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ABSTRACT

INTRODUCTION A relationship between environmental exposure to cigarette smoke and blood pressure
has not been well-established.

0BJECTIVES The aim of the study was to evaluate the effects of environmental exposure to cigarette
smoke on blood pressure (BP) in patients with essential hypertension.

PATIENTS AND METHODS  The study involved 39 nonsmoking patients with essential hypertension treated
with hypotensive agents and environmentally exposed to cigarette smoke (group 1) and 39 nonsmok-
ing patients with essential hypertension treated with hypotensive agents and not exposed to cigarette
smoke (group 2). The following variables of 24-hour ambulatory BP monitoring (ABPM) were measured:
systolic BP (SBP), diastolic BP (DBP), mean arterial pressure (MAP), and pulse pressure (PP) during
24-hour ABPM, and, separately, for the period of daily activity and night rest.

RESULTS In group 1, the mean values of 24-hour SBP, DBP, MAP, and PP, daytime SBP, DBP, MAP, and PP,
and nighttime SBP, MAP, and PP were significantly higher than those in group 2. Statistically significant
positive linear correlations were demonstrated between the mean time of daily exposure (expressed
in hours) to cigarette smoke and 24-hour MAP and PP (r = 0.52 and r = 0.48, respectively, P <0.05).
Advanced age, higher low-density lipoprotein cholesterol and glucose concentrations, and environmental
exposure to cigarette smoke were independent factors of elevated 24-hour PP in the study group.
concLUsIONS In patients with essential hypertension, environmental exposure to cigarette smoke may
result in elevated BP values in 24-hour ABPM.

INTRODUCTION Active cigarette smoking is
known to increase the risk of cardiovascular dis-
eases."? Numerous multicenter cohort and ran-
domized clinical studies have shown that active
cigarette smoking represents one of the main

by the results of the Third Health and Nutrition
Examination Survey (NHANES III) conducted
in the USA in the years 1988-1991. According to
the survey, passive exposure to cigarette smoke,
estimated on the basis of serum cotinine con-

risk factors for the development of cardiovascu-
lar diseases, particularly, atherosclerosis and its
complications.®®

The problem of smoking cannot be reduced to
active smoking only. Environmental exposure
to cigarette smoke, known as passive smoking,
seems to be equally important.®® The spread of
passive smoking epidemic has been confirmed

centrations, may affect 87.9% of the American
population.’

Effects of active cigarette smoking on blood
pressure (BP) and essential hypertension has been
broadly discussed. Higher BP in active smokers
compared with nonsmoking individuals was re-
ported. However, there are studies that did not
confirm this association or even showed lower BP
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TABLE 1  Clinical characteristics of the study groups
age, y 53.3 +9.4 54.2 +9.1
height, cm 164.1 +6.1 166.4 7.3
body mass, kg 71.7 +7.9 72.1 £8.1
BMI, kg/m? 26.4 £2.7 26.1 2.8
sex,%  men 41.0 41.0
women 59.0 59.0
essential hypertension, % 100.0 100.0
diabetes, % 1.7 1.7
coronary artery disease, % 15.4 15.4
atherosclerosis, % 12.8 10.2
hypercholesterolemia, % 20.5 23.1
hypertriglyceridemia, % 25.7 23.1
environmental exposure to cigarette  100.02 0.0
smoke, %
daily exposure to cigarette smoke, h 5.7 +2.22 0.0 0.0

a P <0.05

Abbreviations: BMI — body mass index

TABLE 2 Characteristics of hypertension and hypotensive treatment in the study

groups

Group 1 (n = 39) Group 2 (n = 39)

essential hypertension, y 10.4 £5.2 9.9 +4.7
grades of essential hypertension, %

mild 333 33.3
moderate 53.8 53.8
severe 12.8 12.8
hypotensive treatment, %

monotherapy 28.2 28.2
combination therapy 71.8 71.8
hypotensive drugs, %

diuretics 30.8 28.2
[B-blockers 38.5 35.9
ACEls 56.4 61.5
angiotensin receptor blockers 10.3 10.3
calcium channel blockers 33.3 30.8

Abbreviations: ACEls — angiotensin-converting enzyme inhibitors

values in active smokers.? A relationship between
environmental exposure to cigarette smoke and
BP has not been well-established and requires
further research.

BP measured by 24-hour ambulatory BP moni-
toring (ABPM) shows higher reproducibility than
that obtained during individual outpatient visits
or by patients themselves.®' Moreover, 24-hour
ABPM allows to define BP variability and pulse
pressure (PP)." In multicenter studies, both ab-
normal variability in BP and abnormal PP have
been recognized as prognostically unfavorable
consequence of arterial hypertension.

The aim of the study was to evaluate the effects
of environmental exposure to cigarette smoke on
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BP in 24-hour ABPM in patients with essential
hypertension.

PATIENTS AND METHODS The study involved
78 individuals. Group 1 consisted of 39 consecu-
tive patients with essential hypertension from our
outpatient cardiac clinic. They were nonsmokers
with environmental exposure to smoke. The inclu-
sion criteria were as follows: essential hyperten-
sion, diagnosed at least 5 years earlier and treat-
ed pharmacologically, nonsmoking history, and
passive exposure to cigarette smoke determined
on the basis of a questionnaire. Subsequently, us-
ing the case-to-case approach, every patient from
group 1 was matched with a patient with essential
hypertension who has never smoked and has nev-
er been exposed to environmental tobacco smoke.
The inclusion criteria were as follows: essential
hypertension diagnosed at least 5 years earlier
and treated pharmacologically, the same grade
of arterial hypertension according to the Euro-
pean Society of Cardiology / European Society of
Hypertension, a similar duration of essential hy-
pertension (a difference of no more than 2 years),
similar protocol of essential hypertension treat-
ment (hypotensive agents from the same drug
group), the same sex, similar age (a difference of
no more than 2 years), similar body mass index
(a difference of no more than 0.5 kg/m?), similar
total cholesterol concentration (a difference of no
more than 20 mg/dl), similar triglyceride concen-
tration (a difference of no more than 20 mg/dl),
similar blood glucose concentration (a difference
of no more than 10 mg/dl), nonsmoking history,
and no passive exposure to cigarette smoke de-
termined on the basis of the questionnaire. A to-
tal of 39 patients who fulfilled those criteria were
included in group 2. The main clinical characteris-
tics of both groups are presented in TABLE 1, while
details on essential hypertension and hypoten-
sive treatment, in TABLE 2.

Group 1 was divided into 2 subgroups using the
threshold value of median daily exposure to cig-
arette smoke (expressed in hours; median, 5 h).
Subgroup A consisted of patients suffering from
arterial hypertension who were pharmacological-
ly treated and environmentally exposed to ciga-
rette smoke with the mean time of daily exposure
of 5 hours or longer, and subgroup B, of patients
suffering from arterial hypertension who were
pharmacologically treated and environmentally
exposed to cigarette smoke with the mean time
of daily exposure of less than 5 hours.

All individuals included in the study complet-
ed the questionnaire regarding the current and
past health status (with emphasis on the treat-
ment of essential hypertension) as well as fam-
ily history. There were also questions related to
alimentary habits, current diet, physical activ-
ity, cigarette smoking, and alcohol and coffee
drinking. Passive exposure to cigarette smoke
was defined as smoking no cigarettes (now and
in the past); being exposed to cigarette smoke in
a closed space for at least an hour a day; staying
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TABLE 3  Parameters of ambulatory blood pressure monitoring in the study groups

Group 1 (n = 39) Group 2 (n = 39)

24-hour monitoring (6:00-6:00)

SBP. mmHg 136.6 +17.4° 126.1 +16.3
DBP, mmHg 84.9 £9.2¢ 78.1 8.3
MAP, mmHg 99.6 £10.22 91.0 =85
PP mmHg 56.9 +7.12 48.9 £7.3
variability in SBP, mmHg 15.5 £5.1 13.4 £4.8
variability in DBP, mmHg 10.4 £3.4 10.4 £2.2
dipper, % 66.7 74.3
day monitoring (6:00 AM — 10:00 PM)
SBP, mmHg 139.1 =18.12 128.4 =17.0
DBP, mmHg 86.7 £10.32 80.4 =9.1
MAP, mmHg 99.8 9.4 90.2 8.1
PP mmHg 57.4 +1.3 50.2 7.6
night monitoring (10:00 PM — 6:00 AM)
SBP, mmHg 115.3 =11.7¢ 109.7 =10.9
DBP, mmHg 70.7 £17.6 67.9 6.8
MAP, mmHg 84.3 +8.8° 78.7 £7.9
PP mmHg 51.1 6.4 45.1 6.9

a P<0.05

Abbreviations: DBP — diastolic blood pressure, MAP — mean arterial pressure, PP — pulse
pressure, SBP — systolic blood pressure

TABLE 4  Parameters of ambulatory blood pressure monitoring in the study subgroups

Subgroup A (n = 20)

24-hour monitoring (6:00-6:00)

Subgroup B (n = 19)

SBP, mmHg 144.8 =16.0° 133.1 +17.6
DBP, mmHg 87.3 £8.6 85.0 9.6
MAP, mmHg 102.8 =10.1° 96.1 9.5
PP mmHg 61.0 £6.12 52.6 +7.5
variability in SBP, mmHg 14.9 6.4 15.7 £5.7
variability in DBP, mmHg 10.0 £3.4 9.7 3.1
dipper, % 60.0 13.7
day monitoring (6:00 AM — 10:00 PM)
SBP, mmHg 147.1 £14.8° 134.3 +17.6
DBP, mmHg 86.5 +13.4 87.3 =10.8
MAP, mmHg 103.4 =11.6 98.0 9.0
PP mmHg 60.3 £7.0° 53.9 =6.5
night monitoring (10:00 PM — 6:00 AM)
SBP, mmHg 116.1 =11.7 113.6 =11.1
DBP, mmHg M4 x11 69.9 =6.7
MAP, mmHg 86.8 +7.2 82.0 9.4
PP mmHg 52.1 6.1 49.8 5.4

a P <0.05

Abbreviations: see TABLE 3
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for atleast 30 minutes a day next to persons who
smoke cigarettes; and living with 1 or more smok-
ers in a household.

In all participants, 24-hour ABPM was conduct-
ed using the Welch Allyn ABPM 6100 apparatus
(Welch Allyn, Aston Abbotts, Buckinghamshire,

United Kingdom). A proper cuff was selected
according to the size of the patient’s arm and
placed on the nondominant arm. Patients were
asked to keep their arms still at the time of mea-
surements. The estimated parameters included
systolic BP (SBP), diastolic BP (DBP), mean ar-
terial pressure (MAP), and PP during 24-hour
monitoring, and, separately, for day and night
monitoring. PP was calculated using the follow-
ing formula: PP = SBP — DBP. Daytime BP mon-
itoring was from 6.00 AM to 10.00 PM, mea-
sured automatically every 30 minutes, and dur-
ing nighttime, from 10.00 PM to 6.00 AM, BP
was measured once an hour. Moreover, variabil-
ity in SBP and DBP was assessed. The variabili-
ty in SBP was defined as the standard deviation
(SD) of all measurements of SBP in 24 hours and
variability in DBP, as the SD of all measurements
of DBP in 24 hours. ABPM data series were con-
sidered invalid for the analysis if 30% or more of
the scheduled measurements were unavailable,
if data were lacking for more than 2 consecutive
hourly intervals, if data were obtained while pa-
tients maintained an irregular rest-activity sched-
ule during the 2 consecutive 24-hour periods of
monitoring, or if the night sleep was shorter than
6 hours or longer than 12 hours."?

A statistical analysis was conducted using
the STATISTICA 10 software (StatSoft Poland).
For quantitative variables, arithmetical means
and SDs of the estimated parameters were cal-
culated in the study groups. The distribution of
the variables was examined using the Lilliefors
and Shapiro-Wilk tests. For independent quanti-
tative variables with normal distribution, a subse-
quent statistical analysis involved the t test for in-
dependent variables. In the case of variables with
nonnormal distribution, the Mann-Whitney test
was applied for independent quantitative vari-
ables. The results for qualitative (nominal) vari-
ables were expressed as percentages. In the case
of independent qualitative variables, a subsequent
statistical analysis involved the y? test of the high-
est likelihood. To define relationships between
the studied variables, the analyses of correlation
and regression were conducted. A P level of less
than 0.05 was considered statistically significant.

The study was conducted according to the prin-
ciples of Good Clinical Practice and the Declara-
tion of Helsinkim and was approved by the local
bioethics committee.

RESULTS Compared with group 2, group 1 had
significantly higher mean values of 24-hour SBP,
DBP, MAP, and PP; daytime SBP, DBP, MAP, PP;
and nighttime SBP, MAP, and PP (TABLE 3).

Within group 1, subgroup A had significant-
ly higher mean values of 24-hour SBP, MAP, and
PP, as well as daytime SBP and PP compared with
subgroup B (TABLE 4).

We observed positive linear correlations be-
tween the mean time of daily exposure (expressed
in hours) to cigarette smoke and 24-hour MAP
and PP in patients with essential hypertension
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FIGURE 2 Correlation between daily exposure to cigarette smoke and 24-hour pulse
pressure in group 1 (r = 0.48, P <0.05)

environmentally exposed to cigarette smoke (cor-
relation coefficients, 0.52 and 0.48, respectively,
P <0.05) (FIGURES 1 and 2).

A multivariable stepwise progressive regres-
sion analysis in the whole study group, includ-
ing basic anthropological parameters (age, sex,
body mass index), parameters of essential hy-
pertension (duration of hypertension, grades of
essential hypertension, hypotensive treatment),
risk factors for cardiovascular diseases (total cho-
lesterol, low-density lipoprotein [LDL] cholester-
ol, triglyceride, and glucose levels) and environ-
mental exposure to cigarette smoke (dichotomous
variable: 1 - yes, 0 — no), resulted in the following
model: 24-hour PP = 7.61 + 0.75 age + 0.01 LDL
cholesterol + 0.01 glucose + 2.99 environmen-
tal exposure to cigarette smoke +4.21 (TABLE 5).

The obtained model demonstrated that in
the group of patients with diagnosed essential
hypertension who received pharmacological treat-
ment and were at a more advanced age, higher
LDL cholesterol and glucose concentrations as
well as environmental exposure to cigarette smoke
were independent factors of elevated 24-hour PP.

DISCUSSION In our study, BP was evaluated us-
ing 24-hour ABPM. Apart from providing a reli-
able and reproducible evaluation of BP, ABPM al-
lowed to estimate additional parameters including
BP variability and PP In recent years, BP vari-
ability has been recognized in multicenter stud-
ies as a prognostically significant cardiovascular
complication of hypertension.' In the Ohasama
Study,' an increase in the value of SD of BP mea-
surements above 18 mmHg was found to be as-
sociated with an increased risk of cardiovascular
complications. Sander et al.'® demonstrated that
daily variability of SBP exceeding 15 mmHg rep-
resented a prognostic factor pointing to an early
progression of arteriosclerotic lesions in the ca-
rotid arteries. Increased values of PP also repre-
sent an independent risk factor of cardiovascu-
lar complications."® The Hypertension Detection
and Follow-up Program study'® demonstrated that
PP represents a risk factor of cardiac and overall
mortality but not of cerebrovascular mortality.
The effect of active cigarette smoking on BP
values and on manifestation of arterial hyper-
tension has been widely discussed in recent stud-
ies. However, a positive relationship between ac-
tive smoking and increased values of BP contin-
ues to be disputable and studies conducted so far
provided equivocal or even contradictory results.
Bolinder and de Faire,"” Groppelli et al.,"® Min-
ami et al.,'® Pannarale et al.,?’ and Verdecchia
etal.”’ demonstrated that the mean values of BP
in ABPM were significantly higher in active smok-
ers compared with nonsmokers. Moreover, ac-
cording to Pannarale et al.,?’ active smokers had
an increased variability of BP in ABPM. Ekstrand
et al.?? observed more frequent manifestations
of arterial hypertension among active smokers
than in the general population. However, studies
are also available that failed to confirm the rela-
tionship between cigarette smoking and arterial
hypertension. In a study by Yano et al.,” active
smokers and nonsmokers had similar values of BP
both in office measurements and ABPM. A study
by Okubo et al.?* showed no effects of cigarette
smoking on the rate of arterial hypertension.
A number of studies showed even significantly
lower mean values of BP in smokers compared
with nonsmokers; in such studies, BP was evalu-
ated using office measurements and/or ABPM.?5%/
The relationship between environmental ex-
posure to cigarette smoke and BP has been much
less clearly recognized. On the one hand, a pos-
itive relationship between environmental ex-
posure to tobacco smoke and arterial BP values
in domestic measurements in healthy women
was confirmed in an epidemiological study by
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TABLE 5 Estimation for the final model obtained in multivariate regression analysis

Model for 24-hour PP, mmHg

regression coefficient ~ SEMof Rc P value
intercept 1.612 1.369 0.001
age, y 0.749 0.022 0.001
LDL cholesterol, mg/dl 0.012 0.008 0.043
glucose, mg/di 0.011 0.016 0.029
environmental exposure to 2.991 0.461 0.001

cigarette smoke

Environmental exposure to cigarette smoke, dichotomous variable where 1: yes and 0: no.

Conversion factors to Sl units are as follows: for LDL cholesterol, 0.0259; for glucose,

0.0555.

Abbreviations: 24-hour PP — pulse pressure during 24-hour monitoring, LDL — low-
-density lipoprotein, SEM of Rc — standard error of the mean of regression coefficient
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Seki et al.28; on the other hand, studies in which
arterial BP was estimated by ABPM did not un-
equivocally determine the type of relationships
between environmental exposure to tobacco
smoke and arterial BP. Leone et al.?? showed
that single acute exposure to tobacco smoke
failed to significantly affect the values of arte-
rial BP evaluated using ABPM.?® Pijanowska and
Zajaczkowska®® reported no differences in ar-
terial BP values in ABPM studies in the group
of healthy children exposed and not exposed to
tobacco smoke. On the other hand, Makris et
al*" documented a relationship between passive
smoking and arterial BP values evaluated using
ABPM. Studies conducted in healthy normoten-
sive nonsmoking adults exposed to tobacco smoke
manifested significantly higher values of arterial
BP in 24-hour measurements and higher proba-
bility of being burdened with masked hyperten-
sion as compared with nonsmokers not exposed
to tobacco smoke.3' Considering the above data,
it seemed interesting to study the relationship
between environmental exposure to cigarette
smoke and BP in patients with essential hyper-
tension using 24-hour ABPM.

Our study confirmed a positive relationship
between environmental exposure to cigarette
smoke and BP values evaluated using 24-hour
ABPM in patients with essential hypertension.
Our results seem to indicate that the mean time
of daily exposure to cigarette smoke (expressed
in hours) may be a useful parameter characteriz-
ing the extent of environmental exposure to cig-
arette smoke. Moreover, our study allowed to an-
swer the questions related to the relationship be-
tween the environmental exposure to cigarette
smoke and complications of essential hyperten-
sion, namely, abnormal variability of BP and in-
creased PP. The environmental exposure to ciga-
rette smoke has been found to induce no altera-
tions in the variability of BP. On the other hand,
a relationship has been documented between
environmental exposure to cigarette smoke and
an increase in PP.

Our study has several limitations: small study
groups from the epidemiological point of view,

lack of clinical homogeneity within the studied
group, effects of hypotensive treatment on BP
values, and assessing environmental exposure
to cigarette smoke using a questionnaire. In our
study, we used a case-to-case analysis. Such meth-
odology was appropriate in that it allowed us to
make comparisons in terms of the variables other
than the variable that differentiated the groups.
However, its main limitation was a small size of
the study groups because of the time-consum-
ing process of recruiting controls who met the
inclusion criteria. However, it should be noted
that the size of the group was sufficient to meet
the quantitative criteria for all statistical analy-
sis. The effects of hypotensive treatment on BP
values could not be avoided, considering the risk
of serious health complications linked to discon-
tinuation of hypotensive drug treatment, includ-
ing the risk of life-threatening conditions.

In summary, our results show that modern in-
tegrated educational systems, implemented for
several years and aimed at fighting active smok-
ing, should be supplemented with the activi-
ties aimed at preventing environmental expo-
sure to cigarette smoke, which is equally harm-
ful to health. In line with such expectations, in
recent years, the World Health Organization cre-
ated a pack of 6 antinicotine programs, called
MPOWER .*? The pack contains activities involv-
ing monitoring of spread manifested by exposure
to cigarette smoke, counteracting exposure to cig-
arette smoke by smoking bans in public spaces,
offering help in abandoning smoking habit, warn-
ing against the effects of smoking, enforcing pro-
hibition of advertising, promotion and sponsor-
ing of tobacco products, and regular increases in
tobacco tax.®
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STRESZCZENIE

WPROWADZENIE Zalezno$¢ migdzy $rodowiskowym narazeniem na dym tytoniowy a ci$nieniem krwi
jest niewystarczajgco poznana.

CELE Celem pracy byta ocena wptywu $rodowiskowego narazenia na dym papierosowy na warto$ci
cisnienia krwi u chorych z pierwotnym nadcisnieniem tetniczym.

PACJENCI I METODY Do badania wtgczono 39 pacjentdéw chorujacych na nadcisnienie tetnicze leczonych
preparatami hipotensyjnymi, niepalgcych papieroséw, srodowiskowo narazonych na dym papierosowy
(grupa 1) oraz 39 pacjentéw chorujacych na nadcis$nienie tetnicze leczonych preparatami hipotensyj-
nymi, niepalacych papieroséw, nienarazonych na dym papierosowy (grupa 2). Okres$lono nastepujace
parametry 24-godzinnego ambulatoryjnego monitorowania ci$nienia krwi (ambulatory blood pressure
monitoring — ABPM): skurczowe ci$nienie krwi (systolic blood pressure — SBP), rozkurczowe ci$nienie
krwi (diastolic blood pressure — DBP), $rednie ci$nienie tetnicze (mean arterial pressure — MAP) i ci$nie-
nie tetna (pulse pressure — PP) w obserwacji 24-godzinnej oraz osobno dla godzin dziennej aktywno$ci
i godzin odpoczynku nocnego.

wynikl W grupie 1 $rednie warto$ci 24-godzinnego SBP, DBP, MAP i PP, dziennego SBP, DBP, MAP
i PP oraz nocnego SBP, MAP i PP byty znamiennie wyzsze w poréwnaniu do grupy 2. Wykazano istotne
dodatnie zalezno$ci liniowe miedzy dzienng liczbg godzin narazenia na dym tytoniowy a 24-godzinnym
MAP i PP (odpowiednio r = 0,52 i 0,48; p <0,05). Starszy wiek, wyzsze stezenie cholesterolu lipopro-
tein o matej gestosci i glukozy oraz Srodowiskowe narazenie na dym papierosowy stanowia niezalezne
czynniki ryzyka zwigkszenia 24-godzinnego PP w badanej grupie oséb.

WNIoSKI U chorych z nadcisnieniem tetniczym $rodowiskowe narazenie na dym papierosowy moze
skutkowa¢ wyzszymi warto$ciami ci$nienia krwi w 24-godzinnym pomiarze metodg ABPM.
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