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Abstract

Background—Although it is well established that heavy alcohol consumption increases the risk 

of hypertension, little is known about the effect of a reduction of alcohol intake on blood pressure. 

We aimed to assess the effect of a reduction in alcohol consumption on change in blood pressure 

stratified by initial amount of alcohol consumption and sex in adults.

Methods—In this systematic review and meta-analysis, we searched MedLine, Embase, 

CENTRAL, and ClinicalTrials. gov from database inception up to July 13, 2016, for trials 

investigating the effect of a change of alcohol consumption on blood pressure in adults using 

keywords and MeSH terms related to alcohol consumption, blood pressure, and clinical trials, with 

no language restrictions. We also searched reference lists of identified articles and published meta-

analyses and reviews. We included full-text articles with original human trial data for the effect of 

a change of alcohol consumption on blood pressure in adults, which reported a quantifiable change 
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in average alcohol consumption that lasted at least 7 days and a corresponding change in blood 

pressure. We extracted data from published reports. We did random-effects meta-analyses 

stratified by amount of alcohol intake at baseline. All meta-analyses were done with Stata (version 

14.1). For the UK, we modelled the effect of a reduction of alcohol consumption for 50% of the 

population drinking more than two standard drinks per day (ie, 12 g pure alcohol per drink).

Findings—36 trials with 2865 participants (2464 men and 401 women) were included. In people 

who drank two or fewer drinks per day, a reduction in alcohol was not associated with a significant 

reduction in blood pressure; however, in people who drank more than two drinks per day, a 

reduction in alcohol intake was associated with increased blood pressure reduction. Reduction in 

systolic blood pressure (mean difference −5·50 mm Hg, 95% CI −6·70 to −4·30) and diastolic 

blood pressure (−3·97, −4·70 to −3·25) was strongest in participants who drank six or more drinks 

per day if they reduced their intake by about 50%. For the UK, the results would translate into 

more than 7000 inpatient hospitalisations and 678 cardiovascular deaths prevented every year.

Interpretation—Reducing alcohol intake lowers blood pressure in a dose-dependent manner 

with an apparent threshold effect. Implementation of effective alcohol interventions in people who 

drink more than two drinks per day would reduce the disease burden from both alcohol 

consumption and hypertension, and should be prioritised in countries with substantial alcohol-

attributable risk.

Funding—National Institute on Alcohol Abuse and Alcoholism of the National Institutes of 

Health (NIH).

Introduction

Hypertension (defined as systolic blood pressure >140 mm Hg or diastolic blood pressure 

>90 mm Hg) affects more than 1 billion people worldwide and is projected to increase.1 

Hypertension is the leading single risk factor for morbidity and mortality—responsible for 

10·7 million deaths and 211·8 million disability-adjusted life-years worldwide in 2015.2 

Similarly, alcohol consumption causes an enormous and growing global disease and 

economic burden3 despite a beneficial association of low alcohol consumption with 

ischaemic heart disease.4 Consequently, alcohol consumption and raised blood pressure are 

among the top five risk factors responsible for the growing global non-communicable 

diseases (NCD) burden,2 and are key parts of the WHO goals to reduce NCD mortality by 

25% by 2025.5

The last review6 of the effects of alcohol reduction on blood pressure was done more than 15 

years ago and showed an average systolic blood pressure reduction of −3·31 mm Hg (95% 

CI −4·10 to −2·52) when alcohol consumption was reduced; results were not presented by 

sex. Women and men metabolise alcohol differently because of differences in body fat 

distribution, body size, and alcohol solubility.7 With many more studies published since 

then, we did a systematic review and dose-response meta-analysis of trials assessing the 

effect of a reduction in alcohol consumption on change in blood pressure stratified by initial 

amount of alcohol consumption and sex in adults.
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Methods

Search strategy and selection criteria

In this systematic review and meta-analysis, following the PRISMA guidelines,8 we 

systematically searched MedLine, Embase, the Cochrane library (CENTRAL), and 

ClinicalTrials.gov, from inception to July 13, 2016, for trials investigating the effect of a 

change of alcohol consumption on blood pressure in adults using keywords and MeSH terms 

relating to alcohol consumption, blood pressure, and clinical trials (appendix pp 5–6). 

Additionally, we searched reference lists of identified articles and published meta-analyses 

and reviews. Inclusion criteria were as follows: full-text article with original human trial data 

for the effect of a change of alcohol consumption on blood pressure in adults; and trials that 

reported a quantifiable change in average alcohol consumption that lasted at least 7 days and 

a corresponding change in blood pressure. We did not apply language restrictions and 

authors were not contacted. MR and OSMH did the search and extraction, and conflicts were 

solved in discussion with a third reviewer (JR).

Data extraction

We abstracted study characteristics (appendix pp 3–4) including details of alcohol and blood 

pressure assessment (ambulatory blood pressure monitoring or office measurement [sitting, 

supine, standing]) and trial design (crossover or parallel-arm). We standardised alcohol 

intake before and after the intervention to the number of standard drinks with 12 g pure 

alcohol per drink per day.

We reported drinks rather than units to have the broadest global appeal. We included three 

articles from two randomised trials on initiating alcohol consumption in near abstainers.9–11 

We labelled the high alcohol consumption period as baseline and the near abstention period 

as follow-up to make these trials comparable with all other trials. If a control group in a 

parallel-group trial reported a reduction in alcohol consumption, we included it as a 

“reduction of alcohol” group. Estimates of intervention effects by sex were preferred. 

Similarly, we preferred shorter time periods over longer time periods to avoid bias from 

potentially larger loss to follow-up. For the overall effect we preferred ambulatory blood 

pressure monitoring (24 h) over office blood pressure measurement when available. When 

only office blood pressure was reported, we preferred sitting, then supine, and then standing 

blood pressure measurement. Because of changing definitions of hypertension over time, we 

defined hypertension status at baseline as defined in the primary studies; or as taking 

antihypertensive drugs; or as mean systolic blood pressure at baseline as higher than 140 

mm Hg. We defined mixed trials as not explicitly excluding people with hypertension or 

taking antihypertensive drugs. Trials that explicitly excluded people with diagnosed 

hypertension as defined above were classified as normotensive. Some trials provided 

analyses stratified by hypertension status, in which case we included each one separately in 

the analyses on the effect of hypertension status at baseline.

Data analysis

Recognising that quality score use in meta-analyses remains controversial,12,13 we did three 

complementary quality and risk of bias analyses. We classified trials based on the following 
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criteria developed by the authors regarding technical aspects of clinical trials: more than 25 

participants in each intervention group; randomisation of intervention procedures; washout 

periods of at least 1 week in crossover trials; reported results for a control group; attrition 

lower than 20%; no significant baseline differences between intervention groups; and a 

reported confidence interval, standard error, p value or F test for blood pressure change 

before and after intervention. Trials that fulfilled all seven criteria were labelled as high 

quality. We also did a risk of bias analysis for each study using the Cochrane Risk of Bias 

tool, which includes domains such as selection, performance, detection, and reporting bias.14 

We rated the overall quality of evidence for a dose-response association using GRADE 

criteria, which are based on type of study design, consistency, magnitude, and dose-response 

gradients.15 Each study was included only once in each analysis, except in subgroup 

analyses in which hypertension status or blood pressure measurements were compared.

We pooled mean differences (MD, 95% CI) with inverse-variance weighting using 

DerSimonian-Laird random-effect models to allow for between-study heterogeneity.16 

Small-study effects were examined using Egger’s regression-based test17 and visual 

inspection of funnel plots. Variation in the effect size because of between-study 

heterogeneity was quantified using the I2 statistic.18 Applying random-effects meta-

regressions19 with a significance level p<0·1, we did analyses for the effect of: alcohol 

consumption at baseline in g per day, alcohol reduction from baseline to follow-up, hyper 

tension status at baseline categorised into people with hypertension, mixed populations, and 

normotensive people, crossover versus parallel trial design, length of the trial in weeks, 

office versus ambulatory blood pressure measurement, mean age, mean body-mass index 

(BMI), and high versus low trial quality. Analyses were done with Stata (version 14.1).

We used data from the UK to study the potential effect of population interventions for heavy 

alcohol use, assuming a coverage rate of 50% (ie, an intervention to reduce alcohol 

consumption for 50% of the population drinking more than two standard drinks per day), in 

line with the intervention rate for other interventions such as depression. We took the joint 

distributions of alcohol consumption and systolic blood pressure from the 2014 Health 

Survey of England,20 and the effect size of the intervention from the results of this meta-

analysis. The exact modelling strategy has been described in detail elsewhere21 (appendix pp 

2, 3). Analyses were done with Mathematica (version 10.4).

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all of the 

data and the final responsibility to submit for publication.

Results

Of 2320 initial references, we reviewed 176 in full text (figure 1). For the systematic review, 

we used data from 36 articles including 2865 participants, with sex-specific data from 1413 

men and 113 women.9–11,22–54 Overall, data from 2464 men and 401 women were analysed. 

Weighted mean age was 49·5 years and mean BMI was 27·1 kg/m2. 15 trials used a parallel-

arm design,9–11,22–33 and 21 used a crossover design.34–54 13 trials provided data for people 
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with hypertension (weighted mean systolic blood pressure 146 mm Hg), 12 had a mix of 

normotensives and hypertensives (weighted mean systolic blood pressure 137 mm Hg), and 

13 trials provided data for normotensive people (weighted mean systolic blood pressure 122 

mm Hg). The length of the trials ranged from 1 week to 2 years (median 4 weeks). Alcohol 

interventions ranged from controlled admin istration in a hospital setting to crossover trials 

with low alcohol content beverage substitution to pragmatic primary care trials with 

counselling to reduce consumption. We judged 12 studies from 11 trials to be of high 

technical quality.9–11,23,24,26,29,30,32,33,40,41 Only three trials presented data for women,
28,50,53 making pooled effect estimates uncertain. One trial reported office blood pressure in 

one report,9 and ambulatory blood pressure monitoring in a much smaller substudy.10 

Because of the much larger sample size, we used the trial with office blood pressure 

measurement9 for the main analyses, and the smaller substudy in a comparison of office and 

ambulatory blood pressure measurement. Trials were done in a range of high-income 

countries (table 1). The weighted mean alcohol consumption at baseline was 15, 30, 49, and 

76 g per day in participants consuming two or fewer, three, four to five, and six or more 

drinks per day at baseline. The weighted mean reduction in alcohol consumption from 

baseline was −15, −30, −40, and −32 g per day in participants consuming two or fewer, 

three, four to five, and six or more drinks per day at baseline, respectively. Thus, alcohol at 

baseline was mostly compared with abstinence or near abstinence for people who drank five 

or fewer drinks per day at baseline, and about 50% mean reduction in alcohol intake for 

people who drank six or more drinks per day at baseline.

Figures 2 and 3 show the change in blood systolic and diastolic pressure stratified by alcohol 

consumption amount at baseline. The overall effect of a reduction of alcohol consumption 

across all trials was −3·13 mm Hg (95% CI −3·93 to −2·32) for systolic blood pressure and 

−2·00 (−2·65 to −1·35) for diastolic blood pressure with substantial between-study 

heterogeneity (I2 82·0% and 79·5%, respectively). In meta-regression models, the amount of 

alcohol intake from which consumption was reduced (mean alcohol at baseline) showed a 

strong effect on the magnitude of the blood pressure reduction (β = −0·91 mm Hg; p<0·0001 

for systolic blood pressure; β = −0·75 mm Hg; p<0·0001 for diastolic blood pressure, per 

one drink per day). Alcohol intake at baseline explained 75·4% of the between-study 

variance in systolic blood pressure, and 93·4% in diastolic blood pressure.

For people who drank two or fewer drinks per day, we recorded no significant effect of 

lower alcohol intake on pooled blood pressure (figures 2 and 3, table 2). A reduction of 

alcohol consumption to near abstinence for people who drank three drinks per day resulted 

in a significant change in systolic blood pressure (MD −1·18, 95% CI −2·32 to −0·04) and 

diastolic blood pressure (−1·09, −1·61 to −0·57). Reduction in systolic blood pressure (MD 

−5·50, 95% CI −6·70 to −4·30) and diastolic blood pressure (−3·97, −4·70 to −3·25) was 

strongest in participants who drank more than six drinks per day at baseline. Results were 

similar for men and women; however, data for women were sparse.28,50,53

In analyses of systolic blood pressure, aside from the strong effect of alcohol intake at 

baseline, length of the trial (β −0·036 mm Hg per week; p=0·042) and blood pressure 

assessment method (24 h vs office, β −1·14 mm Hg; p=0·043) were significantly associated 

with blood pressure reduction in multivariate meta-regression models when alcohol at 
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baseline was controlled for. However, the improvement of explained variance was small 

(3%). Findings of subgroup analyses showed that the strong dose-response association for 

amount of alcohol intake at baseline was found in all strata (table 2). Exclusion of three 

trials24,26,33 in which the control group reduced its alcohol consumption had almost no 

effect on the findings. Similarly, healthy participants showed the same dose-response 

association for initial alcohol intake reported in all other subgroup analyses. No trial 

characteristics other than alcohol at baseline were significantly associated with diastolic 

blood pressure change and there was little heterogeneity left to explain (I2=15·4%). Of 27 

trials that reported on weight change during alcohol reduction, only ten reported a significant 

change (between −0·3 and −1·7 kg), the other trials reported no significant or no change in 

weight.

We found no evidence for small-study effects or publication bias (Egger’s test; p=0·10 and 

0·47 for systolic blood pressure and diastolic blood pressure, respectively). Leaving each 

trial out of the analysis one at a time showed no meaningful differences in effects (appendix 

pp 8–11). The Cochrane Risk of Bias method showed potential high risk of bias from 

masking and allocation concealment, and low or unclear risk in most other domains 

(appendix p 12). Using the GRADE approach, we rate the quality of the evidence for a dose-

response association as high because of the consistency, precision, and magnitude of the 

effects based on randomised controlled trial data, with high clinical importance in heavy 

drinkers.

Table 3 gives an estimate of the effect of a reduction of alcohol intake for half of the people 

in the UK general population drinking more than two drinks per day. We assumed the effect 

size based on data from table 2, specific for sex and amount of alcohol consumption. 

Overall, the proportion of people with systolic blood pressure higher than 140 mm Hg was 

estimated to fall by 4·4% for men, and 1·2% for women, with most of the effect emerging in 

mid-adulthood. This reduction of blood pressure translates into marked clinical effects, with 

7272 inpatient hospitalisations (1207 in women and 6064 in men) and 678 cardiovascular 

disease (CVD) deaths avoided every year (125 in women, 552 in men), mainly in ischaemic 

heart disease (appendix p 7).

Discussion

A reduction in alcohol consumption reduced blood pressure in a dose-dependent manner 

with an apparent threshold effect at two drinks per day. People drinking two drinks or fewer 

per day did not have a significant reduction in blood pressure when they reduced their 

alcohol consumption to near abstinence, suggesting that this amount of alcohol intake does 

not increase blood pressure. However, the more people drink beyond this level, the higher 

the subsequent reduction in blood pressure. The dose-response association was evident in 

healthy participants and people with hypertension or other CVD risk factors. The blood 

pressure reduction is similar to that of other health behaviour changes, such as physical 

activity,55 weight loss diets,56 or general behavioural counselling including diet and physical 

activity.57
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Like any meta-analysis, our findings are only as good as the underlying primary trials. 

Although there was initially substantial between-study heterogeneity, the amount of alcohol 

consumption at baseline explained almost all of this heterogeneity. There was no evidence 

for small-study effects or any overly influential single trial. The modelling of the effects on a 

population level was based on standard methods for comparative risk assessment analyses 

(eg, Global Burden of Disease studies)2,58 assuming persistence of lower alcohol 

consumption within 1 year, and no lag time of effects on CVD outcomes. However, although 

length of the trial was associated with the effect size, findings of subgroup analyses showed 

a strong dose response association for initial alcohol consumption independent of the length 

of the trial. Three trials provided multiple blood pressure measurements over the length of 

the trial.24,26,30 There was almost no difference from the first measurement to the last, which 

suggests that the effect of a reduction in alcohol consumption on blood pressure is sustained 

when lower alcohol consumption is sustained. Nevertheless, increasing attrition in longer 

trials suggests a possible risk of bias and there is a need to investigate how alcohol 

interventions should best be applied to reduce blood pressure. Some studies found a small 

change in bodyweight during the trial, which is expected because less alcohol is consumed 

and the weight change is probably part of an intermediate pathway of the effect of an alcohol 

reduction on blood pressure.

Because only three trials reported results for women,28,50,53 we have less confidence in the 

pooled effect estimates. Similarly, there was only one trial in people with hypertension who 

consumed three or fewer drinks per day. Because of the public health importance of both 

alcohol consumption and hypertension, there is an urgent need for additional research to 

clarify the effect of alcohol intake in people with hypertension at low alcohol intake and in 

women.

With regard to risk of bias, masking and allocation concealment are almost impossible to 

achieve in trials investigating lifestyle changes such as alcohol consumption. The high 

quality trials as defined by our criteria were consistent with a dose-response association 

recorded in all subgroup analyses. Because of this consistency, and the precision and 

magnitude of the effects, we rate the quality of evidence for a dose-response association as 

high. Moreover, the consistency of the dose-response association subgroups defined by CVD 

risk, study design, and study quality suggests that our findings should have high 

generalisability. Despite the evidence from randomised trial data presented here and also 

from observational data,59 the physiological mechanisms for alcohol’s effect on blood 

pressure and hypertension are still unknown.60

From a public health perspective, both alcohol consumption and raised blood pressure are 

among the most important risk factors for the global burden of NCDs.61 A reduction of both 

alcohol consumption and blood pressure has the potential for substantial synergistic health 

gains in terms of morbidity, mortality, and health-care costs; yet only about half of 

hypertension guidelines worldwide recommend a reduction in alcohol consumption to 

reduce raised blood pressure.62 Aside from the substantial estimated effect on CVD 

mortality and morbidity caused by hypertension, a reduction of alcohol consumption has 

additional effects on disease burden63 not modelled here. This would be an important 

contribution to reaching the goals of the WHO Global Action Plan for the prevention of 
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NCDs,5 which stipulates a 10% relative reduction of harmful alcohol use and a 25% 

reduction in raised blood pressure by 2025 to reduce NCD mortality by 25%. Thus, 

screening for alcohol consumption and application of brief interventions to reduce hazardous 

and harmful alcohol consumption, or referral to treatment for more severe cases,64 should be 

a priority in primary health care. Similarly, awareness and treatment for hypertension are not 

optimal,65 and might be especially important in heavy drinkers.66 For heavy drinkers, a 

reduction in alcohol consumption to two or fewer drinks per day could be the first choice in 

treatment of hypertension. In terms of alcohol policy, price increase and availability 

restrictions have been shown to be effective and cost-effective interventions to reduce 

harmful alcohol consumption on a population level.67

In conclusion, a reduction of alcohol intake reduces blood pressure in a dose-dependent 

manner with a possible threshold effect. The identification of people who drink more than 

two drinks per day and implementation of effective alcohol interventions would substantially 

reduce the disease burden from both alcohol and raised blood pressure, and should be 

prioritised in research and primary care in countries with a substantial alcohol-attributable 

disease burden to prevent and reduce NCD burden in line with WHO goals for 2025.
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Research in context

Evidence before this study

Findings of randomised controlled trials and observational studies have shown that heavy 

alcohol consumption increases blood pressure and the incidence of hypertension. The last 

review on reduction of alcohol consumption and blood pressure change is more than 15 

years old. The effects of lowering alcohol intake over a range of initial alcohol 

consumption levels have not been quantified systematically. We searched MedLine, 

Embase, the Cochrane library (CENTRAL), and ClinicalTrials.gov, from database 

inception to July 13, 2016, for trials assessing the dose-response association between 

reduced alcohol consumption and subsequent changes in systolic and diastolic blood 

pressure using keywords and MeSH terms related to alcohol consumption, blood 

pressure, and clinical trials. Additionally, we searched reference lists of identified articles 

and published meta-analyses and reviews. Inclusion criteria were as follows: full-text 

article with original human trial data for the effect of a change of alcohol consumption on 

blood pressure in adults; and trials that reported a quantifiable change in average alcohol 

consumption that lasted at least 7 days and a corresponding change in blood pressure. We 

did not apply language restrictions and authors were not contacted.

Added value of this study

In people who drank two or fewer drinks per day (12 g pure alcohol per drink), a 

reduction in alcohol intake was not associated with a significant reduction in blood 

pressure. In people who drank at least three drinks per day, a reduction of alcohol 

consumption to near abstinence was associated with a reduction in blood pressure. 

Reductions in systolic blood pressure and diastolic blood pressure were strongest in 

participants who drank six or more drinks per day for a 50% reduction in alcohol intake. 

As per our meta-analysis findings, we estimate that more than 7000 inpatient 

hospitalisations and 678 cardiovascular deaths caused by hypertension would be 

prevented per year in the UK if people who drank more than two drinks per day reduced 

their alcohol consumption.

Implications of all the available evidence

Alcohol consumption and raised blood pressure are among the most important risk 

factors for non-communicable diseases. A reduction of both alcohol consumption and 

blood pressure has the potential for substantial synergistic health gains and health-care 

costs. Identification and implementation of effective alcohol interventions in people who 

drink more than two drinks per day could substantially reduce the disease burden from 

raised blood pressure and should be prioritised.
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Figure 1: Study selection
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Figure 2: Change in systolic blood pressure by alcohol consumption at baseline, all trials
MD=mean difference in blood pressure (mm Hg). Weights (%) are the relative contribution 

of each study to the pooled mean difference in each initial drinking category.
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Figure 3: Change in diastolic blood pressure by alcohol consumption at baseline, all trials
MD=mean difference in blood pressure (mm Hg). Weights (%) are the relative contribution 

of each study to the pooled mean difference in each initial drinking category.
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