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BACKGROUND: Consumption of 1–2 alcoholic beverages
daily has been associated with a lower risk of cardiovas-
cular disease and all-cause mortality in middle-aged and
older adults. Central blood pressure has emerged as a
better predictor of cardiovascular risk than peripheral
blood pressure. However, the effects of habitual alcohol
consumption on central blood pressure particularly in
young adults, who are among the largest consumers of
alcohol in North America, have yet to be investigated.
OBJECTIVE: We aimed to study the effect of alcohol con-
sumption on central and peripheral blood pressure, and
arterial stiffness in young adults.
DESIGN: Cross-sectional observational study.
MAINMEASURES:Using a standardized questionnaire,
alcohol consumption (drinks/week) was queried; par-
ticipants were classified as non- (< 2), light (2–6), mod-
erate (women 7–9, men 7–14), and heavy drinkers
(women > 9, men > 14). Central blood pressure and
arterial stiffness were measured using applanation
tonometry.
KEY RESULTS: We recruited 153 healthy, non-smoking,
non-obese individuals. We found a U-shaped effect of al-
cohol consumption on blood pressure. Light drinkers had
significantly lower central systolic and mean arterial
blood pressure, but not peripheral blood pressure when
compared to non- and moderate/heavy drinkers (P <
0.05). No significant associations with arterial stiffness
parameters were noted.
CONCLUSIONS: A U-shaped relationship was found be-
tweenalcohol consumption and central andmean arterial
blood pressure in young individuals, which importantly,
was shifted towards lower levels of alcohol consumption
than currently suggested. This is the first study, to our
knowledge, that examines the effect of alcohol consump-
tion on central blood pressure and arterial stiffness exclu-
sively in young individuals. Prospective studies are need-
ed to confirm the relationships observed herein.
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INTRODUCTION

Young adults in their twenties and early thirties are among the
largest consumers of alcohol in North America.1, 2 Given that
the rates of alcohol consumption among young adults surpass
those of all other age groups, it is especially important to
examine the cardiovascular risks and benefits of alcohol con-
sumption in this population.
Whereas excessive alcohol intake is known to be detrimen-

tal, light–moderate drinking has been shown to be cardiopro-
tective in middle-aged adults. A U- or J-shaped relationship
between alcohol consumption and cardiovascular risk,3–5 ar-
terial stiffness,6–10 and peripheral blood pressure11, 12 in
middle-aged adults has been found. Current guidelines suggest
that if alcohol is consumed, it should be in moderation, limit-
ing daily consumption to one alcoholic beverage in women
and two in men.13, 14

There is a known disparity between central and peripheral
blood pressure.15 Central blood pressure has been identified as
a potentially superior predictor of cardiovascular risk when
compared to peripheral blood pressure.15 However, there is
limited evidence of the effect of alcohol consumption, partic-
ularly light–moderate drinking, on central hemodynamics es-
pecially in a young population.
The current study, therefore, aims to investigate the chronic

effect of alcohol consumption on both peripheral and central
hemodynamics, including the assessment of central pressure,
wave reflection, pulse pressure amplification, and arterial
stiffness.

METHODS

Participants

Participants were recruited as part of a larger study evaluating
the effects of smoking on vascular health16; all available data
from non-smoking participants were considered for this anal-
ysis. Advertisements for the study were posted widely on
Montreal area and McGill University websites to recruit a
representative sample of young adults. Eligible participants
were healthy non-smokers, aged 18 to 45, with BMI < 30 kg/
m2 (height and weight were measured on the day of the
assessment). Subjects with cardiovascular disease or risk

Received August 12, 2020
Accepted February 14, 2021
Published online March 5, 2021

2975

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-021-06665-0&domain=pdf


factors (i.e., diabetes mellitus, hypertension, dyslipidemia, and
metabolic syndrome), renal disease, respiratory diseases, au-
toimmune diseases (i.e., rheumatoid arthritis, systemic vascu-
litis, systemic lupus erythematosus), or currently pregnant
were excluded from the study. Subjects had to report feeling
well and not taking any medications regularly (including
cardioprotective agents, oral contraceptives, or antidepres-
sants). The completed questionnaire was reviewed carefully
by a member of the research team to confirm eligibility for the
study.

Ethics

Written informed consent was obtained from all participants.
The study was approved by the Research Ethics Board of the
McGill University Health Centre (08-020 MP-CUSM-GEN).

Assessment of Alcohol Consumption

Alcohol consumption was assessed through a standardized
written questionnaire. One drink was defined as 148 mL (5
oz) of wine, sherry or port, 355 mL (12 oz) of beer or ale, and
44 mL (1.5 oz) of spirits as per Center for Disease Control
guidelines.14 Participants were categorized into the following
4 groups based on weekly alcohol consumption: non-drinkers
(< 2 drinks/week), light drinkers (2–6 drinks/week), moderate
drinkers (7–9 drinks per week for women, and 7–14 drinks/
week for men), and heavy drinkers (> 9 drinks/week for
women, and > 14 drinks per week for men). These cutoff
points were chosen to mimic the recommendation for alcohol
consumption in middle-aged adults.13, 14

Study Protocol

Subjects were instructed to abstain from all caffeine-
containing beverages and flavonoid-containing foods for at
least 12 h before the assessment. Strenuous exercise and
alcohol consumption were also prohibited in the 24 h leading
up to the assessment.
Immediately prior to the assessment, subjects were asked to

lie in a supine position for 10 min in a temperature (22 ± 1 °C)
and humidity (60 ± 5%) controlled room. Peripheral blood
pressure was measured in triplicate using a cuff sphygmoma-
nometer (HEM-705CP, Omron Healthcare, Kyoto, Japan).
Following the Canadian Hypertension guidelines,14 the first
measure was discarded, and the average of the subsequent two
measures was reported. Pulse wave analysis (PWA), carotid-
femoral pulse wave velocity (cfPWV), and carotid-radial pulse
wave velocity (crPWV) measurements were performed using
applanation tonometry (SphygmoCor, AtCor Medical, Syd-
ney, Australia). Measurements were repeated until good-
quality recordings were within 0.5 m/s, and the average value
was reported. PWA was used to calculate augmentation index
(AIx), central blood pressure, and heart rate. An average radial
pressure waveform was generated from 10 s of sequential
radial pressure waveforms. The system software used a

previously validated generalized transfer function to translate
the average radial artery waveform to a corresponding central
pressure waveform which, in turn, was used to determine the
central blood pressure and AIx.17 Measurements were repeat-
ed until two good-quality recordings had AIx values within
4%, and the average value of those two recordings was
reported. Heart rate–corrected AIx was also calculated through
the system software. Lastly, pulse pressure amplification, de-
fined as the quotient between peripheral pulse pressure and
central pulse pressure, was calculated [pulse pressure amplifi-
cation = peripheral pulse pressure/central pulse pressure].

Statistical Analyses

Means, medians, and frequencies were used to summarize the
demographic characteristics of the participants. Demographic
characteristics of the different groups “non-,” light, moderate,
and heavy drinkers were compared on age, body mass index
(BMI), alcohol consumption, and years of alcohol consump-
tion. Analysis of variance (ANOVA) and the chi-square test
were used to test for between-group differences in continuous
and categorical variables, respectively. Hemodynamic and
arterial stiffness parameters were compared using analysis of
covariance (ANCOVA), adjusting for relevant covariates such
as age, sex, BMI, and duration of alcohol consumption.
CfPWV, crPWV, AIx, and heart rate–corrected AIx were also
adjusted for mean arterial pressure (MAP). The Tukey-Kramer
method was applied to account for multiple pairwise compar-
isons. SAS version 9.4 software (SAS Institute, 100 SAS
Campus Dr, Cary, NC) was used for all statistical analyses.

Data Availability

The datasets during and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

RESULTS

We recruited 153 healthy non-smokers (79 male, 74 female),
aged 25.2 ± 6.4 years, with a median of 3 [IQR 0.5, 5.0] drinks
per week, and for 3 [IQR 0.8, 4.0] years. Due to the small
number of participants in the heavy drinking category (3
women consumed > 9 drinks/week, 4 men consumed > 14
drinks per week), these participants were included with the
moderate drinking group. However, it should be noted that
hemodynamic and arterial stiffness parameters were compara-
ble between the moderate and the heavy drinking groups
(Appendix, Supplementary Table 1). For convenience, the
combined group will be referred to as “moderate drinkers.”
Therefore, participants were classified as non-drinkers (42%),
light (40%), and moderate drinkers (18%). Descriptive statis-
tics are reported in Table 1.
There were no differences between the groups in dietary

habits and physical activity levels (based on the questionnaire,
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data not shown). Participants in the non-drinking group were
older (27.4 ± 7.7 years) than the light and moderate groups
(23.5 ± 4.2 and 23.7 ± 5.8 years, respectively), and analyses
were adjusted for age to account for this. A weak relationship
between the amount of alcohol consumption and years of
consumption was noted, and accounted for by adjusting for
the duration of drinking. A greater proportion of moderate/
heavy drinkers were White when compared to the light and
non-drinkers.
A U-shaped relationship was observed between alcohol

consumption and measures of central and peripheral blood
pressure (Fig. 1); a significant between-group difference was
observed for all blood pressure indices. More specifically,
light drinkers had significantly lower central systolic blood
pressure (SBP) than both non-drinkers and moderate drinkers
when adjusting for all covariates and considering multiple
pairwise comparisons, as described in the statistical section.
A similar pattern was observed for MAP (Table 2).
Peripheral SBP also followed a U-shaped relationship;

light drinkers had lower SBP than non-drinkers and mod-
erate drinkers, but this difference was not significant once
multiple testing was accounted for. Similarly, both central
and peripheral DBP were lowest in light drinkers, but not
conclusively (Table 2). No significant differences were
found for cfPWV, crPWV, AIx, AIx heart rate corrected,
pulse pressure amplification, and heart rate between the
three groups (Table 2). Unadjusted values of hemodynam-
ic and arterial stiffness parameters are presented in the
Appendix (Supplementary Table 2).

DISCUSSION

Our results demonstrated a U-shaped association between
alcohol consumption and both central and peripheral blood
pressure in a young population. After adjusting for possible
confounders, we demonstrated that light drinkers had

significantly lower central systolic and mean arterial blood
pressures when compared to non-drinkers and moderate
drinkers. In contrast, this effect was not seen with peripheral
blood pressure. Importantly, a shift of the U-shaped curve
towards lower levels of consumption was noted in this young
population; light drinking (2–6 drinks/week) has more favor-
able effects on central systolic and mean arterial blood pres-
sures when compared to non- or moderate drinking.
The results from the current study are particularly important

since blood pressure in young adulthood is predictive of future
cardiovascular events.19 Large prospective cohort studies have
shown that even a small increase in blood pressure, within the
upper limit of normal, early in life is associated with future
adverse cardiovascular events.19

In our study, we specifically assessed central blood pressure
in addition to peripheral blood pressures. This is important as
discrepancies between these two measures have been shown,
especially in young healthy individuals; for the same periph-
eral blood pressure, the central blood pressure might signifi-
cantly vary between individuals.15 Furthermore, central blood
pressure has been demonstrated to be an independent predictor
of future CV events; a 10 mmHg increase in central systolic
BP is associated with a 9% increased risk for CVD events.20

There is also evidence to suggest that central blood pressure is
a better predictor of cardiovascular outcomes than peripheral
blood pressure,21–25 and treatment regimens for hypertension
have been shown to exert different effects on central blood
pressure for the same effect on peripheral blood pressure.26 It
is, therefore, relevant that in the current study of young indi-
viduals we examined the effect of alcohol not only on periph-
eral but also on central blood pressure. Interestingly, periph-
eral and central SBP were significantly lower in light drinkers
when compared to non-drinkers and moderate drinkers, but
this difference only persisted for central systolic and mean
arterial BP once multiple testing was accounted for.
Previous studies in middle-aged and older adults have

found that both central blood pressure and cfPWV are

Table 1 Baseline Characteristics of Participants

Non-drinkers (n = 64) Light drinkers (n = 61) Moderate drinkers (n = 28) P value

Sex (% men) 51.5 52.5 50.0 0.98
Age (years) 27.4 ± 7.7 23.5 ± 4.2 23.7 ± 5.8 0.001
Body mass index (kg/m2) 22.5 ± 2.9 22.0 ± 2.2 22.8 ± 2.7 0.35
Ethnicity, N (%)
White 35 (55%) 48 (79%) 26 (93%) < 0.001
Black 1 (2%) 0 (0%) 1 (4%) 0.334
Asian 21 (33%) 8 (13%) 0 (0%) 0.193
Hispanic 3 (5%) 2 (3%) 0 (0%) 0.842
Other 4 (6%) 3 (5%) 1 (4%) 1.000

Alcohol consumption (drinks/week) 0.2 [0.0, 1.0] 4.0 [3.0, 5.0] 9.0 [8.0, 12.0] < 0.001
Beer 0.0 [0.0, 0.3] 2.0 [1.0, 3.0] 6.0 [4.0, 7.5] < 0.001
Spirits 0.0 [0.0, 0.0] 0.0 [0.0, 1.0] 2.5 [0.0, 4.5] < 0.001
Wine 0.0 [0.0, 0.1] 1.0 [0,0, 2.0] 1.0 [0.0, 2.5] < 0.001

Alcohol consumption (years) 0.5 [0.0, 3.0] 3.0 [2.0, 4.0] 3.0 [2,0, 5.0] < 0.001

Values are expressed as a percentage, mean ± standard deviation or median [interquartile range], as appropriate. Body mass index was missing for n
= 1 participant in the non-drinking group, and n = 2 participants in the light drinking group. Categories outlined by the National Institute of Health
were used for reporting ethnicity18

2977Daskalopoulou et al.: Alcohol and Central Blood PressureJGIM



significantly lower in moderate drinkers.7–9 Furthermore, ex-
cessive alcohol consumption has been associated with higher
cfPWV, brachial-ankle PWV, and central blood pressure.27–29

We also examined the effect of alcohol consumption on meas-
ures of arterial stiffness (cfPWV, crPWV) and wave reflection
(AIx, AIx heart rate corrected) and did not find a U-shaped
association in these parameters. This could be due to the
absence of heavy drinkers, or at least for AIx and AIx heart
rate corrected due to the fact that they were adjusted for
peripheral MAP (which has a U-shaped effect). There is
evidence from an earlier study in young men that AIx is higher
in heavy drinkers when compared to light drinkers, but a
higher threshold was set for heavy drinking (≥ 3 drinks/
day).30 Importantly, no significant differences in AIx were
observed when comparing moderate drinkers or non-drinkers
to light drinkers. Another possible explanation could be the
absence of a more permanent arterial damage due to unfavor-
able alcohol patterns at this early stage in young individuals.
Taken together, the above data suggest that in a younger
population light alcohol consumption reduced predominantly
the total peripheral resistance rather than affected pressure wave
reflections and aortic stiffness.
Potential mechanisms of a cardioprotective effect of alcohol

have been identified in previous studies in the general adult

population (but not specifically in youth). For example, an
analysis of the Framingham Offspring Cohort showed that
light-to-moderate alcohol use is associated with lower levels
of fibrinogen, plasma viscosity, factor VII, and von Wille-
brand factor.31 Moderate alcohol intake (up to 1 drink per day
for women and 2 drinks per day for men) is also associated
with significantly increased circulating levels of high-density
lipoprotein cholesterol, apolipoprotein AI, adiponectin, and
significantly decreased fibrinogen levels.32 In addition, the
resveratrol found in red wine is known to have potent antiox-
idant and anti-inflammatory effects.33

Although guidelines for alcohol consumption in the general
adult population exist,13, 14 there are no specific studies and
recommendations addressing alcohol consumption in young
adults. Canadian and American surveys have shown that the rate
of alcohol consumption peaks in the twenties and early thirties
and drops in the later years.1, 2 Therefore, an evaluation of the
chronic effect of alcohol consumption on both peripheral and
central hemodynamics is relevant and few studies have addressed
this population specifically. A sub-study of the Nurses’ Health
Study II evaluated the association between alcohol consumption
and subsequent hypertension risk in 70,891 young women (aged
25–42 years). They found that the relative risk of hypertension in
this population according to alcohol consumption followed a J-

Figure 1 The U-shaped relationship between alcohol consumption and blood pressure. *P < 0.05 vs. light drinkers after applying the Tukey-
Kramer correction for multiple comparisons. Error bars reflect the standard error.
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shaped curve.34 Interestingly, the relative risk reached the lowest
point among women who drank 0.25–0.50 drinks per day, and
their riskwas 14% lower than in non-drinkers.34 This translates to
1.75–3.5 drinks per week, which is consistent with our findings.
However, the study included only women, the mean age was 35
and did not include subjects below the age of 25. Interestingly,
there is also more recent data from ameta-analysis in older adults
indicating that even moderate drinking (1–2 drinks per day), the
current threshold adopted in alcohol consumption guidelines, is
associated with an increased risk for hypertension in
men.35 Therefore, a lower limit (2–6 drinks per week, i.e., light
drinking) may support more optimal blood pressure in young
adults and lower the risk of developing hypertension.
There are limitations to this study. The sample size is

relatively small. Nevertheless, we were able to reach signifi-
cance in several of our analyses even after adjusting for
possible confounders. Assessment of alcohol consumption
was determined by a self-administered questionnaire, which
could generally be subject to recall bias and under-reporting.
However, self-report is a standard method to assess alcohol
consumption in the literature, and the reliability of this method
is well-established,36 including among younger adults.37 Fur-
thermore, lifestyle factors may differ between non-, light, and
heavier drinkers and this could influence blood pressure lev-
els.38 However, this is less likely in our study, given that there
were no differences in dietary and physical activity habits.
Furthermore, all participants had similar BMI, and they were
all non-smokers and apparently healthy. A greater proportion
of moderate/heavy drinkers wereWhite when compared to the
light and non-drinkers. This was mainly driven by a larger
number of Asian participants in the non-drinking and light
drinking groups. While we acknowledge that race and ethnic-
ity have been shown to influence blood pressure and cardio-
vascular risk,39, 40 central systolic blood pressure was identical
between Asian and White participants in our study (both 93

mmHg). Furthermore, peripheral systolic blood pressure was
also very similar (109 mmHg and 108 mmHg in White and
Asian participants, respectively).
The current study did not include a separate group of heavy

drinkers. However, we specifically aimed to examine the
effect of lighter drinking on vessel hemodynamics. Interest-
ingly, increased alcohol consumption was shown to be asso-
ciated with increasing hemodynamic parameters even at the
level of moderate consumption. Additionally, our results are
not necessarily generalizable to all young adults, including
those who smoke or have other risk factors or cardiovascular
disease. However, given the strong association between smok-
ing and cardiovascular risk factors with blood pressure and
arterial stiffness, we opted to study a population without these
confounding variables in order to isolate the effect of alcohol
alone.
Applanation tonometry is an operator-dependent technique.

However, all measurements were in accordance with the
SphygmoCor internal quality control system, and the opera-
tors underwent extensive training prior to the study. Further-
more, central blood pressures were not measured directly, but
rather calculated non-invasively through PWA. However, this
method has been validated extensively in the previous litera-
ture with intra-arterial catheterization.41–43 Moreover, central
blood pressure data derived with the same method are closely
associated with all-cause as well as cardiovascular mortality.20

Since this was a cross-sectional study, we were only able to
find associations and not causation. Further prospective stud-
ies utilizing a longitudinal approach towards examining the
effects of habitual alcohol consumption in young adulthood on
cardiovascular outcomes are needed to establish causation.
These studies should assess a wide variety of cardiovascular
outcomes, ranging from central and peripheral blood pressures
and arterial stiffness to hypertension, atherosclerosis, and vas-
cular events with long-term follow-ups.

Table 2 Comparing Hemodynamic Parameters Between Non-, Light, and Moderate Young Drinkers

Non-drinkers Light
drinkers

Moderate
drinkers

P value

Peripheral SBP (mmHg) 110.2 ± 1.1* 106.8 ± 1.1 111.0 ± 1.6* 0.03
Peripheral DBP (mmHg) 68.7 ± 1.0* 65.4 ± 0.9 68.6 ± 1.4 0.04
Central SBP (mmHg) 94.3 ± 1.0*† 90.9 ± 0.9 95.1 ± 1.4*† 0.01
Central DBP (mmHg) 69.5 ± 1.0* 66.3 ± 1.0 69.2 ± 1.4 0.05
MAP (mmHg) 81.0 ± 1.0*† 77.2 ± 0.9 81.0 ± 1.3*† 0.01
Carotid-femoral PWV (m/s) 6.1 ± 0.1 6.0 ± 0.1 5.8 ± 0.1 0.25
Carotid-radial PWV (m/s) 7.3 ± 0.1 7.6 ± 0.1 7.6 ± 0.2 0.26
AIx (%) − 1.9 ± 1.3 − 1.5 ± 1.2 0.7 ± 1.8 0.48
AIx heart rate corrected (%) − 7.2 ± 1.3 − 7.6 ± 1.3 − 7.0 ± 1.8 0.96
Pulse pressure amplification 1.68 ± 0.02 1.67 ± 0.02 1.63 ± 0.02 0.22
Heart rate (bpm) 62.1 ± 1.1 61.3 ± 1.1 59.0 ± 1.6 0.29

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PWV, pulse wave velocity; AIx, augmentation index
Values are presented as mean ± standard error. All variables were adjusted for sex, age, body mass index, and years of alcohol consumption. PWV,
AIx, and AIx heart rate corrected were adjusted for MAP in addition to the variables mentioned above. Central SBP/DBP was missing in n = 1
participant in the non-drinking group, and n = 2 in the light drinking group
*P < 0.05 vs. light drinkers
†P < 0.05 vs. light drinkers after applying the Tukey-Kramer correction for multiple comparisons
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Lastly, more research, specifically examining the associa-
tion between drinking patterns and central hemodynamic
measurements, is needed. For example, binge drinking is
consistently associated with increased risk for hypertension
and cardiovascular disease in middle-aged and older adults. In
younger adults, binge drinking has been associated with
higher peripheral blood pressure.44 In our study, although
questions were asked to capture binge drinking, the majority
of participants were social drinkers; only one person consum-
ing more than 11 units of alcohol per week reported drinking
more than usual from time to time. Therefore, we were not
able to assess the impact of binge drinking on central hemo-
dynamics in our study.
To our knowledge, this is the first study to examine and

provide support for a U-shaped effect of alcohol on central
systolic and mean arterial blood pressure in young adults,
which was not apparent when evaluating differences in pe-
ripheral SBP. Although previous studies in middle-aged and
elderly populations have addressed this issue, no studies spe-
cific to young adults have been performed. In comparison to
studies conducted in the general adult population, an interest-
ing difference was observed. More specifically, it is light as
opposed to moderate drinking that appears beneficial in youn-
ger populations. Prospective studies are needed to confirm the
relationships observed herein.
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