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Abstract

The combined effect of alcohol consumption and smoking on hypertension in hypertensive patients is still not
completely clear, although both are known to be cardiovascular risk factors. The aim of our study was to compare
the blood pressures and the achievement of target blood pressure as well as heart rate values of middle-aged,
non-smoking, and non-drinking hypertensive patients with those who smoke and drink regularly. From the Hun-
garian Hypertension Registry database, 12,615 patients (6,341 men and 6,274 women) aged 45-64 years were
included in the current analysis, who self-reported a smoking habit and regular alcohol consumption. The mean
age of the patients was 55.8+5.7 years (males) and 56.1+5.5 years (females). The percentage of regular smokers was
40.8% and 27.2% in men and women, respectively. 38.1% of males and 12.5% of females were regular alcohol
drinkers. The ratio of patients reaching goal blood pressure values was higher in all investigated groups of females
than in males (p<0.001). Regular smokers and drinkers have a lower percentage of reaching goal blood pressure
values: 31.1% versus 46.6% in males (p<0.001) and 41.1% versus 49.8% in females (p<0.01), respectively. The mean
pulse rate was higher in patients who are both smokers and regular drinkers. Regular alcohol consumption and
smoking decrease the chance of reaching blood pressure goal values in treated hypertensive patients of middle-age.

Keywords: alcohol consumption, smoking, blood pressure, heart rate, hypertension.

Abbreviations: ACE - angiotensin-converting enzyme; BMI - body mass index; CI - confidence interval;
CV - cardiovascular; DBP - diastolic blood pressure; GBD - global burden of disease; GLM - general linear
model; MHR - Hungarian Hypertension Registry; OR - odds ratio; SBP - systolic blood pressure; WHO - World
Health Organization.
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sociated with smoking between 1990 and 2015, ac-
cording to the World Health Organization (WHO)
regions and 195 countries. The age-adjusted global
prevalence of smokers in 2015 was 25% for men
(24.2-28.7%, 95% CI). The incidence was high-
er in 51 countries, mainly in Central and Eastern
Europe and Southeast Asia. For women, the glob-
al prevalence was 5.4% (5.1-5.7%, 95% CI), while
the incidence was higher in 70 countries, primari-
ly in Western and Central Europe. Smoking is the
third most significant risk factor for all-cause mor-
tality [1]. According to a similar worldwide survey
by GBD 2016 Alcohol Collaborators published in
2018, the global proportion of regular drinkers in
2016 was 32.5% for men and 25% for women, and
alcohol consumption was the seventh most signif-
icant mortality risk factor [2]. Based on a 30-year
observational study, Hart et al. demonstrated that
compared with those who did not smoke and drink
alcohol regularly, the combined presence of these
two risk factors significantly increased all-cause
mortality in people aged 35-64 years: it doubles
mortality from coronary artery disease, triples the
occurrence of stroke-related death, causes a fivefold
increase of mortality due to lung carcinoma, and a
tenfold chance of dying as a result of chronic res-
piratory disease [3].

Our knowledge of the effects of alcohol con-
sumption and smoking on blood pressure in hy-
pertensive patients is still incomplete. Nevertheless,
based on the available data, in the case of alcohol,
long-term regular consumption is a decisive factor,
where the correlation between the level of con-
sumption and the increase in blood pressure shows
a J-curve shape for women, while the correlation is
more linear for men [4, 5]. The effect of smoking
on blood pressure can be divided into two stages:
in the first, acute phase, the blood pressure slight-
ly decreases, but in the second, longterm phase,
the toxic effects of nicotine and carbon monoxide
make the vessel wall stiffer, and the systolic pressure
begins to rise. The underlying causes for all these
phenomena are increased sympathetic activation,
angiotensin-II efflux, and their consequences [6, 7].
This condition is also related to elevated heart rate
in all cases [8].

The aim of our study was to compare the blood
pressure, the achievement of target blood pressure,
and heart rate values of non-smokers and non-drink-
ers in middle-aged hypertensive patients with those
who smoke and drink regularly.

Material and Methods

Between 1 March and 31 May 2015, 27,399 treated

hypertensive patients were registered in the Hun-
garian Hypertension Registry (MHR). Of these,
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12,615 patients (6,341 men and 6,274 women) aged
45-64 years were included in the current analysis,
who self-reported smoking habits and regular alco-
hol consumption. The extent of the two risk factors
was not examined, so only regular smokers (>10 cig-
arettes per day) and alcohol drinkers (>28 drinks/
week for men, >7 drinks/week for women) were in-
cluded. Patients were selected continuously in the
general practitioner’s office on consecutive days us-
ing a special Hypertension Data Sheet. Patients were
checked by the general practitioner every 3 months
on average. In all patients, morning blood pressure
and heart rate values were measured (the average of
the two measurements was taken). In each case, we
measured the characteristics of obesity (body mass
index - BMI, abdominal circumference, serum tri-
glyceride levels) and registered diabetic patients.

We formed 4 groups during the analysis: Group
[: non-smoker and non-drinker, Group II: only
smoker, Group III: only drinker, Group IV: smoker
and drinker. Differences between groups were ex-
amined as a function of systolic (SBP) and diastolic
(DBP) blood pressure, target blood pressure, resting
heart rate, anthropological data, triglyceride levels,
and diabetes. Factors influencing blood pressure
values were analyzed using the multivariate gener-
al linear model (GLM) analysis, and the chance of
not reaching the target blood pressure value was
analyzed by multivariate logistic regression. The dif-
ference between the two variables was considered
significant at p<0.05.

The data collection was authorized by the
Medical Research Council Scientific and Research
Ethics Committee - ETT TUKEB - under the
21437/1/2015/EKU (152/2015) case number.

Results

The average age of the patients was 55.8+5.7 years
for men and 56.1£5.5 years for women. The prev-
alence of smoking was 40.8% and 27.2% in men
and women, respectively. 38.1% of the men and
12.5% of the women consumed alcohol regularly.
More than two-thirds of patients had been receiving
antihypertensive treatment at least for three years in
both sex categories. The majority of them were on
multiple antihypertensive treatments and the preva-
lence of monotherapy was below 15% in both gen-
ders and all subgroups. The baseline characteristics
of all four subgroups are included in Tables 1 and 2.
The differences in systolic and diastolic blood pres-
sures are shown in Figure 1 and Table 3.

The average blood pressures of men were sig-
nificantly higher than those of women in all sub-
groups. The systolic and diastolic blood pressures of
regular drinkers and smokers were also significantly
higher both in men and women when compared to
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Table 1. Baseline data in hypertensive men aged 45-46 years according to smoking and drinking habits.

1. II. II1. IV.
Males non-smoker and only only smoker and
non-drinker smoker drinker drinker

Number, n (%) 2737 (43,2) 1190 (18, 8) 1018 (16,1) 1396 (22,0)
Age, year (mean+SD) 55.7+5.8 55.5+£5.8 56.2+5.4 55.845.5
BMI, kg/m? (mean+SD) 29.6+4.7 29.1+£4.6 30.2+4.6 29.7+4.8
Abdominal circumference, 100.1£14.6 98.7 £13.9 102.7+13.9 100.9+14.8
cm (mean+SD)
Triglycerides, mmol/l (mean+SD) 2.14+1.63 2.28+2.05 2.25+1.41 2.33+1.78
Diabetes, % 25.1 23.7 21.8 31.8
Systolic blood pressure,

138.8+14.9 140.5+15.4 140.9+14.7 144.7£16.3
mmHg (mean+SD)
Diastolic blood pressure, 82.3:8.0 83.318.1 83.648.1 84.7+8.1
mmHg (mean+SD)
Pulse pressure, mmHg (mean+SD) 56.5+12.9 57.2+13.2 57.3+12.8 60.1£13.6
Heart rate, beats/min (mean+SD) 76.0+7.9 77.1+£8.0 77.5+8.8 78.3+8.6
Blood pressure <140/90 mmHg, % 46.6 43.2 423 31.1
Monotherapy (%) 14.3 9.9 12.7 8.0
Patient within 1 year 13.6 15.0 13.1 14.3
distribution 1-2 years 13.8 14.5 11.3 12.5
by duration of
treatment for 3-5 years 214 29.1 29.5 25.6
hypertension, % >5 years 45.2 41.4 46.1 47.6

BMI - body mass index; SD - standard deviation.

non-drinkers or non-smokers. In men, systolic and ~ Table 4 shows the factors determining systolic and
diastolic blood pressures are higher if they smoke  diastolic blood pressure values using GLM analysis.
or drink compared to the non-drinker, non-smoker =~ Regular smoking and drinking have a substantial

subgroup. This does not apply to women. effect on systolic blood pressure in both sex cate-
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Figure 1. Mean systolic and diastolic blood pressures (+SD), according to smoking and drinking habits.
I - non-smoker + non-drinker; II - only smoker; III - only drinker; IV - smoker + drinker; DBP - diastolic blood pressure;
SBP - systolic blood pressure.

62 ©The Author(s) 2021



J Hypertens Res (2021) 7(2):60-68

Table 2. Baseline data in hypertensive women aged 45-46 years according to smoking and drinking habits.

L 1L JUIR I\A
Females non-smoker and only only smoker and
non-drinker smoker drinker drinker

Number, n (%) 4184 (66.7) 1307 (20.8) 384 (6.1) 399 (6.4)
Age, year (mean+SD) 56.3+£5.5 55.3+5.6 56.2+5.3 55.4+5.6
BMI, kg/m? (mean+SD) 29.1+5.7 28.315.2 29.5£5.2 28.615.4
Abdominal circumference, cm (mean+SD) 94.2+14.9 93.1+14.4 95.6+15.3 93.7+£13.9
Triglycerides, mmol/l (mean+SD) 1.98+1.19 1.99£1.03 2.3£1.27 2.18+1.15
Diabetes, % 20.4 21.7 17.7 28.8
Systolic blood pressure, mmHg (mean+SD) 138.2+15.0 138.9+16.9 139.9+16.9 141.9+16.8
Diastolic blood pressure, mmHg (mean+SD) 81.948.1 82.7+8.4 82.6%8.8 82.7+8.3
Pulse pressure, mmHg (mean+SD) 56.2+12.7 56.2+12.2 57.3+13.9 59.2+14.6
Heart rate, beats/min (mean+SD) 76.2+8.0 76.9+8.6 77.3+8.9 78.1£9.3
Blood pressure <140/90 mmHg, % 49.8 47.4 45.6 41.1
Monotherapy (%) 15.1 10.8 13.0 9.3

within 1 year 15.0 16.7 19.6 15.2
Patient distribution by 1_) yearg 12,5 13.0 12.3 15.9
duration of treatment
for hypertension, % 3-5 years 28.3 30.9 35.4 29.3

>5 years 44.2 39.4 32.7 39.6

BMI - body mass index; SD - standard deviation.

Table 3. Significance of differences in blood pressure values by groups. G
smoker; Group III: only drinker; Group IV: smoker and drinker.

roup [: non-smoker and non-drinker; Group II: only

Systolic blood pressure L vs. 1. L. vs. IIL. L vs. IV. II. vs. II1. II. vs. IV. IIL. vs. IV.
Males. p-value <0.01 <0.001 <0.001 0.92 <0.001 <0.001
Females. p-value 0.38 0.1 <0.001 0.68 <0.01 0.27
Diastolic blood pressure L vs. 1. L vs. 111 L vs. IV. 1L vs. II1. 1L vs. IV. IIL. vs. IV.
Males. p-value <0.01 <0.001 <0.001 0.76 <0.001 <0.01
Females. p-value 0.013 0.38 0.23 0.99 0.99 0.99

Table 4. Analysis of the factors determining the value of blood pressure.

Systolic blood pressure. p-value

Diastolic blood pressure. p-value

Factors
Males Females Males Females

Age (45-64 years) 0.012 <0.01 <0.01 <0.001
Smoking <0.001 <0.001 <0.001 0.13
Drinking <0.001 <0.01 <0.001 0.47
Diabetes mellitus 0.07 <0.001 0.046 <0.01
BMI <0.001 <0.001 <0.001 <0.001
Triglycerides <0.001 <0.001 <0.001 <0.001

BMI - body mass index.

©The Author(s) 2021
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Prevalence of diabetes mellitus
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Figure 2. Prevalence of diabetes in male and female hyper-
tensive patients between 45-64 years of age, according to
smoking and drinking habits. I - non-smoker + non-drink-
er; II - only smoker; III - only drinker; IV - smoker +
drinker.

gories, while diastolic pressures are affected only in
men. BMI and triglyceride levels are also significant
determining factors in both genders. Diabetes prev-
alence differed significantly only in women.

When comparing the four subgroups, BMI, ab-
dominal circumference, and serum triglyceride lev-
els did not differ significantly.

The prevalence of diabetes in each subgroup is
shown in Figure 2. In men, diabetes was more prev-
alent (p<0.001) in the subgroup of regular drink-
ers and smokers (31.8%) than in the non-smoker,
non-drinker subgroup (25.1%). The same pat-
tern was observed in women (28.8% vs. 20.4%,
p<0.001). Diabetes is more frequent in men than
women in all four subgroups (p<0.001).

There were considerable differences among the
four subgroups in reaching the target blood pressure

Proportion of those, who reach the target blood pressure (<140/90 mmHg)

60
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Male 0.19 0.08 <0.001 0.98 <0.001  <0.001
Female 0.46 0.39 <0.01 0.92 0.12 0.59

Figure 3. Percentage of men and women aged 45-64 years
who achieve the target blood pressure below 140/90 mmHg,
according to smoking and drinking habits. I - non-smoker +
non-drinker; Il - only smoker; III - only drinker; IV - smok-
er + drinker.

value (<140/90 mmHg) regarding drinking and smok-
ing habits. The differences are displayed in Figure 3.

Women reached the target blood pressure more
often (<0.001) than men in all subgroups. The pro-
portion of those reaching the target blood pressures
in regular smokers and drinkers was significantly
lower (particularly in men) than in non-drinkers,
non-smokers (31.1% vs. 46.6% in men and 41.1 vs.
49.8% in women, respectively, <0.001). The odds
ratio for not reaching the target blood pressure
was analyzed using multivariate logistic regression
(Table 5). Based on these results, the odds ratio for
not reaching the target blood pressure was associat-
ed with the coexistence of regular drinking, smok-
ing, obesity (defined as BMI >30kg/m?), elevated se-
rum triglyceride level, and the presence of diabetes
mellitus.

Table 5. Odds ratio for not reaching the target blood pressure values (<140/90 mmHg) with age-adjusted multivariate logis-

tic regression.

Multivariate logistic regression (adjusted for age)

Factors Males Females

OR 95% CI P OR 95% CI P
Only smoker vs. nonsmoker 118 1.02-1.36 0.02 1.06 0.93-1.21 0.38
and non-drinker
Uislyy ol ve, ool 113 0.97-1.31 0.12 1.09 0.88-1.36 0.44

and non-drinker

Drinker and smoker vs. non-smoker

and non-drinker 1.82 1.59-2.10 <0.001 1.37 1.10-1.71 <0.01
BMI >30 kg/m?* 1.39 1.25-1.55 <0.001 1.43 1.28-1.59 <0.001
Triglycerides >1.7 mmol/1 1.59 1.42-1.77 <0.001 1.54 1.38-1.71 <0.001
Diabetes 1.18 1.04-1.33 <0.01 1.28 1.13-1.46 <0.001

BMI - body mass index; CI - confidence interval; OR - odds ratio.
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Figure 4. Mean heart rate values (+SD), according to smoking and drinking habits. I - non-smoker + non-drinker; II - only

smoker; III - only drinker; IV - smoker + drinker.

The mean heart rates of each subgroup are shown
in Figure 4. The mean heart rate of regular smokers
or drinkers is higher compared to those not smok-
ing or drinking. In both sexes, a noticeable differ-
ence (p<0.001) is present when the non-smoker,
non-drinker group is compared to the drinker and
smoker group.

Discussion

The cardiovascular (CV) effects of alcohol consump-
tion and smoking have been described previous-
ly by several publications, although most of these
analyses discuss them separately. The HARVEST
study already proved that the degree of drinking
(abstinent, moderate drinker, heavy drinker) has a
significant effect on blood pressure in hypertensive
patients [9]. In the latter group of patients, 24-hour
and daytime systolic blood pressures were signifi-
cantly higher; moreover, increased left ventricular
mass was also observed [9].

In 2014, Holmes et al. used Mendelian randomi-
zation to analyze the cardiovascular effects of alcohol
consumption in 261.991 European individuals [10].
[t was found that lower levels of alcohol consump-
tion are beneficial, while regular intake and large
quantities are associated with elevated cardiovascu-
lar risk. Regular, heavy drinking raises the blood
pressure both in normotensive and hypertensive
patients; it also increases blood pressure variabili-
ty and facilitates the development of hypertension.
In regular drinkers, binge-drinking episodes are es-

©The Author(s) 2021

pecially harmful regarding blood pressure [10-13].
The interrelation of alcohol consumption, hyper-
tension, and cardiovascular risk is best described by
a U-shape curve, with the two branches representing
abstainers and binge drinkers [10]. These changes
are independent of the acute biphasic effect of alco-
hol on blood pressure (an initial decrease followed
by an increase) [14].

Based on the results published by Groppelli et
al. in 1992, it is now established that smoking large
quantities of cigarettes permanently increases blood
pressure and heart rate [15]. Numerous studies
from the same period, on the other hand, claimed
that blood pressure decreases due to smoking in
normotensive and hypertensive individuals [16, 17].
These views later strengthened, and smoking was
thus not considered as a risk factor for hyperten-
sion [18]. Leone finally clarified the relationship
between smoking and hypertension. According to
these results, regular smoking has a biphasic effect
on blood pressure.

In the first phase, a significant systolic and dias-
tolic pressure drop is observed, regardless of gender
and age. However, enhanced sympathetic activity
and endothelial dysfunction caused by smoking are
already present at this stage, when a slight decrease
in blood pressure usually occurs, supposedly due to
nitrogen monoxide release from the endothelium.
Given the constant harmful effects of nicotine and
especially carbon monoxide, arterial stiffness in-
creases, platelet function worsens, and, as a result,
hypertension and consequent hypertensive heart
disease develop [6, 7]. The effects of smoking were
also compared to Pandora’s box by Leone [7]. A

study published by Ohta et al. in 2016 showed that
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in middle-aged hypertensive patients, 24-hour and
daytime blood pressures and heart rate values were
elevated; moreover, blood pressure variability was
also more expressed throughout the smoking peri-
od. In Hungary, based on the nationwide Hyperten-
sion Registry, Kékes et al. found a positive correla-
tion between systolic and diastolic blood pressures
and the proportion of smokers in a patient popula-
tion treated with hypertension [20].

Literature is scarce on the combined effects of
alcohol consumption and smoking, such as a two-
to threefold increase in the risk of cardiovascular
events (coronary artery disease, stroke, peripheral
arterial disease), which are lesserknown phenom-
ena [3, 21]. This applies especially to hypertensive
patients, particularly when left ventricular hyper-
trophy is present [9, 21]. Alcohol further facilitates
the harmful effects of nicotine and carbon monox-
ide. Increased sympathetic activity, catecholamine
release, and oxidative stress result in endothelium
dysfunction and tissue damage [21, 22]. The com-
bined effect is significant from a social perspective
as well, considering the fact that a large number of
drinkers also smoke [22].

In our study, we demonstrated that regular
drinking and smoking are associated with higher
blood pressure and heart rate values. In men, but
not in women, we established that mean systolic
and diastolic pressures were also higher both in the
only smoker and only drinker subgroups. Using
a multivariate logistic regression model, a strong
correlation between regular smoking, alcohol con-
sumption, and systolic blood pressure was observed
in both sexes. The same applies to diastolic blood
pressure, but only in men. Obesity (BMI) and se-
rum triglyceride levels also had significant effects
on blood pressure in both genders and women with
diabetes.

We yearn to emphasize that in treated hyper-
tensive patients, the combination of smoking and
drinking had a highly adverse effect on reaching a
target blood pressure of <140/90 mmHg. Besides
these two risk factors, obesity and diabetes were also
strong influencers.

In addition, interactions between nicotine and
antihypertensive agents may also play a relevant role
[7, 23]. Conventional beta-blockers have difficulty
counteracting nicotine-induced increased sympa-
thetic activity and decreased parasympathetic activi-
ty, with the exception of third-generation nebivolol
and carvedilol [7, 24]. Regular smoking strongly in-
fluences the effect of ACE inhibitors in treated hy-
pertensives, especially in diabetic nephropathy [25].
The main underlying pathomechanism is increased
renin release and angiotensin I to II conversion due
to angiotensin-converting enzyme (ACE) stimula-
tion caused by nicotine [26]. The antidiuretic effect
of nicotine antagonizes thiazide diuretics in hyper-
tensive smoking patients [7, 24]. No difference was
found in the antihypertensive effect of indapamide
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in smokers [27]. In patients with regular alcohol
consumption, sympathetic activity and elevated an-
giotensin II level may play a role in not reaching
the target blood pressure [28]. Calcium channel
blockers proved effective regardless of the presence
of smoking or drinking.

However, there are certain limitations to our
study. First of all, the prevalence of alcohol con-
sumption and smoking habits was based on self-re-
porting. As this method is known to underestimate
the prevalence of addictions, the above findings
could have been more pronounced by using an ob-
jective method for data collection. Another limita-
tion was the lack of data on drug adherence. Regu-
lar drinking most probably has a negative effect on
therapeutic adherence, which, at least in part, can
be responsible for the received results. We were also
unaware of the patients’ level of physical activity,
which may be another confounder. Finally, differ-
ences between therapeutic regimes in the four sub-
groups make them more difficult to compare.

Conclusion

Regular alcohol consumption and smoking decrease
the chance of reaching blood pressure goal values in
treated hypertensive patients of middle-age. Noen-
theless, further prospective studies are necessary to
understand the exact cause of this phenomenon.
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