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Background: Light-to-moderate alcohol consumption
is associated with a decreased risk of ischemic cardiovas-
cular disease, whereas increased alcohol intake is related
to hypertension and intracerebral hemorrhage. We studied
the effect of alcohol consumption on the augmentation
index (AIx), a measure of arterial wave reflection in a
population of healthy young men.

Methods: Three hundred twenty-nine men (mean age
28 years) from the Atherosclerosis Risk in Young Adults
study (ARYA-study) were studied. The level of alcohol
consumption and risk factors for cardiovascular disease
were determined. The AIx was estimated by radial appla-
nation tonometry using a Sphygmocor device. The relation
between alcohol intake level and AIx was determined
using linear regression models.

Results: There was a positive graded relation between

alcohol intake and AIx. Subjects who did not drink, who
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drank 1 to 2 glasses/d, or who drank �3 glasses of
alcohol/d had, respectively, a �0.6% (95% confidence
interval [CI] �4.2, 3.0), 0.2% (95% CI �2.6, 2.9), and
3.4% (95% CI 0.2, 6.7) difference in AIx compared with
very light drinkers (�1 glass/d). After adjustment for
current smoking, body mass index and HDL-cholesterol,
those consuming �3 glasses/d had a 3.29% (95% confi-
dence interval CI 0.01, 6.7) higher AIx compared with
those consuming �1 glass/d.

Conclusions: In a population of healthy young men, the
heaviest drinkers had a significantly higher AIx. This finding
supports the evidence that increased alcohol consumption is
related to vascular damage at young age. Am J Hypertens
2005;18:792–796 © 2005 American Journal of Hyperten-
sion, Ltd.
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M oderate alcohol consumption is associated with
reduced ischemic cardiovascular disease risk
compared to no alcohol consumption and exces-

sive alcohol consumption. These studies support the pro-
tective concept of moderate alcohol consumption.1 The
reduced risk of cardiovascular disease (CVD) with mod-
erate alcohol consumption may be explained by an in-
crease of HDL cholesterol,2 a decrease in inflammatory
factors such as C-reactive protein,3 or an increase in fi-
brinolytic activity.4 In addition, several studies in the
middle-aged and the elderly have indicated that moderate
alcohol consumption may be associated with reduced ca-
rotid intima media thickness5 and reduced aortic stiffness
or pulse wave velocity (PWV).6,7 Apart from effects of
alcohol on vascular characteristics and cardiovascular
events, increased alcohol has been shown to increase the
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risk of hypertension.8,9 Data on the relation of alcohol with
vascular structure come mostly from studies in middle-
aged or elderly persons. Few data are available on the
effect of excessive levels of alcohol consumption at young
age and therefore we set out to study the vascular effects of
alcohol in young adult men by measuring the augmenta-
tion index (AIx).

Augmentation index is a measure of arterial wave reflec-
tion, defined as the difference between early and late pressure
peaks divided by pulse pressure,10 and is proposed as a
marker for CVD,11 which may reflect “vascular damage” in
its early stage. An increased AIx has been related to risk
factors of CVD, such as elevated blood pressure (BP), hy-
percholesterolemia,12 diabetes,13 and smoking.14 In addition,
an increased AIx is associated with CVD risk15,16 and with
prevalent CVD.11 Furthermore, because alcohol consumption
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may have acute vasodilatory17,18 and BP-lowering19 effects,
it may affect wave reflections. However, chronic alcohol
consumption of more than 30 to 60 g/d is associated with an
increased BP.1,8,9 The effect of alcohol consumption on AIx
has not been investigated frequently. Therefore, we investi-
gated the effect of alcohol consumption on AIx in young,
healthy, male adults.

Methods
Study Design and Population

The rationale and design of the Atherosclerosis Risk in
Young Adults (ARYA) study have been described else-
where.20 In short, the Utrecht cohort of the ARYA study
consists of 750 young adults (352 men, 398 women) born
between 1970 and 1973, who attended secondary school in
the city of Utrecht, the Netherlands, and of whom the
original medical records from the Municipal Health Care
were available. These records contained data about birth
parameters such as birth weight, length at birth, and ges-
tational data. To be eligible for the ARYA-study birth
weight had to be known and also data of at least one BP
measurement obtained at adolescence. From October 1999
to December 2000 the participants visited the outpatient
clinic of our department twice in a 3-week period. The
Medical Ethical Committee of the University Medical
Center Utrecht approved the ARYA-study and all partic-
ipants gave written informed consent. As the variation in
alcohol consumption is much larger in men than in
women, we decided to restrict the study to the male
subjects of the cohort.

Cardiovascular Risk
Profile at Young Adulthood

During the first visit, anthropometric measurements were
performed. Height, weight, and waist-to-hip ratio were
measured with indoor clothes without shoes. At each visit
BP was measured twice after 5 min rest with an interval of
5 to 15 min on the left arm in a sitting position using a
semiautomated device (Dynamap; Critikon, Tampa, FL)
without replacing the cuff between the two measurements.
Mean systolic and diastolic BP were calculated as the
mean of two BP measurements. Pulse pressure (PP) was
calculated as (systolic BP � diastolic BP) and mean
arterial pressure (MAP) was calculated as (2 � diastolic
BP � systolic BP)/3. Despite that the Dynamap provides
MAP estimates directly, unfortunately during the study
only the systolic and diastolic BP levels were entered into
the ARYA database. A written standardized questionnaire
was completed on cardiovascular risk factors, such as
smoking pattern, alcohol consumption, and family history
of (risk factors for) cardiovascular disease. In the ARYA
questionnaire subjects had to select 1 of 5 options to
categorize their usual alcohol intake. (0; �1; 1 to 2; 3 to
5, and �5 glasses/d). During the second visit fasting

venous blood samples were drawn. Total cholesterol (TC),
HDL cholesterol, triglycerides (TG), and glucose were
determined using a Vitros950 dry-chemistry analyzer
(Johnson & Johnson, Rochester, NY). Low-density li-
poprotein cholesterol was calculated using the Friedewald
formula. Carotid–femoral PWV was measured as de-
scribed previously.21

Measurement of AIx

Vascular measurements were performed using the Sphygmo-
Cor Blood Pressure Analysis System (Sydney, Australia).
Aortic pulse waveform, AIx, and central aortic pressures
were derived by aplanation tonometry on the radial artery.
Radial pressure waveforms were recorded with a microma-
nometer (Millar SPT-301, Millar Instruments, Houston, TX).
The obtained pressure waveforms were calibrated with a
peripheral BP value of the brachial artery. Subsequently, the
radial pressure waveforms were transformed into a single
calibrated waveform. Ascending aortic pressure was derived
from the central pressure waveform, using a generalized
transfer function that is incorporated in the SphygmoCor
device.22 Finally, AIx (the difference between early and late
pressure peaks divided by pulse pressure) was calculated and
expressed as a percentage.

Measurements were repeated in a subset of 28 subjects
in a period of several weeks to assess the reproducibility of
the AIx measurement. The intraclass correlation coeffi-
cient of the repeated measurements was 0.65, unadjusted
for BP differences between the visits.

Data Analysis

For a few subjects data on alcohol consumption, labora-
tory tests, or AIx were missing (n � 23). Therefore, data
of 329 subjects were available for the analyses. Because
the group that consumed more than 5 glasses/d was small
(n � 7), it was pooled with the group of subjects that
consumed 3 to 5 glasses/d.

The association of alcohol consumption with AIx was
examined in two ways. First, AIx was calculated for each
alcohol intake level adjusted for age, height, heart rate, and
MAP using general linear models. These adjustments were
based on the literature indicating that these factors are
major determinants of Aix.23–26 To validate the self-re-
ported information on alcohol intake we studied the rela-
tion of alcohol intake level with HDL-cholesterol level as
increased alcohol intake is related to an increase in HDL-
cholesterol.2 Second, multivariable regression analysis
using dummy variables was performed to investigate re-
lation of alcohol intake level with AIx. For this analysis
the group drinking less than 1 glass/d was used as a
reference (n � 141). After adjustment for age, height,
heart rate, and MAP (model A), current smoking and BMI
were added to the model (model B). The HDL-cholesterol
was added to determine whether the alcohol effect was
related to HDL-cholesterol level (model C). Finally, PWV
was added to the model because it is positively related to

AIx, as an increased PWV results in earlier wave reflec-
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tions and thus a higher AIx. Furthermore, there is evidence
that PWV is inversely related to alcohol consumption.6,7

The P values � .05 were regarded statistically signif-
icant. Data were analyzed using SPSS version 11.0 for
Windows (SPSS, Chicago, IL).

Results
The general characteristics of the study population are pre-
sented in Table 1. Those factors that were related to alcohol
intake showed linear relationships. The HDL-cholesterol
level gradually increased with increasing alcohol intake.
There was no evidence for nonlinear relationships between
general characteristics and alcohol intake. Age, height, heart
rate, and MAP adjusted AIx increased with increasing alco-
hol intake: from 2.4 (standard error 1.6), to 3.0 (0.9), to 3.2
(1.1), to 6.5 (1.4) with alcohol intake levels of 0, �1, 1 to 2,
and 3 or more glasses/d. When BMI and current smoking
were additionally included in the model (model B in Table 2),
the group with a drinking level of �3 glasses/d remained to
have a statistically significant higher AIx compared with the
group drinking �1 glass/d. Further adjustment for HDL-
cholesterol (model C) did not essentially change this result
(Table 2).

The result of model A in Table 2 seemed to indicate
that the shape of the relation was linear, whereas models B
and C seemed to indicate a more J-shaped relation. We
further explored this by fitting a model with an added
quadratic component. This, however, did not improve the
fit of the model (R2 increased from 16.7% to 16.9%), and
thus not supporting the concept of a J-shaped relation.

Because in earlier studies alcohol had been related to
PWV (n � 229), we performed adjustment for PWV

Table 1. General characteristics of the study popul

0 glasses/day <1

Number of subjects 42
Age (y) 28.5 (0.98) 2
SBP (mm Hg) 133 (15)
DBP (mm Hg) 75.5 (11) 7
PP (mm Hg) 58.2 (10) 5
MAP (mm Hg) 95 (12)
Heart rate (beats/min) 66 (9)
Height (cm) 182 (7)
Weight (kg) 80.6 (12) 8
BMI (kg/m2) 24.3 (3.8) 2
Waist/hip ratio 0.89 (0.07) 0
Glucose (mmol/L) 5.0 (0.4)
Triglycerides (mmol/L) 1.14 (0.64) 1
Total cholesterol (mmol/L) 4.6 (0.9)
LDL-cholesterol (mmol/L) 2.8 (0.93)
HDL-cholesterol (mmol/L) 1.30 (0.33) 1
Current smokers (%) 7.1
Ejection duration (ms) 319 (21)
Augmentation index 1.6 (11.5) 2
Pulse wave velocity (m/s) 6.44 (0.82) 6
Values are means with standard deviations in parentheses, or percentag
(model D, Table 2). This, however, did not affect the
magnitude of the relation with AIx for the group with the
highest drinking level in comparison with the reference
group.

Discussion
This report from the ARYA-study shows that young sub-
jects who drink �3 glasses alcohol per day have a signif-
icantly higher AIx compared to persons who drink
�1 glass/d. This relation remained after adjustment for
risk factors, HDL-cholesterol and PWV.

To appreciate the findings some limitations of the present
study need to be discussed. First, for the assessment of
alcohol intake a questionnaire was used. This might have
introduced misclassification of exposure as selective under-
reporting might have occurred in the heavier drinking
groups.27 Our finding that increasing HDL-cholesterol is
related to increasing alcohol consumption argues against a
major misclassification. In addition, generally misclassifica-
tion in alcohol intake will lead to an attenuation of the
associations. Second, no information was available on the
type of alcoholic beverage, changes in drinking behavior, and
drinking pattern. The first issue does unlikely affect our
results considerably, as most of the effect of alcohol is due to
the alcohol itself rather than to other components in the
drink.28 Changes in drinking behavior will probably not be
important, because our study population consists of young
adults. Yet, because binge drinking occurs frequently in
young male adults,29 drinking pattern may have affected our
results. Unfortunately it was not possible to address binge
drinking because this information was not collected. Third,
the AIx was estimated from the radial pressure waveform

n (n � 329 men) by alcohol consumption categories

ss/day 1–2 glasses/day >3 glasses/day

1 90 56
(0.89) 28.3 (0.95) 28.3 (0.85)
(12) 131 (11) 132 (12)
(7.9) 72.5 (8.4) 75.4 (9.8)
(10) 58.7 (8.5) 56.4 (10)
(8) 92 (9) 94 (10)
(9) 61 (9) 61 (10)
(6) 185 (6) 185 (7)
(14) 82.4 (12) 82.0 (12)
(3.6) 24.1 (3.4) 24.0 (3.1)
(0.06) 0.87 (0.06) 0.87 (0.06)
(1.6) 5.1 (0.4) 5.3 (0.8)
(0.75) 1.26 (0.63) 1.39 (0.27)
(1.0) 4.7 (1.0) 4.8 (0.8)
(0.90) 2.8 (0.96) 2.86 (0.77)
(0.28) 1.34 (0.30) 1.39 (0.27)
3.3 44.4 46.4
(18) 330 (18) 332 (17)
(10.7) 3.26 (10.9) 6.93 (11.7)
(0.79) 6.40 (1.17) 6.20 (0.65)
atio

gla

14
8.4
133
3.9
8.7
94
63

183
4.8
5.2
.90
5.2
.45
4.9
3.1
.23

3
326
.98
.25
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using a generalized transfer function.22 The generalized
transfer function was developed with data of a study popu-
lation of men and women with an indication for diagnostic
cardiac catheterization and our study population differs in that
respect. Studies have been performed comparing “true” in-
vasively measured AIx and estimated AIx by applanation
tonometry, indicating that the estimated AIx is sometimes
underestimated22,30 or overestimated31 and the correlation
between measured and estimated AIx varies from relatively
good30 to relatively poor.31 Currently, use of the transfer
function is debated.32–35 The previous mentioned stud-
ies22,30,31 were not clear as to whether the difference between
the true measured values and the estimated values is a ran-
dom phenomenon or whether it is due to a shift in the
distribution. If the first would be true this would lead to an
underestimation of the true associations (bias toward the null
value). If the second would be the case associations would be
valid, but the magnitude of the associations would be too
high or too low. We assume that if the transfer function
would generate complete random values we would find no
associations at all, and this is not the case in our study.

To the best of our knowledge, this is the first study in
a population of young healthy adults, showing that alcohol
consumption of �3 units/d results in a significantly higher
AIx. Mahmud and Feely36 studied both acute and chronic
effects of alcohol consumption and the effects on AIx. In a
study among 3 men and 5 women (age range 21 to 40
years) a decrease in AIx was found 90 min after consump-
tion of 500 mL of red wine, independent from the effect of
alcohol on BP.36 In the same article, they reported on
findings of a study population of 324 men and women (age
range 18 to 86 years). The AIx was higher (12% � 2%) in
men with excessive (�21 units/week, n � 67) alcohol
intake than those with less (�21 units/week) alcohol in-
take (5% � 1%). When differences in BP were taken into
account, the statistical significance was lost. For women,
no relation was found. Unfortunately,36 no dose-dependent
data was provided for the relation of alcohol consumption
and AIx in a dose-dependent manner. Sierksma et al6

studied the dose-dependent relation of alcohol consump-
tion on wave reflections and PWV among healthy post-

Table 2. Change in AIx (%) per alcohol intake leve

Alcohol
Intake
Level

(glasses/d) N Model A M

0 42 �0.61 [�4.19; 2.97] 0.34 [�
�1 141 Reference Re
1–2 90 0.15 [�2.60; 2.89] 0.01 [�
�3 56 3.44 [.23; 6.65]* 3.27 [.

Values are linear regression coefficients [95% confidence interval].
Model A: adjusted for age, height, heart rate, and MAP.
Model B: adjusted for age, height, heart rate, MAP, current smok
Model C: as model B but with HDL-cholesterol.
* P � .05.
menopausal women aged 50 to 74 years. For PWV an
inverse relation was shown, whereas for AIx no relation
was observed when physiologic parameters as age, height,
and ejection duration were taking into account. A similar
report by Sierksma et al7 but in middle-aged and elderly
men showed a J-shaped relation of alcohol with PWV. In
those middle-aged men, alcohol consumption was one of
the determinants of AIx, showing a U-shaped relationship
independent of physiologic factors (van Trijp MJCA, et al.
unpublished) The observed differences between studies
may be due to differences in validity of the assessment of
alcohol consumption (between men and women), in sam-
ple size, in pathophysiology of the pathway of how alcohol
may affect wave reflections, and in the prevalence of other
risk factors related to AIx. In the latter case it may become
more difficult for alcohol to show relations with AIx when
other factors are more prevalent (eg, increased age).37

Results of our study have been adjusted for the most
important determinants of AIx (ie, age, height, heart rate, and
MAP). Additional adjustment for BMI and current smoking
did not influence the relation of alcohol consumption with
AIx. Addition of HDL-cholesterol to the model did not
materially change the relation. Furthermore, adjustment for
PWV did not change the relation, suggesting that the relation
of alcohol with AIx is independent from arterial stiffness.
However, the relation between PWV and AIx in this dataset
was not very strong (Spearman correlation coefficient of
0.14) and given the moderate reproducibility of both PWV
and AIx, adjustment may not completely remove the arterial
stiffening component from the relation.

In our study subjects with the highest drinking level had
a significantly higher AIx. Although an increased AIx has
been related to elevated levels of cardiovascular risk fac-
tors,11–16 the precise clinical implications of an increased
AIx needs to be established.

In conclusion, this study provides evidence that in a
cohort of young male adults, subjects drinking �3 or more
alcoholic beverages per day have a significantly higher
AIx in comparison with subjects drinking �1 beverage per
day.

mpared with very light drinkers

l B Model C Model D

; 3.97] 0.35 [�3.30; 3.99] �0.502 [�4.76; 3.72]
ce Reference Reference
; 2.77] 0.03 [�2.75; 2.81] 0.11 [�3.27; 3.48]
.50]* 3.29 [.01; 6.58]* 4.01 [.18; 8.08]*

MI.
l co

ode

3.30
feren
2.74

04; 6

ing, B

Model D: as model C but with PWV.
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Additional Reference
van Trijp MJCA, Bos WJW, Muller M, van der Schouw
YT, Grobbee DE, Bots ML: Alcohol consumption and
arterial wave reflection in middle aged and elderly men
(submitted).
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