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Abstract

Background: The augmentation index (AIx) indicates arterial wave reflection. Clinical
studies have shown a relationship between an elevated AIx and cardiovascular disease. This
cross-sectional study attempted to clarify the clinical significance of AIx in patients with
preserved kidney function.

Patients and Methods: The subjects were 321 patients with preserved kidney function
(an estimated glomerular filtration rate �60 mL�min�1.73 m2 and normoalbuminuria) but with
no history of cardiovascular events. The AIx was determined in the radial artery by means of
tonometry, and the relationships of the AIx to kidney function and markers of atherosclerosis
were examined.

Results: A significant positive correlation (r=0.30; p<0.001) was found between the AIx
and the urinary albumin concentration. The AIx showed a significant positive correlation (r=
0.28; p<0.001) with the serum high-sensitivity C-reactive protein concentration, as a marker of
inflammation; with the urinary 8-iso-prostaglandin F2α concentration (r=0.31; p<0.001), as a
marker of oxidative stress; and with the cardio-ankle vascular index (r=0.17; p<0.01), as a
marker of systemic arterial stiffness. Multiple regression analysis indicated that the urinary 8-
iso-prostaglandin F2α concentration (t=5.1; p<0.001), serum high-sensitivity C-reactive protein
concentration (t=4.9; p<0.001), and urinary albumin concentration (t=3.6; p<0.01) were
independent variables for AIx after adjustment.

Conclusion: These findings indicate that the AIx reflects inflammation, oxidative stress,
and the urinary albumin concentration in patients with preserved kidney function.
(J Nippon Med Sch 2012; 79: 422―429)
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Introduction

Chronic kidney disease, which is usually diagnosed
on the basis of a decreased estimated glomerular
filtration rate (eGFR) or the presence of proteinuria�

microalubuminuria or both, is a risk factor for both
end-stage renal disease and cardiovascular disease1,2.
Furthermore, from the perspective of preventive
medicine, treatment strategies for kidney disease
and atherosclerosis should be considered while
kidney function is still normal or in the early phase
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Fig.　1　Measurement of augmentation index
The augmentation index was determined with subjects in the sitting position by means of a 
commercial device (HEM-9010AI; Omron Healthcare, Kyoto, Japan). The augmentation index is 
automatically calculated as P2/P1×100%. The P1 and P2 indicate the height of the early and 
late systolic peaks, respectively.

of kidney disease3.
The augmentation index (AIx) indicates arterial

wave reflection4. Clinical studies have shown that an
elevated AIx and an elevated central blood pressure
are important predictors of cardiovascular disease5―8.
However, little is known about the clinical
significance of the AIx in patients with preserved
kidney function. Here, author examined the
relationships of AIx to kidney function and to
markers of atherosclerosis to clarify the clinical
significance of the AIx in patients with preserved
kidney function.

Materials and Methods

1. Subjects
This cross-sectional study was performed at the

Hitsumoto Medical Clinic in Shimonoseki from
December 2007 through November 2009. The AIx
and various clinical variables were analyzed in 321
consecutive patients with lifestyle-related diseases
and preserved kidney function. Kidney function was
considered to be preserved if the eGFR was at least
60 mL�min�1.73 m2 and if normoalbuminuria was
present (urinary albumin concentrations < 30 mg�g
creatinine). Patients with a history of cardiovascular
events, chronic atrial fibrillation, or peripheral artery

disease (ankle-brachial index <0.9) were excluded.
All patients gave informed consent, and the study
protocol was approved by the local ethics committee
of Hitsumoto Medical Clinic.

2. Determination of the AIx and Blood Pressure
The blood pressure and the AIx were determined

in a room with the temperature maintained at 20̊C
to 25̊C. Treatment with antihypertensive drugs was
stopped 24 hours or more before measurement. The
radial AIx was determined with the subject in the
sitting position by means of an applanation
tonometry-based device (HEM-9010AI ; Omron
Healthcare Co., Ltd., Kyoto, Japan; Fig. 1). This
technique has been described in detail previously4,9.
Briefly, the tonometry sensor unit is a pressure
sensor composed of an array of 40 microtransducer
elements. When the unit is placed on a patient’s
wrist, 1 of the 40 sensor elements is automatically
selected to obtain optimal radial pressure
waveforms. The first and second systolic peaks are
automatically detected, and, consequently, the AIx is
calculated. The validity and reliability of radial AIx
measurement with this method are well established:
several studies have indicated a close linear
correlation between the radial AIx and the central
AIx4,8,9. In addition, the right brachial blood pressure
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and pulse rate were automatically measured twice
with the oscillometric approach. The average of 2
readings was used to determine systolic and
diastolic blood pressures and the pulse rate.

3. Evaluation of Kidney Function
The eGFR and the urinary albumin concentration

were measured as indicators of kidney function. The
eGFR was calculated with the adjusted Modification
of Diet in Renal Disease study equation, proposed by
the working group of the Japanese Chronic Kidney
Disease Initiative 10. The urinary albumin
concentration was measured with the latex
agglutination method and normalized to urinary
creatinine concentration.

4. Evaluation of Cardiovascular Risk Factors
Hypertension was diagnosed if the systolic blood

pressure was at least 140 mmHg, if the diastolic
blood pressure was at least 90 mmHg, if the subject
was receiving antihypertensive treatment, or any
combination of these factors. Hyperlipidemia was
diagnosed if the serum low-density lipoprotein
cholesterol concentrations was at least 140 mg�dL, if
serum triglyceride concentrations at least 150 mg�
dL, or if the subject was receiving
antihyperlipidemic treatment, or any combination of
these factors. Diabetes mellitus was diagnosed if the
fasting blood glucose levels were at least 126 mg�dL,
if the subject had a history of diabetes mellitus or
was receiving antidiabetic treatment, or any
combination of these factors. Obesity was estimated
by the body-mass index. Smoking was considered
positive if subjects smoked cigarettes habitually at
the start of the study. Blood samples were collected
from the antecubital vein in the morning after 12
hours of fasting. Concentrations of serum lipids,
plasma glucose, plasma insulin, and serum high-
sensitivity C-reactive protein ( hs-CRP ) were
subsequently measured. Total cholesterol and
triglyceride concentrations were measured with
standard enzymatic methods. The high-density
lipoprotein cholesterol concentration was measured
by means of selective inhibition. The concentration
of low-density lipoprotein cholesterol was calculated
with Friedewald’s formula 11. The glucose

concentration was measured with the glucose
oxidase method, and insulin levels were measured
with an enzyme immunoassay. The hemoglobin A1c
was measured with standard laboratory procedures.
To measure insulin resistance, the homeostatic
model assessment of insulin resistance (HOMA-IR)
was used as follows12: HOMA-IR=fasting glucose
concentration [ mg�dL ] × fasting insulin
concentration [ μg �mL ] �405. The hs-CRP
concentration was measured with high-sensitivity,
latex-enhanced immunonephelometrics. The urinary
8-iso-prostaglandin F2α concentration was also
measured, as an oxidative stress marker, with an
enzyme immunoassay in urine samples and
normalized to the urinary creatinine concentration.

5. Evaluation of Arterial Wall Stiffness
Systemic arterial wall stiffness was evaluated with

the cardio-ankle vascular index (CAVI). The CAVI
was determined with a VaSera CAVI instrument
(Fukuda Denshi Co. Ltd., Tokyo, Japan) and methods
described previously 13. The average coefficient of
variation of the CAVI is less than 5%, which is
sufficiently small for clinical usage and indicates that
CAVI has good reproducibility13.

6. Statistical Analysis
A commercially available statistical software

program (StatView-J 5.0; Hulinks Inc., Tokyo, Japan)
was used for all statistical analyses. Continuous
variables were expressed as means ± standard
deviations. Between-group comparisons for
continuous variables were performed with Student’s
t-test. The correlation coefficient was estimated with
Spearman’s rank correlation analysis. Multivariate
analysis was performed with multiple regression
analysis. A p value of <0.05 was considered to
indicate statistical significance.

Results

Baseline clinical characteristics are shown in
Table 1. The mean AIx was 86%, but the AIx was
widely distributed, from 46% to 130%. The mean
eGFR was 76 mL�min�1.73 mm2. The relationships
of AIx with various clinical variables and
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Table　1　Baseline clinical characteristics

Age (yrs)   68±12
Male/Female 122/199
Height (cm) 155±9
Hypertension (%) 250 (78)
Hyperlipidemia (%) 189 (59)
Diabetes mellitus (%)  83 (26)
Body mass index (kg/m2)  23.6±3.8
Smoking (%)  62 (19)
Systolic blood pressure (mmHg)  142±18
Diastolic blood pressure (mmHg)   86±11
Pulse rate (/minutes)   70±11
Total cholesterol (mg/dL)  201±98
Low-density lipoprotein cholesterol (mg/dL)  126±28
Triglyceride (mg/dL)  111±48
High-density lipoprotein cholesterol (mg/dL)  53±9
Fasting blood glucose (mg/dL)  108±26
Immunoreactive insulin (μg/mL)   7.0±4.8
Hemoglobin A1c (%)   5.2±1.0
Homeostasis assessment insulin resistance   1.9±1.5
Augmentation index (%)   86±14
eGFR (mL/min/1.73 mm2)   76±15
Log-urinary albumin (mg/g Cr)   1.1±0.2
Log- high sensitive C reactive protein (mg/L) －1.1±0.5
Urinary 8-isoprostaglandinF2α (pg/mg Cr)   270±134
Cardio-ankle vascular index   8.9±1.4
ACE-i/ARB (%)  92 (29)
Calcium-channel blockers (%)  86 (27)
β-blocker (%) 12 (4)
Statin (%)  77 (24)
Blood-sugar lowering drugs (%)  58 (18)

eGFR, estimated glomerular filtration rate; ACE-I, 
angiotensin-coverting enzyme inhibitor; ARB, angiotensin-
receptor blocker; Continuous values are mean±SD.

cardiovascular risk factors are shown in Table 2.
The AIx showed significant positive correlations
with age, systolic blood pressure, the hs-CRP
concentration, the urinary 8-iso-prostagrandin F2α

concentration, the CAVI, and the urinary albumin
concentration. Conversely, the AIx showed
significant negative correlations with the male sex,
height, pulse rate, and the eGFR. The AIx showed
no significant correlations with the serum lipid, blood
glucose, or blood insulin concentration ; the
hemoglobinA1c; the HOMA-IR; or cardiovascular
risk factors, such as hypertension, hyperlipidemia,
diabetes mellitus, and smoking habits. The AIx
showed no significant relations with medications,
such as antihypertensive drugs, statins, and blood-
sugar-lowering drugs.

To further investigate the relationship of AIx with

kidney function and atherosclerosis, multiple
regression analysis was performed to evaluate the
ability of ten factors (systolic blood pressure, pulse
rate, smoking, age, height, gender (male=1 and
female=0), eGFR, urinary albumin concentration, hs-
CRP concentration, and urinary 8-isoprostaglandin
F2α concentration) to explain the augmentation
index as a subordinate factor. Six factors (gender,
urinary 8-iso-prostaglandin F2α concentration, hs-
CRP concentration, pulse rate, urinary albumin
concentration, and height) were selected as
independent variables for AIx (Table 3). However,
age, systolic blood pressure, CAVI, and eGFR were
not selected. Multiple regression analysis was also
performed for sex differences. Five factors (urinary
8-iso-prostaglandin F2α concentration, hs-CRP
concentration, pulse rate, urinary albumin
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Table　2　Relationships between augmentation index and various clinical 
parameters

r p value

Age 0.21 <0.001
Gender (Male=1, Female=0) －0.23 <0.001
Height －0.24 <0.001
Hypertension (Yes=1, No=0) 0.13 NS
Hyperlipidemia (Yes=1, No=0) 0.11 NS
Diabetes mellitus (Yes=1, No=0) 0.06 NS
Body mass index －0.07 NS
Smoking (Yes=1, No=0) 0.11 NS
Systolic blood pressure 0.18 <0.01
Diastolic blood pressure 0.02 NS
Pulse rate －0.31 <0.001
Total cholesterol －0.03 NS
Low-density lipoprotein cholesterol －0.02 NS
Triglyceride －0.03 NS
High-density lipoprotein cholesterol 0.02 NS
Fasting blood glucose －0.09 NS
Immunoreactive insulin －0.10 NS
Hemoglobin A1c －0.09 NS
Homeostasis assessment insulin resistance －0.09 NS
eGFR －0.15 <0.01
Log-urinary albumin 0.30 <0.001
Log- high sensitive C reactive protein 0.28 <0.001
Urinary 8-isoprostaglandinF2α 0.31 <0.001
Cardio-ankle vascular index 0.17 <0.01
ACE-i/ARB (Yes=1, No=0) －0.09 NS
Calcium-channel blockers (Yes=1, No=0) －0.04 NS
β-blocker (Yes=1, No=0) 0.11 NS
Statin (Yes=1, No=0) －0.10 NS
Blood-sugar lowering drugs (Yes=1, No=0) 0.05 NS

Abbreviation as in Table 1.

Table　3　Results of multiple regression analysis of augmentation index

Standard regression coefficient t value p value

Acceptable factor
Gender (Male=1, Female=0) －0.25 －5.2 <0.001
U-8-isoPGF2α 0.24 5.1 <0.001
Log-hs-CRP 0.23 4.9 <0.001
Pulse rate －0.21 －4.5 <0.001
Log-U-Alb 0.18 3.6 <0.01
Height －0.16 －3.2 <0.01

R2=0.34, F value=32.5, p<0.001, (n=321)

concentration, and height) were selected as
independent variables for the AIx in both male
subjects and female subjects.

Discussion

The AIx showed significant relationships with
markers of kidney function. The AIx also showed
significant relationships with markers of
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atherosclerosis, such as the hs-CRP and urinary 8-
iso-prostaglandin F2α concentrations, and the CAVI.
Multiple regression analysis indicated that urinary
albumin, hs-CRP, and urinary 8-iso-prostaglandin F2α

concentrations were independent variables for the
AIx as a subordinate factor, following adjustments
for gender, height, and pulse rate, which are known
to strongly affect the AIx.

Several studies have indicated the importance of a
decrease in GFR during cardiovascular events1,2,14,
and the eGFR is commonly used worldwide to
evaluate the stage of chronic kidney disease. In the
present study, the AIx showed a significant negative
correlation with the eGFR on simple linear
regression analysis ; however, the correlation
coefficient was only -0.15, and multiple regression
analysis indicated that the eGFR was not an
independent variable for AIx as a subordinate factor.
Therefore, AIx must be considered a variable
different from the GFR, and the measurement of
both eGFR and AIx would be of benefit when
evaluating cardiovascular risk in patients with
preserved kidney function.

Microalbuminuria is an important cardiovascular
risk factor, and epidemiological studies have
revealed that an increase in urinary albumin
concentration during the normoalbuminuria phase is
also an important risk factor for cardiovascular
disease15,16. Therefore, from the perspective of
preventing cardiovascular disease, urinary albumin
concentration should be decreased to the lowest
possible level. The urinary albumin concentration is
considered to reflect not only glomerular
hypertension but also systemic endothelial function17.

Conversely, Shirai et al. have reported that the
CAVI, which is essentially the stiffness parameter of
a long segment of arterial wall, is unaffected by
blood pressure at the time of measurement13. In the
present study, both the urinary albumin
concentration and the CAVI showed significant
positive correlations with the AIx on simple linear
regression analysis; however, multiple regression
analysis indicated that the CAVI was not an
independent variable for AIx as a subordinate factor,
even though urinary albumin concentration was. In
fact, several clinical studies have found that the AIx

is elevated when arterial wall stiffness increases18;
however, the present data indicate that the AIx
does not reflect arterial wall stiffness in patients
without apparent kidney disease. Soga et al. have
also reported a close relationship between the AIx
and endothelial dysfunction, which was estimated by
means of flow-mediated vasodilation in the brachial
artery19. Endothelial dysfunction is the first step in
the progression to atherosclerosis; furthermore,
endothelial dysfunction is independently related to
future cardiovascular events. Therefore, AIx could
potentially be an important target factor for the
prevention of cardiovascular events which is not
detectable by evaluation of arterial stiffness in
patients with preserved kidney function.

Recent basic and clinical studies have shown that
chronic inflammation and oxidative stress in vivo
contribute to the development of atherosclerosis20―22.
In the present study, multiple regression analysis
revealed independent associations between the AIx
and the hs-CRP concentration, as a marker of
inflammation, and with the urinary 8-iso-
prostaglandin F2α concentration, as a marker of
oxidative stress. Several clinical studies have also
found that the serum CRP and isoprostane
concentrations have close relationships with the
AIx23,24. These results suggest that an increase in
inflammation or oxidative stress in vivo plays an
important role in increasing the arterial wave
reflection. Therefore, early intervention, to decrease
inflammation and oxidative stress, could prevent
cardiovascular disease resulting from a decrease in
the AIx in patients with preserved kidney function.

The AIx is decreased by vasodilators, such as
calcium channel blockers, angiotensin II receptor
antagonists, and nitrates25,26. Conversely, various
drugs, including vasodilators and statins, decrease
inflammation and oxidative stress in vivo27,28. In the
present cross-sectional study, AIx showed no
significant relation with medications, such as
antihypertensive drugs or statins. However,
prospective study is warranted to examine the
effectiveness of these drugs from the viewpoint of
the AIx, inflammation, and oxidative stress;
consequently, new applications for these drugs for
preventing cardiovascular disease will likely be
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discovered.
The present study had several limitations.

Treatment with antihypertensive drugs was stopped
24 hours or more before measurement to avoid
influencing AIx. However, 24 hours was not enough
to avoid the effects of long-acting drugs, such as
amlodipine. The AIx showed significant relationships
with various markers of atherosclerosis. However,
this was a cross-sectional study in patients with no
history of cardiovascular events. Therefore, it
remains unclear whether elevation of the AIx is a
cardiovascular risk factor in patients with preserved
kidney function. Prospective studies involving larger
numbers of subjects are necessary to confirm the
significance of the AIx as a risk factor for primary
cardiovascular events in patients with preserved
kidney function, and cut-off values for the AIx
should be determined to indentify high-risk patients.
Furthermore, an extensive examination of basic and
clinical studies investigating the significance of the
AIx is required.

In conclusion, results of the present study indicate
that the AIx reflects oxidative stress, inflammation,
and the urinary albumin concentration in patients
with preserved kidney function and suggest that an
elevated AIx can be used to predict primary
cardiovascular events in patients with preserved
kidney function.
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