Ubbink et
a. Total body fat mass, truncal and non-truncal fat mass, and
lean body mass were analyzed using dual energy x-ray
absorptiometry (DEXA) with a Lunar DPX-L scanner (Lunar Corp,
Madison, WI, U.S.A)

Statistical analyses were performed using the Mann-Whitney U
test (SPSS Windows, version 9.0). Relationships between different
parameters were assessed using the Spearman rank correlation
coefficient. A stepwise regression analysis was performed to
assess the contribution of separate variables to the CAVI. Results
are expressed as meanSD or median (range). Differences were
considered statistically significant if the associated p value was
less than 0.05.

RESULTS

We found that CAPD patients had a mean CAVI of 9.37+3.16
m/sec, which was higher than the 7.10+0.50 m/sec observed in
the general population™ (Table 1).

In the patient group, systolic blood pressure, diastolic blood
pressure, mean arterial pressure and brachial artery pulse
pressure were 162+18 mmHg, 98+10 mmHg, 13020 mmHg
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Table 1. CAPD patient characteristics

Variable Value
Age (y) 46.1+12.6
Men/Women (n) 7/8
DM/non-DM (n) 6/9
CAPD duration (mo) 35 (4-120)
Total KtV urea 2.05+0.46
Residual renal function (mL/min) 25 (1-5.6)
CAVI (m/sec) 9.37+3.16
Systolic blood pressure (mmHg) 162+18
Diastolic blood pressure (mmHg) 98+10
Mean arterial pressure (mmHg) 130+20
Pulse pressure (mmHg) 67424
Serum albumin level (gm/dL) 35+04
Serum uric acid level (mg/dL) 6.5+1.2
h-s CRP (mg/L) 19£1.9
Serum calcium level (mg/dL) 8.8+1.0
Serum phosphorus level (mg/dL) 6.5%1.2
Ca x P product (mg/dL) 43.0+10.0
Total cholesterol level (mg/dL) 209.9+49.9
LDL-cholesterol level (mg/dL) 113.1£28.8
HDL-cholesterol level (mg/dL) 44+9
PTH level (pg/mL) 90.71+£20.03
Serum homocysteine level ((mol/L) 25.3+5.6
Truncal/total fat ratio 0.56+0.05
Total fat (gm) 16284+7315
Truncal fat (gm) 9404+4786
% fat (%) 24.07+8.35
Lean body mass (gm) 47544+7361

Figures represent mean+/-S.D or median (range), * p<0.05 versus
control group.

h-s CRP, high sensitivity C-reactive protein; Ca x P product, calcium
X phosphorus product; LDL, low density lipoprotein; HDL, high density
lipoprotein; PTH, parathyroid hormone.

and 67+24 mmHg, respectively (Table 1). The serum albumin,
uric acid, calcium, phosphorus, Ca x P product, total cholesterol,
LDL-cholesterol, high-sensitivity CRP and homocysteine levels
were 35+04 gm/dL, 65+1.2 mg/dL, 88+1.0 mg/dL, 5.0+1.2
mg/dL, 43.0+10.0 mg/dL, 209.9+49.9 gm/dL, 113.1£28.8 gm/dL,
1.9£19 mg/dL and 25.3+56 mol/dL, respectively. The truncal/
total fat ratio average was 0.56+0.05 (Table 1).

Analysis of these data showed that the CAVI was negatively
correlated with serum albumin concentration (=-0.548; p=0.034)
(Figure 2, Table 2). Stepwise regression analysis showed that both
serum albumin concentration (3=-0.643, p=0.013) and serum
homocysteine level (3=0.486, p=0.004) were independently
associated with changes in the CAVI (Table 3).

DISCUSSION

The present study showed that the CAVI was higher in CAPD
patients than in the general population, and that changes in the
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Table 2. Univariate correlation coefficient of the CAVI

Variable Correlation Coefficient
Age 0.337 (p=0.220)
Sex 0.173 (p=0.539)
Presence of DM 0.275 (p=0.265)
BMI -0.211 (p=0.450)
Serum albumin level -0.548 (p=0.034)
Serum uric acid level -0.205 (p=0.463)
h-s CRP 0.266 (p=0.358)
Serum calcium level -0.239 (p=0.391)
Serum phosphorus level -0.015 (p=0.958)
Ca x P product -0.129 (p=0.647)
Total cholesterol level -0.022 (p=0.940)
LDL-cholesterol level 0.207 (0=0.477)
HDL-cholesterol level 0.053 (p=0.856)
PTH level 0.063 (p=0.816)
Serum homocysteine level 0.459 (p=0.045)"
Truncal/total fat ratio -0.177 (p=0.527)
Total fat -0.329 (p=0.230)
Truncal fat -0.304 (p=0.370)
% fat -0.385 (p=0.157)

*p<0.05 versus control group.

CAVI were independently associated with both hypoalbuminemia
and hyperhomocysteinemia.

It is generally accepted that the serum albumin level is
associated with atherosclerosis, and that hypoalbuminemia is a
predictor of vascular events and cardiovascular mortality in ESRD
patients"” '®. Traditionally, many authors have believed that
hypoalbuminemia in ESRD patients was due to inflammation or
malnutrition'”. In addition, there has been a tendency to link poor
nutrition, serum albumin levels and atherosclerosis with processes
causing inflammation”. However, the effect and influence of
hypoalbuminemia per se on functional changes, such as arterial
compliance and large vessel stiffness, have not been widely
studied. One recent report'g’ showed that only hypoalbuminemia
was predictive of vascular morbidity, regardless of nutritional
status. That study suggested that hypoalbuminemia itself was
pathogenically associated with vascular disease, but dissociated
this effect from overall protein malnutriion™. Our previous report
suggested that common carotid artery compliance was positively
correlated with serum albumin concentration, and that common

CAVI (m/sec)
g g
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Figure 2. Correlation between serum albumin level and the CAVI

carotid artery intima—media thickness was negatively correlated
with  serum albumin levels. In addition, serum albumin
concentration was independently linked to common carotid artery
compliance in that repor’[”). In the present study, we excluded
patients with severe malnutrition, as well as those with a level of
established infection who showed a high-sensitivity CRP
concentration greater than that observed in normal controls. The
data presented in this current study show no relationship between
serum high sensitivity C-reactive protein levels and the CAVI in
CAPD patients. However, the CAVI was independently associated
with hypoalbuminemia, independent of CRP-related inflammatory
status. This finding suggests that the serum albumin level itself is
related to changes in arterial stiffness. The mechanism by which
hypoalbuminemia may cause increased arterial stiffness has not
been elucidated. One scenario may be that hypoalbuminemia
causes a hypercoagulable state™ which depletes L-arginine
stores and subsequently reduces nitric oxide production'g), thus
affecting the mechanisms by which nitric oxide causes equipotent
relaxation of arterial smooth muscle® and  inhibits platelet
aggregationg'). This hypothesis remains untested, and future
investigations will be required in order to fully understand the
relationship between hypoalbuminemia and arterial stiffness.

In ESRD patients, hyperhomocysteinemia occurs more
frequently than any other conventional risk factor. However, the

Table 3. Stepwise regression analysis with the CAVI as a dependent variable

CAVI
B Std. Error o
Albumin -0.643 0.031 0.013+
Homocysteine 0.486 0.025 0.004+

Selected variables: age, sex, presence of diabetes mellitus, serum albumin concentration, high-sensitivity C-reactive protein level, serum uric acid
level, serum total calcium and phosphorus concentrations, calcium X phosphorus product, total/HDL cholesterol, LDL/HDL cholesterol, parathyroid
hormone level, body mass index, serum homocysteine level, truncal/total fat ratio, total fat, truncal fat, % fat.



belief that the total homocysteine level (tHey) is an independent
risk factor for atherothrombotic disease in ESRD patients may
deserve further scrutiny . Although several prospective studies
showed an association between high tHcy concentration and
atherosclerosis in ESRD patientsﬁ’ 7), a recent study failed to show
a causal relationship when using surrogate end points for
atherosclerosis and thrombosis™. In terms of arterial stiffness in
ESRD patients, similar confounding results have been reported.
van Guldener et al. reported that although plasma homocysteine
levels decreased after treatment with folic acid, no significant
changes occurred in compliance, distensibility coefficients or the
stiffness index of the common carotid arterys). In addition, Smilde
et al. concluded that homocysteine did not explain a variation in
intima—-media thickness and only marginally contributed to the
variation in distensibility coefficients in the common carotid artery
and in compliance coefficients in the common femoral ar’[eryg). In
contrast, some studies found lower-limb PWV was positively and
independently correlated with plasma total homocysteine'O) and
plasma endothelin, and that acute hyperhomocysteinemia induced
a reduction in arterial distensibility and compliancez‘”. In our
present study, the CAVI as a parameter of arterial stiffness was
independently associated with serum homocysteine levels. The
role of hyperhomocysteinemia in atherosclerosis and increased
arterial stiffness is not fully known, although harmful effects of
homocysteine on vascular endothelium%), interactions with other
atherogenic factors (e.g. within the redox thiol system or with other
cardiovascular risk factors™) and a pivotal role for oxidative stress
are suggested to be involved®. Serum homocysteine levels may
be altered by serum albumin concentration. Vychyiil et al. found
that levels of the free form of homocysteine were significantly
greater in peritoneal dialysis patients with lower serum albumin
levels than those with higher serum albumin levels®®. The present
data are consistent with the possibility that combined
hypoalbuminemia and hyperhomocysteinemia synergistically act to
increase arterial stiffness.

It has become increasingly evident that fat tissue is an active
endocrine organ that may produce several adipokines, including
proinflammatory substances such as IL-1, TNF and plasminogen
activator inhibitor type 12, Recently, a relationship between body
fat mass and inflammatory markers from fat tissue was proposed
as a contributor to inflammation in CAPD patientszs). Increased
body fat mass is a common finding in patients commencing PD
using glucose—based solutions, and it may become excessive in
some patientszg). Axelsson et al. suggested that truncal adiposity,
IL-6 and high-sensitivity CRP levels were well correlated with the
extent of truncal adiposity@. Microinflammation is an independent
risk factor for increased aortic PWV®. However, our present
results show that no significant relationship between truncal fat
mass and the CAVI.

The design of the present study (cross—sectional) meant that it
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was unable to address whether hypoalbuminemia or hyper—
homocysteinemia per se reflect vascular events and mortality in
CAPD patients. Also, the small number of patients enrolled limits
the statistical power of the study. In another limitation of this study,
it is known that CAVI differs depending on whether or not
arteriosclerosis is present in the carotid artery. However, we did
not evaluate the carotid artery status. Therefore, to further explore
the relationship between serum albumin and homocysteine levels
and arterial stiffness in CAPD patients, future studies ideally will
have larger and more homogenous subject groups, compared to
our present study. While this study did not examine patient volume
status using reliable and objective methods, CAPD patients have
a relatively stable volume status compared to hemodialysis
patients, and this study excluded patients with peripheral pitting
edema and pulmonary edema. Therefore, we believe the results
obtained in this study were not influenced by volume status of the
patients.

In conclusion, this present study shows that the CAVI is
independently associated with serum albumin and homocysteine
levels, suggesting that independent of other factors, hypoalbu-
minemia and hyperhomocysteinemia may increase arterial stiffness
in CAPD patients.
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