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Aims: This prospective observational study, which utilized repeated annual measurements performed over a
9-year period, applied mixed model analyses to examine age-related differences in longitudinal associations
between alcohol intake and arterial stiffness, pressure wave reflection, and inflammation.

Methods: In 4016 middle-aged (43 =9 years) healthy Japanese male employees, alcohol intake, brachial-ankle
pulse wave velocity (baPWYV), radial augmentation index (rAl), and serum C-reactive protein (CRP) levels were
measured annually during a 9-year study period.

Results: The estimated marginal mean baPWV (non-drinkers=1306 cm/s, mild-moderate drinkers=1311 cm/s,
and heavy drinkers=1337 cm/s, P<0.01) and that of rAl showed significant stepped increases in an alcohol dose-
dependent manner in the entire cohort, but an increase in rAl was not observed in subjects aged > 50 years. The
estimated slope of the annual increase in baPWV, but not rAl, was higher for heavy drinkers than for non-
drinkers (slope difference, 1.84; P<0.05), especially for subjects aged <50 years (slope difference, 2.84; P<
0.05).

Conclusion: In middle-aged male Japanese employees, alcohol intake may attenuate inflammatory activity.
While alcohol intake may exacerbate the progression of arterial stiffening in a dose-dependent manner without
mediating inflammation, especially in subjects under 50 years of age, it may promote pressure wave reflection
abnormalities with aging at earlier ages without further exacerbation at older ages.
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intake with these three pathophysiological

Introduction abnormalities related to CVD®¥. However, alcohol

While heavy alcohol intake has been reported as
a risk factor for cardiovascular disease (CVD), some
studies have reported that mild-moderate intake
decreases this risk" ?. The underlying mechanisms of
the association between alcohol intake and the
development of CVD have not been fully clarified.
Arterial stiffness, abnormal pressure wave reflection,
and inflammation are risk factors for CVD?3*, and
some studies have reported the association of alcohol

intake is also associated with conventional risk factors
for CVD, such as hypertension, obesity, or abnormal
glucose/lipid metabolism?, and the significance of the
effects of alcohol intake on the abovementioned
pathophysiological abnormalities have not been fully
examined because of the confounding effects of these
risk factors. In addition, these three pathophysiological
abnormalities are associated each other, and these
associations may have age-related differences (i.c.,
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2007 and 2015
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Employees working at the headquarters of a Japanese construction
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Male subjects who were eligible for inclusion in the main analysis

Fig.1. Flow diagram of the subjects enrolled in the study

inflammation affects arterial stiffness and pressure
wave reflection, and arterial stiffness and pressure wave
reflection affect each other, especially in subjects aged
<50 years) 36 10-19

This longitudinal observational study attempted
to clarify these issues. Therefore, mixed model analyses
using repeated measurement data'¥ were applied to
examine age-related differences in the longitudinal
associations between the amount of alcohol intake
(i.e., non, mild-moderate, and heavy) with arterial
stiffness, pressure wave reflection, and inflammation
simultaneously.

Methods

The data, analytical methods, and study materials
will not be available to other researchers to
avoidreproduce the results or replicating the
procedure.

Design and Subjects

This study uses data from a previously reported
prospective observational study, which examined the
longitudinal association between arterial stiffness and
cardiovascular risk status” ' ! 19 This study
population consisted of employees working at the
headquarters of a single large Japanese construction
company located in downtown Tokyo (all the study
participants were office clerks). According to the
Occupational Health and Safety Law in Japan, all
company employees must undergo annual health
checkups, and since 2007, annual measurements of
the brachial-ankle pulse wave velocity (baPWV) and

the radial augmentation index (rAl) have been

conducted. Verbal informed consent was obtained
from each of the study participants prior to their
participation in this study. This study obtained
approval from the Ethical Guidelines Committee of
Tokyo Medical University (No. 209 and No. 210 in
2003).

The health checkup data obtained for the years
2007 through 2015 were used for the present study.
Of the 5857 employees at the headquarters of the
construction company who had undergone a baPWV
(a marker of arterial stiffness) measurement, we
excluded 834 subjects who underwent the
measurement only once during the study period (most
of these were temporary employees), 334 subjects
whose baPWV measurements were thought to be
unreliable or inaccurate, and 673 women. Finally, data
for the remaining 4016 men were included in the
present analyses. The subject selection flow diagram is
shown in Fig.1. In 2012, serum C-reactive protein
(CRP) was not measured.

# Assessment of Alcohol Intake

Habitual alcohol intake was assessed using a self-
administered questionnaire. The level of alcohol intake
was evaluated using two parameters: average drinking
frequency (days/week) and average amount consumed
each week (mL). The average daily alcohol intake (g/
day, ethanol equivalent) was then calculated for each
subject. The subjects were further categorized
according to their daily alcohol intake as estimated
from their responses to the questionnaire: 0 (non-
drinker category), 1-19 g/day (mild—moderate alcohol
intake category), and over 20 g/day (heavy alcohol
intake category).
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# Measurement of baPWV and rAl

These measurements were offered as optional
tests during the health checkups, which were
conducted in the morning after the patients had fasted
overnight. In addition, all the participants were
instructed to abstain from smoking and caffeine intake
but were allowed to take their regular medications (if
applicable) with a small amount of water on the
morning of their visit for a health checkup.

The baPWV was measured using a volume-
plethysmographic apparatus (Form/ABI, Omron
Healthcare Co., Ltd., Kyoto, Japan), as previously
described” 111519 Briefly, occlusion cuffs connected
to both the plethysmographic and oscillometric
sensors were tied around both the upper arms and
ankles of the subjects who were in supine position.
Still in the supine position, measurements were
conducted after the subjects had rested for at least 5
min in an air-conditioned room (maintained at 24 C)
designated exclusively for this study.

Measurement of the rAl was conducted after the
subjects had rested for at least 5 min in a seated
position. The left radial arterial waveform was
recorded using an arterial applanation tonometry
probe equipped with an array of 40 micro
piezoresistive transducers (HEM-9010AI; Omron
Healthcare Co., Ltd.). Subsequently, the first and
second peaks of the radial pressure waveform (SBP1
and SBP2, respectively) and brachial diastolic pressure
(DP) were automatically detected using the fourth
derivatives for each radial arterial waveform and then
averaged. The rAl was calculated as follows: (SBP2 -
brachial DP) / (SBP1-brachial DP)x 100 (%)'V.
SBP1 minus SBP2 was calculated (deltaSBP1-2) as
the marker of the peripheral pulse pressure
amplification in the heart—arm segment.

The order in which the baPWV and the rAl
measurements were performed was randomly
determined.

The reproducibility and accuracy of these
measurements have been reported to be acceptable
elsewhere! 1),

# Laboratory Measurements

Based on the results of the questionnaire, the
smoking status (i.e., current smoker or not),
medication history, and history of illness were
confirmed. Serum concentrations of triglyceride (TG),
low-density lipoprotein cholesterol (LDL), high-
density lipoprotein cholesterol (HDL), and creatinine,
as well as the plasma glucose concentration and
glycohemoglobin Alc (HbAlc), were measured using
standard enzymatic methods (Falco Biosystems Co.
Ltd, Tokyo). Serum CRP was measured using the
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latex-aggregation method (Falco Biosystems Co Ltd,
Tokyo) 9. All the blood samples were obtained in the
morning after the patients had fasted overnight.

# Statistical Analysis

Data are expressed as the means+SD. The
differences in the measured values between the
baseline and final examinations were assessed using
the paired #-test for continuous variables and the
McNemar non-parametric test for categorical
variables. The minimum value of serum CRP was set
at 0.5 mg/L'". In assessing age-related differences,
subjects were divided by age 50 at the baseline of the
study period into two groups.

The differences in the longitudinal status and the
rate of change of the variables during the study period
were assessed according to the three drinking
categories using a mixed model linear regression
(MML) analysis'”. In the MML analysis, the three
categories of alcohol intake (i.e., non, mild-moderate
and heavy drinker) were entered as a fixed effect
variable that interacted with time (time in years from
the baseline); for the adjustments, age, body mass
index, mean blood pressure, heart rate, serum levels of
LDL, HDL, TG, HbAlc, uric acid, and creatinine,
and smoking status plus a history of medication for
hypertension, dyslipidemia, diabetes mellitus, and
hyperuricemia (for each medication, not receiving
medication=0, receiving medication=1) were entered
as random effects variables. The differences in the
longitudinal statuses of the variables among the three
drinking categories were assessed using the estimated
marginal mean of the variables. The differences in the
rates of change of the variables during the study
period among the three drinking categories were
assessed using the difference in the estimated slopes of
the annual changes in the variables during the study
period.

All analyses were conducted using SPSS software
(version 28.0; IBM/SPSS Inc., Armonk, NY, USA). A
value of £<0.05 was considered as being indicative of
a statistically significant difference.

Results

Table 1 summarizes the clinical characteristics of
the study participants. The amount of alcohol intake,
baPWYV, and rAl increased significantly over time. The
mean follow-up period was 6.3+2.5 (median=7.0)
years, and the measurements were repeated 5.2 +2.1
(median=5.0) times. The clinical characteristics of the
three drinking categories in all the study subjects are
summarized in Supplementary Table 1.

Fig.2 shows the means and error bars of the
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Table 1. Clinical characteristics of the overall study population

Parameter Baseline Final
Age, years 43.2+9.5 48.5+9.6%
BMI, kg/m? 24.0+3.1 24.2+32°
Smoking (current), 7 (%) 1269 (31.6) 1004 (25.0)*
ALC (Ethanol g/day) 12.8+11.1 14.4+11.9°
Systolic BB, mmHg 123.7+14.2 123.4+14.8
Diastolic B, mmHg 75.3%10.8 75.5%£10.9
Mean BP, mmHg 91.5+11.2 91.5+11.7
Heart rate, beats/min 64.9+9.5 64.6+ 9.7b
baPWV, cm/s 1289187 1342+217°
AL % 69.5+13.4 72.5+12.7°
HDL, mg/dL 62.2%15.7 61.2+15.3°
LDL, mg/dL 125.7+30.5 123.9+29.9%
TG, mg/dL 125.3+87.7 121.3+83.3%
UA, mg/dL 62+12 6.0+1.2%
HbAlc, % 5.3+0.6 5.5%0.6"
Creatinine, mg/dL 0.855+0.114 0.861+0.124*
CRP (mg/L) 1.04+1.64 1.01+1.54
Medications
Receiving medication for hypertension, 7 (%) 304 (7.6) 615 (15.3)*
Receiving medication for diabetes mellitus, 7 (%) 6 (2.4) 172 (4.3)*
Receiving medication for dyslipidemia, 7 (%) 107 (2.7) 284 (7.1)*
Receiving medication for hyperuricemia, 7 (%) 186 (4.6) 245 (6.1)*

Abbreviations: BMI=body mass index; Smoking=number of current smokers; ALC=daily alcohol intake; BP=blood pressure;
baPWV =brachial-ankle pulse wave velocity; Al=augmentation index; HDL=serum high-density lipoprotein cholesterol;
LDL=serum low-density lipoprotein cholesterol; TG=serum triglyceride; UA=serum uric acid; HbAlc=glycosylated
hemoglobin Alc; Creatinine=serum creatinine; CRP=serum C-reactive protein levels; Medications, number and percentage of
subjects receiving medications;; * =P<0.01 vs. baseline; ° =P<0.05 vs. baseline
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Fig.2. Annual changes in brachial-ankle pulse wave velocity values, radial augmentation index values, and serum CRP levels among
three drinking categories, and number of data points from the start to the end of the study period for three drinking categories

Abbreviations: baPWV =brachial-ankle pulse wave velocity, rAl=radial augmentation index, CRP =C-reactive protein; Heavy=number of
heavy drinker in each year; Mi/Mo=number of mild-moderate drinker in each year; Non=number of non-drinker in each year; Total = total
number of subjects in each year; open circle=non-drinker; gray-circle = mild-moderate drinker; black circle=heavy drinker

195



Shiina et al.

Table 2. Crude and adjusted values of the estimated marginal mean of the brachial-ankle pulse wave velocity, radial augmentation
index, and serum C-reactive protein levels and differences in the annual increases in the brachial-ankle pulse wave velocity,
radial augmentation index, and serum C-reactive protein levels during the study period among 3 drinking categories in all
the study subjects

EMM crude 95% CI EMM adjust 95% CI eSlope crude 95% CI eSlope adjust 95% CI

For baPWV

Non 1306 1297-1315 1272 1264-1281 ref - ref -

Mi/Mo 1311 1306-1318 1280 1274-1286 0.58 -1.29-2.46 0.91 -0.844-2.65

Heavy 57 1330-1344  1302°° 1295-1309 1.33 0.64-3.30 1.84° 0.00-3.68
For rAl

Non 70.0 69.3-70.7 72.0 71.3-72.7 ref - ref -

Mi/Mo 70.9% 70.4-71.3 72.9% 72.5-73.3 0.01 -0.13-0.14 0.00 -0.13-0.13

Heavy 72.5% 72.0-72.9 74.5%° 74.0-75.0 -0.12 -0.26-0.03 -0.12 -0.26-0.02
For CRP

Non 1.15 1.06-1.24 1.13 1.04-1.22 ref - ref -

Mi/Mo 1.04% 0.99-1.08 1.02% 0.97-1.06 0.00 -0.03-0.03 0.00 -0.03-0.03

Heavy 1.01% 0.96-1.06 0.99? 0.94-1.05 0.01 -0.02-0.04 0.01 -0.02-0.04

Abbreviations: EMM crude and adjust=estimated marginal mean of the variable in a crude model and an adjusted model, respectively; eSlope
crude and adjust=slope of annual changes in the variable during the study period in a crude model and an adjusted model, respectively; 95%
CI=95% confidence interval; Heavy=heavy drinker; Mi/Mo=mild-moderate drinker; Non=non-drinker; ref=reference. The covariates for the
adjustment were age, body mass index, mean blood pressure, heart rate, serum levels of LDL, HDL, TG, HbAlc, uric acid, and creatinine, and
smoking status plus history of medication for hypertension, dyslipidemia, diabetes mellitus and/or hyperuricemia (for each medication, not
receiving medication =0, receiving medication=1); a= < 0.05 vs. non-drinker; b=2<0.05 vs. mild-moderate drinker.
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Fig.3. Annual changes in the brachial-ankle pulse wave velocity values and radial augmentation index values among three drinking
categories in subjects-aged <50 years and those aged > 50 years

Abbreviations: square=subjects aged > 50 years; rhombus=subjects aged <50 years; open=non-drinker; gray=mild—moderate drinker;

black = heavy drinker

annually measured values of baPWYV, rAl, and serum
CRP levels among the three drinking categories; Fig. 2
also shows the number of available data points from
the start to the end of the study period for three
drinking categories in each year. The crude and
adjusted values of the estimated marginal mean of the
baPWYV, rAl, and serum CRP levels and those values
for the differences in the annual increases in the
baPWYV, rAl, and serum CRP levels during the study
period among the three drinking categories in all the
subjects are shown in Table 2. The estimated marginal

mean of the baPWV and that of the rAl showed a
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significant stepped increase along with alcohol intake
even after adjustment, while that for the serum CRP
levels was lower in drinkers than in non-drinkers.
After the adjustment, the estimated slope of the
annual increase in baPWV was higher in heavy
drinkers compared with non-drinkers.

Fig.3 shows the means and error bars of the
annually measured values of baPWV and rAl in
subjects aged <50 and > 50 years. The crude and
adjusted values of the estimated marginal mean of the
baPWYV and rAl and those values for the differences
in the annual increases in baPWV and rAl among the
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Table 3. Crude and adjusted values of the estimated marginal mean of the brachial-ankle pulse wave velocity and radial
augmentation index and differences in the annual increases in the brachial-ankle pulse wave velocity and radial
augmentation index during the study period among 3 drinking categories in subjects under 50 years of age and those over

50 years of age
EMM 95% CI EMM 95% CI eSlope 95% CI eSlope 95% CI
crude adjust crude adjust

Age <50 years (n=2869)
For baPWV

Non 1251 1242-1260 1229 1220-1237 ref ref

Mi/Mo 1258 1252-1263 1236" 1230-1241 1.02 -0.87-2.91 1.12 -0.65-2.90

Heavy 1279°°  1273-1285  1256%°  1250-1262  2.73% 0.73-4.74 2.84° 0.96-6.97
For rAl

Non 66.7 66.0-67.4 69.1 68.3-69.9 ref ref

Mi/Mo 68.0* 67.5-68.4 70.3? 69.8-70.8 -0.03 -0.19-0.13 -0.05 -0.20-0.10

Heavy 695"  69.0-700  71.7**  71.1-722  -0.11 0.28-0.07 -0.12  -0.28-0.04
For CRP

Non 1.17 1.08-1.27 1.19 1.08-1.29 ref ref

Mi/Mo 1.04% 0.99-1.08 1.02% 0.97-1.07 0.01 -0.02-0.04 0.01 -0.02-0.04

Heavy 1.01* 0.95-1.07 0.99° 0.92-1.05 0.01 -0.03-0.05 0.01 -0.03-0.05
Age > 50 years (n=1147)
For baPWV

Non 1434 1412-1457 1403 1381-1424  ref ref

Mi/Mo 1451 1437-1465 1420° 1407-1434 0.16 -4.32-4.94 2.01 -2.41-6.43

Heavy 1483%°  1469-1497  1447°®  1432-1461  -2.33 7.22-255 055 -3.98-5.08
For rAl

Non 78.4 77.2-79.5 80.4 79.2-81.5 ref ref

Mi/Mo 78.6 77.9-79.3 80.6 80.2-81.3 0.06 -0.21-0.32 0.07 -0.19-0.33

Heavy 79.2 78.5-79.9 81.2 80.5-81.8 -0.03 -0.30-0.24 -0.02 -0.29-0.24
For CRP

Non 1.00 0.87-1.14 0.98 0.84-1.13 ref ref

Mi/Mo 1.00 0.92-1.07 1.01 0.92-1.09 -0.01 -0.06-0.05 -0.01 -0.06-0.05

Heavy 1.04 0.96-1.11 1.04 0.95-1.12 0.03 -0.02-0.09 0.03 -0.02-0.09

Abbreviations: Age <50 and >50 = subjects aged <50 and = 50 years, respectively; other abbreviations and covariates for the adjustment are
described in the footnote of Table 2; a= 2<0.05 vs. non-drinker; b=2<0.05 vs. mild-moderate drinker.

three drinking categories in subjects aged <50 years
and those aged > 50 years are shown in Table 3. The
estimated marginal mean of the baPWV and that of
the rAl showed a significant stepped increase along
with alcohol intake even after adjustment in subjects
aged <50 years old. On the other hand, that of the
baPWYV, but not the rAl, showed a significant stepped
increase along with alcohol intake even after
adjustment in subjects aged > 50 years old. Even after
adjustment, the estimated slope of the annual increase
in baPWV was significantly higher in subjects with
heavy alcohol intake compared with that for non-
drinkers, in subjects aged <50 years but not in those
aged > 50 years. However, the estimated slope of the
annual change in rAl during the study period was not
different between the heavy drinker and the non-
drinker categories in both age-classified groups. The
estimated marginal mean of the serum CRP levels was

lower in drinkers than in non-drinkers, in subjects
aged <50 years but not in those aged = 50 years
(Table 3).

Discussion
To the best of our knowledge, this study is the

first to examine age-related differences in the
association between the amount of alcohol intake and
arterial stiffness, pressure wave reflection, and
inflammation using a mixed model analysis conducted
with repeated measurement data from a 9-year period.
The longitudinal statuses of baPWYV, rAl, and the
serum CRP levels were assessed using the estimated
marginal mean values during the study period, and
the annual rates of change were assessed using the
difference in the slopes of annual changes of variables
during the study period among each of the drinking
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categories in all the subjects. Then, these assessments
were conducted in subjects aged <50 years and those
aged = 50 years since the rAl reportedly exhibits a
phased increase with age until the age of 50 years, but
not after 50 years'> 1310,

Several cross-sectional studies as well as
prospective studies have reported a significant
association between heavy alcohol intake and increased
arterial stiffness® 7 1829, Nevertheless, whether heavy
alcohol intake exacerbates the progression of arterial
stiffening remains unclear. In this study, based on a
comment in the JSH2019 2V, an alcohol intake of
1-19 g/day was defined as mild-moderate intake,
while an intake of over 20 g/day was defined as heavy
intake. Of note, alcohol intake affects conventional
risk factors for CVD, and these risk factors act to
increase arterial stiffness® ¥. To clarify the direct or
indirect effect of alcohol intake on arterial stiffness,
previous longitudinal studies assessed arterial stiffness
at two points (baseline and at the end of the study
period)” '820; this strategy was even used in the
O’Neill study, which examined the association of
alcohol consumption trajectories with arterial
stiffness?”. Therefore, the influence of confounding
factors on the association of alcohol intake with
arterial stiffness was not fully excluded in these
previous studies. This study analyzed repeated
measurement data using mixed model analyses to
reduce the influence of confounding variables'”. In
this study, the mild-moderate and heavy alcohol
intake categories showed stepped increases in the
estimated marginal mean of the baPWV during the
study period; therefore, alcohol intake may
longitudinally increase arterial stiffness in a dose-
dependent manner. In addition, the slope of the
annual change in baPWYV, which may reflect the
annual progression of baPWV, was higher in heavy
drinkers than in non-drinkers, especially among those
aged <50 years. Thus, heavy alcohol intake may
exacerbate the progression of arterial stiffening.
Because arterial stiffness reflects macro-vascular
damage?”, heavy alcohol intake may exaggerate the
progression of macro-vascular damage.

Age affects the progression of arterial stiffness® 4.
As shown in Table 3, the estimated marginal mean
value of baPWV was 1279 in subjects aged <50 years
and was 1483 those aged > 50 years. Then, in the
MML analysis, an age of = 50 years affected the
longitudinal association of alcohol intake with arterial
stiffness (estimate=167, 95% confidence
interval=152-183, P<0.01). Thus, aging may
augment heavy alcohol intake-related increase of
arterial stiffness. JSH 2019 recommends alcohol
intake of less than 20-30 g of ethanol per day?. In
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this study, the estimated marginal mean of the
baPWYV was higher in subjects with an alcohol intake
of over 30 g ethanol per day than in those with an
alcohol intake of 20-30 g ethanol per day (data not
shown). Thus, alcohol intake may longitudinally
increase arterial stiffness in a dose-dependent manner.

The augmentation index is a marker of pressure
wave reflection in the systemic arterial tree® !'-1322; in
addition to arterial stiffness (macro-vascular damage),
other factors such as peripheral vascular damages
(microvascular damage) are thought to contribute to
abnormal pressure wave reflection??. Cross-sectional
studies have already reported a significant association
between heavy alcohol intake and abnormal pressure
wave reflection®??. On the other hand, several studies
have reported that the age-related increase in the
augmentation index was blunted in subjects aged > 50
years as a result of impedance mismatch !> 29 In this
study, the mild—moderate and heavy alcohol intake
categories showed stepped increases in the estimate
marginal mean of the rAl during the study period in
subjects aged <50 years, but not in those aged > 50
years. However, the slope of the annual change in rAl
during the study period was similar between the heavy
drinker and the non-drinker categories in both age-
classified groups. Based on these findings, alcohol
intake may promote abnormalities in the pressure
wave reflection with aging at an earlier stage in a dose-
dependent manner, but they may not exacerbate this
abnormality to further extent. In addition, when the
baPWV, which reflects abnormality in large artery,
was added as an additional covariate in the analyses,
the stepped increases in the estimate marginal mean of
the rAl were also significant. Thus, microvascular
dysfunction might affect these changes at least in
parts. As mentioned above, heavy alcohol intake may
exacerbate the increase in arterial stiffness, and this
exacerbation may shift the reflection point of the
pressure wave to distal sites in the arterial tree, which
may delay the pressure wave reflection as a result of
impedance mismatch??. This might explain, at least in
part, why heavy alcohol intake did not exacerbate the
abnormalities of pressure wave reflection to a further
extent.

Conlflicting findings for the association between
alcohol intake and inflammation have been reported® 2.
In the present study, the serum CRP levels were lower
in drinkers than in non-drinkers, especially for
subjects aged <50 years. The age-related
dysregulation of interleukin-6 synthesis might affect
this age-related difference in the association of alcohol
intake and inflammation®®. While the underlying
mechanisms of this inverse association have not been
clarified, one plausible mechanism might be that
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ethanol downregulates interleukin-6 production?”.
Consistent with our previous report'?, in the present
study, serum CRP levels had a significant longitudinal
association with baPWV (data not shown). Taken
together, inflammation might not have affected the
increased arterial stiffness and abnormal pressure wave
reflection related to alcohol intake in the participants
of the present study. The precise mechanisms by
which alcohol intake affects increased arterial stiffness
and abnormal pressure wave reflection have yet to be
clarified. Several factors other than conventional risk
factors for CVD might affect arterial stiffness. Ethanol
directly causes increased matrix protease activity?®,
increased oxidative stress??, the activation of NF-x-f3
in vascular smooth muscle cells®?, and the activation
of the sympathetic nervous system?’; these factors
affect increased arterial stiffness and abnormal pressure
wave reflection.

Several studies have proposed a J-shaped
relationship between alcohol intake and cardiovascular
outcomes" ?. Based on the findings of the present
study, mild—moderate alcohol intake may provide a
beneficial effect on cardiovascular outcomes via the
attenuation of inflammatory activity, despite the mild
exacerbation of increased arterial stiffness and
abnormal pressure wave reflection. On the other hand,
heavy alcohol intake may—have harmful effects on
cardiovascular outcomes via the exacerbation of
increased arterial stiffness and abnormal pressure wave
reflection, despite the attenuation of inflammatory
activity.

Study Limitations

This study had several limitations. 1) While the
self-reporting of alcohol intake by participants has
actually been validated in a previous study?®?, this
method may have led to some underestimation of the
daily alcohol consumption of subjects. 2) The types of
alcoholic beverages consumed by the subjects were not
analyzed. 3) Habitual exercise and salt-intake were not
assessed in the present study. Both of these factors are
related to alcohol intake and also affect arterial
stiffness and pressure wave reflection. 4) The present
study was conducted in middle-aged Japanese
employees, and gender= and ethnic differences remain
to be clarified.

Conclusion

In middle-aged male Japanese employees, alcohol
intake may attenuate inflammatory activity. While
alcohol intake may exacerbate the progression of
arterial stiffening in a dose-dependent manner without

mediating inflammation, especially in subjects under
50 years of age, it may promote pressure wave
reflection abnormalities with aging at earlier ages
without further exacerbation at older ages.
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Supplementary Table 1. Clinical characteristics of among 3 drinking categories in all the study subjects at the baseline of study

Parameter Non Mi/Mo Heavy
Number of subjects 594 2210 1212
Age, years 42.9%9.7 41.9%9.3% 45.7+9.2°°
BMI, kg/m? 24.1+3.6 23.9+3.1 24.1+29
Smoking (current), 7 (%) 165 (27.8) 621 (28.1) 483 (39.9)*"
Systolic BP, mmHg 122.0%15.3 122.3%13.9 129.1+16.1%°
Diastolic BR, mmHg 743116 74.9+11.2 80.0=11.5%°
Mean BE, mmHg 90.3x11.4 90.4+10.9 94.0 + il pEE
Heart rate, beats/min 65.1+9.9 64.1+£9.2% 66.1+9.7°
baPWV, cm/s 1273+ 176 1262+165° 1347 +214°°
AL % 67.8+13.9 68.5+13.2 722%13.0%°
HDL, mg/dL 57.4£13.9 61.0%14.6% 66.7+17.3%>
LDL, mg/dL 129.8 +30.8 126.8+30.6* 121.6i29.9ab
TG, mg/dL 119.4+78.5 120.4 £ 80.4 137.2+ 102.4ab
UA, mg/dL 6.0+12 62+12° 6413
HbAlc, % 5.4+0.7 5.2+0.5% 5.3+0.6%
Creatinine, mg/dL 0.86+0.12 0.86+0.11 0.8310.11ab
CRP (mg/L) 12.3+20.0 10.1£15.9% 10.2+15.3%
Medications
Receiving medication for hypertension, 7 (%) 43 (7.2) 131 (5.9) 130 (10.7)ab
Receiving medication for diabetes mellitus, 7 (%) 24 (4.0) 39 (1.8)* 33 (2.7)
Receiving medication for dyslipidemia, 7 (%) 24 (4.0) 51 (2.3)% 32 (2.6)
Receiving medication for hyperuricemia, 7 (%) 23 (4.0) 79 (4.0) 84 (7.0)%P

Abbreviations: BMI=body mass index; Smoking=number of current smokers;
BP=blood pressure; baPWV =brachial-ankle pulse wave velocity; Al=augmentation index; HDL=serum high-density lipoprotein cholesterol;
LDL=serum low-density lipoprotein cholesterol; TG=serum triglyceride; UA=serum uric acid; HbAlc=glycosylated hemoglobin Alc;
Creatinine=serum creatinine; CRP=serum C-reactive protein levels; Medications, number and percentage of subjects receiving medications;
MEDhbp=medication for hypertension; MEDdm=medication for diabetes mellitus, MEDlipid=medication for dyslipidemia;
MEDhu = medication for hyperuricemia; a=<0.05 vs. Non; b=2<0.05 vs. Mi/Mo
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