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Abstract

Background: Few data exist regarding the direct effects of caffeine and smoking on cardiac
function. We sought to explore the acute effects of caffeine assumption, cigarette smoking, or both
on left ventricular (LV) and right ventricular (RV) function in a population of young normal subjects.

Methods: Forty-five healthy subjects aged 25 * 2 years underwent echocardiography. Fifteen of
them were non-smokers and habitual coffee consumers (group 1), 15 were smokers and not
habitual coffee consumers (group 2), and |5 were smokers and habitual coffee consumers (group
3). Peak systolic (S,), early diastolic E,, and late diastolic (A,) velocity of mitral annulus were
measured by pulsed Tissue Doppler, and left atrioventricular plane displacement was determined
by M-mode. Tricuspid annular velocities and systolic excursion (TAPSE) were also determined.
Measurements were performed at baseline and after oral assumption of caffeine 100 mg in group

I, one cigarette smoking in group 2, and both in group 3.

Results: No changes in ventricular function were observed in group | after caffeine administration.
In group 2, cigarette smoking yielded an acute increase in mitral A, (+12.1%, p = 0.0026), tricuspid
S, (+9.8%, p = 0.012) and TAPSE (+7.9%, p = 0.017), and a decrease in the mitral E /A, ratio (-8.5%,
p = 0.0084). Sequential caffeine assumption and cigarette smoking in group 3 was associated with
an acute increase in mitral A, (+13.0%, p = 0.015) and tricuspid A, (+11.6%, p < 0.0001) and a
reduction in mitral E /A, ratio (-8.5%, p = 0.0084) tricuspid E, (-6.6%, p = 0.048) and tricuspid E,/
A, ratio (-9.6%, p = 0.0003). In a two-way ANOVA model controlling for hemodynamic
confounding factors, changes in the overall population remained significant for mitral A, and E /A,

ratio, and for tricuspid A, and E /A, ratio.

Conclusion: In young healthy subjects, one cigarette smoking is associated to an acute impairment
in LV diastolic function and a hyperdynamic RV systolic response. Caffeine assumption alone does
not exert any acute effect on ventricular long-axis function, but potentiates the negative effect of
cigarette smoking by abolishing RV supernormal response and leading to a simultaneous

impairment in both LV and RV diastolic function.
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Background

Both caffeine assumption and cigarette smoking are well
known to yield considerable changes in cardiovascular
hemodynamics. Increases in blood pressure and heart rate
related to dietary intake of caffeine and cigarette smoking
[1-3] as well as reductions after short-time abstinence
[4,5] have been previously reported. Caffeine assumption
has also been shown to acutely increase both systolic and
diastolic blood pressure [6] with no significant changes in
heart rate [7,8], whereas an adrenergic-mediated acute
increase in blood pressure and heart rate has been
observed after cigarette smoking [9]. Moreover, available
data support the hypothesis that caffeine assumption and
cigarette smoking may show synergistic effects on the
hemodynamic status [10,11].

Nonetheless, few evidences exist regarding the direct
effects of caffeine and smoking on cardiac function. Stud-
ies on animal models suggest that intravenous caffeine
may acutely affect left ventricular (LV) relaxation without
altering contractility [12], although a depression in inva-
sively determined indices of systolic and diastolic LV func-
tion has been observed after intracoronary administration
[13]. Caffeine was found to have no effects on standard
indices of diastolic and short-axis systolic function after
oral administration in humans [14]. Both acute and
chronic smoking have been reported to induce LV diasto-
lic impairment in normal subjects [15,16], an effect that
seems to be more evident in type-2 diabetes patients [17].
Abnormalities in right ventricular (RV) diastolic perform-
ance after acute or chronic exposition to cigarette smoke
have also been reported [18,19]. However, whether caf-
feine administration and cigarette smoking may have a
synergistic impact on LV cardiac function has never been
assessed.

The aim of this study was to analyze the acute effects of
caffeine assumption, cigarette smoking, or both, on LV
and RV performance in a population of young healthy
subjects.

Methods

Study population

The study population included a total of 45 young healthy
volunteers (mean age 25 + 2 years) free of cardiovascular
or systemic diseases. Of them, 15 were non-smokers and
habitual coffee consumers (group 1), 15 were smokers
and not habitual coffee consumers (group 2), and 15 were
smokers and habitual coffee consumers (group 3). Ten
non-smokers and non habitual coffee consumers were
considered as controls. None of patients were assuming
any medication.

http://www.cardiovascularultrasound.com/content/6/1/9

Study protocol

Baseline measurements

Informed written consent for the participation to the
study was obtained from all participants. All subjects were
asked to abstain from smoking, coffee, and other foods or
beverages containing caffeine (e.g., tea, cola, cacao, guar-
ana) for a wash-out period of at least 12 hours before
examinations. Baseline systolic blood pressure, diastolic
blood pressure, and heart rate were measured after 5 min-
utes of resting in the supine position, using standard pro-
cedures. Arterial oxygen saturation was also measured
using a digital pulse oximeter.

Echocardiographic examinations were performed using
high-quality machines (Vivid 7, GE, USA) equipped with
2.5 MHz probes. LV diameters and thicknesses, LV mass,
end-diastolic LV relative wall thickness, end-diastolic RV
diameter were determined in accordance with current ASE
recommendations [20]. LV volumes, stroke volume, and
ejection fraction were measured using the biplane modi-
fied Simpson's method. Left atrial volume was obtained
from apical views using the biplane method of discs.
Pulsed Doppler interrogation of mitral inflow was per-
formed to measure peak early diastolic velocity (E), peak
late diastolic velocity (A), their ratio E/A, E wave decelera-
tion time, and isovolumic relaxation time. Mitral annulus
velocities were measured using pulsed Tissue Doppler by
positioning a 5 mm-sample volume at the level of septal,
lateral, inferior and anterior annulus, in accordance with
current ASE recommendations [21]. Particular care was
given to adjust filter and gain settings at the minimal level
to obtain the maximal signal-to-noise ratio. The average
value of peak systolic (S,), early diastolic (E,), and late
diastolic (A,) mitral annulus velocities were determined.
The E,/A, and E/E, ratios were calculated, and used as indi-
ces of LV filling pressures [22-24]. Pulsed Tissue Doppler
imaging of the lateral tricuspid annulus was also per-
formed, and peak systolic, early diastolic, and late diasto-
lic velocities were measured. Two-dimensionally guided
M-mode imaging of septal, lateral, inferior, and anterior
mitral annulus motion was performed from the apical 4-
chamber view, using the zoom function. Total amplitude
of systolic annular excursion was measured from the nadir
of M-mode profile - corresponding to the point furthest
from LV apex - to the point of maximal excursion towards
LV apex [25]. Left atrioventricular plane displacement
(AVPD) was determined by averaging excursion ampli-
tudes recorded at the four annular sites. Tricuspid annular
plane systolic excursion (TAPSE) was also measured using
two-dimensionally guided M-mode imaging from the api-
cal 4-chamber view. For both Tissue Doppler and M-mode
imaging, careful alignment of the ultrasonic beam with
annular motion was obtained. All measurements were
obtained by averaging values recorded in three consecu-
tive cycles, at a sweep speed of 100 mm/s.
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Cdffeine assumption and cigarette smoking

The study design is summarized in Figure 1. At the end of
baseline evaluation, subjects in group 1 were asked to
assume caffeine 100 mg administered orally (galenic
preparation solved in 40 ml of water), a dosage that is
equivalent to that of an express coffee. Subjects in group 2
were asked to smoke one cigarette in 5 minutes. Subjects
in group 3 were asked to assume caffeine 100 mg per os,
to wait for 30 minutes, and then to smoke one cigarette in
5 minutes. Cigarettes used for groups 2 and 3 contained
nicotine 0.9 mg, carbon monoxide 10 mg, and tar 10 mg,
and were of the same brand (Camel).

A second clinical and echocardiographic examination was
performed after a total of 45 minutes from caffeine
assumption in group 1, after 15 minutes from beginning
of cigarette smoking in group 2, and after 45 minutes
from caffeine assumption (i.e., 15 minutes from begin-
ning of cigarette smoking) in group 3. During these peri-
ods, patients were asked to rest quiet in the sitting
position. The second examination included measurement
of systolic blood pressure, diastolic blood pressure, heart
rate, arterial oxygen saturation, mitral inflow indices,
mitral annulus velocities and AVPD averaged over four
annular sites, lateral tricuspid annulus velocities, and
TAPSE.

The experimental setting (Figure 2) included a smoking
room and a standing room, both characterized by quiet
and comfortable environments. The smoking room was
only used by patients in group 2 and 3 for 5 minutes dur-

http://www.cardiovascularultrasound.com/content/6/1/9

ing cigarette smoking. The standing room was used for all
other protocol intervals.

Statistical analysis

Data were expressed as mean + standard deviation.
Between-group comparisons at baseline were performed
using the Kruskal-Wallis test for continuous variables and
the chi-square test for categorical variables. Within-group
comparisons between baseline values and those obtained
after caffeine assumption, cigarette smoking, or both were
performed using the Student t test for paired samples.
Repeated measures two-way ANOVA was also performed
by considering groups and status (i.e., baseline or after
testing) as the main variables within a 3 x 2 factorial
design, using a mixed model adjusting for heart rate,
systolic blood pressure, and diastolic blood pressure. The
P value for the main effect of status was used to express the
significance of the effect of caffeine and smoking on ven-
tricular function in the overall population, whereas the
interaction P value was considered to explore for differ-
ences in the effect of testing across groups. A P value <
0.05 was considered for statistical significance. All tests
were two-tailed. Analyses were performed using the SPSS
(Statistical Package for the Social Sciences, Chicago, Illi-
nois) software Release 11.5.

Results

Baseline clinical and echocardiographic characteristics
were similar among the four study groups (Table 1).
Changes in clinical variables and mitral flow Doppler
indices after caffeine assumption, cigarette smoking, or
both in comparison with baseline are shown in Table 2.

Baseline evaluation

Group 1 Group 2 Group =2
Caffeine 100 mg Smoking one cigarette Caffeine 100 mg
a0 minutesl
15 minutes
45 minutes Smoking one
15 minutes .
/ cigarette

Second evaluation

Figure |
Study design.
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Figure 2

Experimental setting of the study. Caffeine in group | and 3 was administered within the Echo Lab, at the end of basal examina-

tion.

An increase in systolic blood pressure, diastolic blood
pressure, and heart rate was observed in group 2. An iso-
lated increase in heart rate was found in group 3, whereas
no changes were noted in group 1.

At within-group analysis, caffeine assumption in group 1
did not yield any change in any of the analyzed variables
(Figures 3, 4, top panels). In group 2, an increase in mitral
A,, tricuspid S,, and TAPSE, and a reduction in the mitral
annulus E,/A, ratio were observed after cigarette smoking
(Figures 3, 4, middle panels). In group 3, an increase in
mitral A, and tricuspid A,, and a reduction in mitral E,/A,
ratio, tricuspid E,, and tricuspid E,/A, ratio were observed
after sequential caffeine assumption and cigarette smok-
ing (Figures 3, 4, bottom panels).

In a two-way ANOVA model adjusting for hemodynamic
confounding factors, changes in long-axis function
observed in the overall population remained significant
for mitral A, (p = 0.0014) and E_ /A, ratio (p = 0.0022),
and for tricuspid A, (p = 0.010) and E,/A, ratio (p =
0.019). For these 4 variables, significant interaction P val-
ues were found (p = 0.0009, p = 0.0003, p < 0.0001, and
p = 0.0006, respectively), suggesting differences in the
effect of testing across groups. Significant interaction P
values were also observed for tricuspid S, (p = 0.038) and
TAPSE (p = 0.049).

Discussion

The results of this study show that: 1) caffeine assumption
does not yield any significant change in ventricular long-
axis function; 2) cigarette smoking is associated with an
acute impairment in LV diastolic function and an increase
in RV long-axis systolic indices; 3) caffeine assumption
followed by cigarette smoking is associated with an acute
impairment in both LV and RV diastolic function.

The absence of significant effects of caffeine administra-
tion on LV long-axis indices observed in this study con-
firms early reports that found no effects on standard
indices of LV systolic and diastolic function [26], and
strengthens this hypothesis by showing that functional
changes after caffeine assumption cannot be detected even
when sensitive indices of ventricular function are consid-
ered. The evidence of changes in diastolic long-axis indi-
ces after cigarette smoking is also in accordance with
current available data [16,27]. Of note, in our population
most of this effect was driven by an increase in the late
diastolic component of mitral annulus motion (Figure 5,
top panels), with only a nonsignificant trend towards a
reduction in the early diastolic component. This resulted
in a 12% reduction in the mitral E,/A, ratio - an index of
LV diastolic function that correlates with LV filling pres-
sures [23]. Moreover, in this study caffeine assumption
followed by cigarette smoking was associated with an
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Table I: General characteristics of the study groups. Comparison of clinical and echocardiographic features among the four study
groups.

Controls  Coffee assumption Cigarette smoking Coffee assumption + cigarette = ANOVA P value

smoking

Age (years) 241 1.7 253 +43 249 £2.7 236 £25 0.68
Male gender (n) 6 (60%) 9 (60%) 6 (40%) 9 (60%) 0.68
BMI (Kg/m?2) 202+ 2.1 20.7 £55 21.0 1.7 220+24 0.38
Coffees (n/die) - 25+ 1.1 - 3024 0.28*
Cigarettes (n/die) - - 8453 11.7 £5.1 0.09*
Years of smoking (n) - - 75+38 8.1+27 0.66*
SBP (mmHg) 116.0 £ 8.1 125+ 9.6 116.7 £ 12.8 1223 £2.5 0.11

DBP (mmHg) 75058 76.7 £ 9.6 750+ 11.2 797+79 0.50
Heart rate (bpm) 749 £ 10.0 745 £ 10.6 727114 66.1 £9.4 0.15
O, saturation (%) 975+ 12 97.6 £ 0.7 979 0.7 97.5+09 0.77
LVEDV (ml) 89.0 £ 282 99.7 £ 283 894+ 142 929 +295 0.84
Ejection fraction (%) 67432 64.8 £ 3.6 642 +£55 63.8+48 0.14
Stroke volume (ml) 60.0 + 185 66.4 +23.0 578+ 5.5 592+ 174 0.89
LV mass (g) 126.6 + 31.4 132.0 + 45.1 122.1 £22.5 143.2 + 40.0 0.40
RWT 0.32 £ 0.05 0.32 £ 0.05 0.34 £ 0.05 0.34 + 0.07 0.82
Left atrial volume (ml) 426+ 114 388+ 16.2 340+ 75 386+ 104 0.34
RV diameter (mm) 30.7 £ 42 31.3+£54 29.3+43 31.12 £ 43 0.60
PASP (mmHg) 20527 219 +36 21.6+34 21.2+45 0.66
E (cm/s) 80.2 + 19.3 92.1+ 14 89.1 + 14.8 84.1 £ 13.0 0.32
A (cm/s) 522+ 155 542+ 11 53.9+89 482+ 13.2 0.42
E/A ratio 1.6 £0.3 1.8+04 1.7+04 1.9+£0.5 0.47
Deceleration time (ms) 209.8 + 32.7 201.9 £ 50.3 202.5 £ 359 2169 £+ 34.8 0.70
IVRT (ms) 622 +94 67.6 £ 12.8 67.1 £10.7 63.1 £ 104 0.49

BMI = body mass index. SBP = systolic blood pressure; DBP = diastolic blood pressure; LVEDD = left ventricular end-diastolic diameter; LV = left
ventricular; RWT = relative wall thickness; RV = right ventricular; PASP = pulmonary artery systolic pressure; IVRT = isovolumic relaxation time.

*P values for comparison of variables between two groups calculated by Student t test for unpaired data

increase in mitral A, and a reduction in the E,/A, ratio sim- ~ smoke and caffeine previously demonstrated for blood
ilar to that observed after cigarette smoking alone (Figure  pressure [11,28,29] cannot be extended to LV function.
6, top panels). This may indicate that caffeine assumption

does not alter the acute effect of cigarette smoking on LV Considering that nicotine gum chewing does not yield
function, suggesting that the synergistic effect between  any acute change in LV diastolic performance in young

Table 2: Clinical variables and mitral inflow after coffee assumption, cigarette smoking, or both. Comparison of clinical and
echocardiographic characteristics among groups after coffee assumption, cigarette smoking, or both. Abbreviations are the same used
in Tables 1-2.

Coffee assumption Cigarette smoking Coffee assumption and Adjusted over- Interaction
cigarette smoking all P valueb P valuec
Change from P value2 Change from P value2 Change from P value?

baseline baseline baseline
SBP (mmHg) +1.2% 0.43 +8.6% 0.0010 +4.8% 0.17 - -
DBP (mmHg) +3.2% 0.24 +7.6% 0.013 +3.3% 0.30 - -
HR (bpm) -3.2% 0.19 +18.7% <0.0001 +14.5% <0.0001 - -
SO, (%) -0.2% 0.63 0.3% 0.36 +0.2% 0.58 0.62 0.52
E (cm/s) -6.1% 0.11 +2.6% 0.80 +0.7% 0.99 0.26 0.15
A (cm/s) -8.3% 0.06 -2.0% 0.79 +9.3% 0.8l 0.29 0.22
E/A ratio +4.8% 0.19 +10.8% 0.49 2.7% 0.71 0.68 0.39
DT (ms) +5.1% 0.99 -1.9% 0.76 -7.8% 0.15 0.34 0.28
IVRT (ms) +3.8% 0.60 +7.1% 0.41 +5.1% 0.36 0.28 0.92

a Calculated by within-group comparison with baseline value

b P value for the overall effect of testing in the entire population, as determined by two-way ANOVA using a mixed model adjusting for heart rate and
blood pressure

<P value for differences in the effect of testing across groups, as determined by two-way ANOVA in a mixed model adjusting for heart rate and blood
pressure
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Figure 3

E/Ep, AVPD

Relative changes in left ventricular long-axis function after caffeine assumption, cigarette smoking, or both. P values are calcu-
lated by within-group Student t test for paired data. S, = peak systolic mitral annulus velocity; E_, = peak early diastolic mitral

annulus velocity; A, = peak late diastolic mitral annulus velocity; E =

tricular plane displacement.

peak early diastolic transmitral flow; AVPD = left atrioven-
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Figure 4

Relative changes in right ventricular long-axis function after caffeine assumption, cigarette smoking, or both. P values are calcu-
lated by within-group Student t test for paired data. S, = peak systolic tricuspid annulus velocity; E_, = peak early diastolic tri-
cuspid annulus velocity; A, = peak late diastolic tricuspid annulus velocity; TAPSE = tricuspid annular plane systolic excursion.
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Tissue Doppler pattern of mitral annulus motion and M-mode imaging of tricuspid annulus motion at baseline (panels A-C) and
after cigarette smoking (panels B-D), showing an increase in mitral peak A, velocity and tricuspid annular plane systolic dis-

placement (TAPSE).

healthy individuals [30], it is likely that the acute effect of
smoking on LV diastolic function may not be due to nico-
tine alone. A potential role of smoke-induced acute
impairment in coronary blood flow could be hypothe-
sized [26,31]. Additionally, the absence of significant
changes in the E/E, ratio - a powerful index of LV filling
pressure [24] - suggests the effective mechanisms under-
lying the observed changes in diastolic mitral annulus
velocities deserve further investigations.

In this study, caffeine assumption showed no acute effect
on RV function as well. In contrast, cigarette smoking was
associated with an acute increase in indices of RV long-
axis systolic function (Figure 5, bottom panels). It could
be hypothesized that this effect may represent the conse-
quence of an acute adrenergic stimulus induced by nico-
tine [32,33]. Nonetheless, an interaction between
neuroendocrine factors and variations in RV afterload due
to acute changes in the vascular tone at the level of pulmo-
nary vascular bed [19] cannot be excluded. Intriguingly,
the hyperdynamic response of RV long-axis systolic func-

tion was no longer evident in patients assuming caffeine
prior to cigarette smoking. Moreover, in these subjects an
impairment of RV diastolic indices, characterized by an
increase in the late diastolic component of tricuspid annu-
lus motion and a reduction in the tricuspid E_ /A, ratio,
was observed (Figure 6, bottom panels). The mechanisms
underlying these changes are worthy of further explora-
tion. However, these results may suggest that caffeine and
cigarette smoking could exert a synergistic negative effect
on RV function.

The findings of this study further highlight the importance
of smoking as a cardiovascular risk factor, by pointing out
that its well-known deleterious effects on the cardiovascu-
lar system include a depression in LV diastolic perform-
ance that is already evident few minutes after smoking a
single cigarette. Moreover, the evidence that the associa-
tion of caffeine administration and cigarette smoking
resulted in simultaneous impairment in both LV and RV
diastolic function suggests that concomitant assumption
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Tissue Doppler pattern of mitral and tricuspid annulus motion at baseline (panels A-C) and after coffeine assumption followed
by cigarette smoking (panels B-D), showing an increase in both mitral and tricuspid peak A, velocities.

of coffee (or other food or beverages containing caffeine)
and cigarette smoking should be avoided.

This study has limitations. A lager sample size would have
added statistical solidity to our results. The study popula-
tion included young healthy subjects, so that caution is
required in extending results to other populations. The
choice of an interval of 45 minutes between baseline and
second examination in group 1 and 3 was based on a gen-
eral estimate of the time necessary to reach the peak plas-
matic concentration of caffeine after oral assumption, but
a considerable inter-individual variability in caffeine
kinetics exists [34]. Similar considerations can be made
for the arbitrary choice of an interval of 15 minutes after
the beginning of smoking. Assessment of LV and RV
diastolic function was performed using Tissue Doppler
indices, but further studies on invasively determined
measures of ventricular function are needed.

Conclusion

In summary, one cigarette smoking acutely impairs LV
diastolic function and is associated to a hyperdynamic RV
systolic response in young normal subjects. Concomitant
caffeine assumption may enhance the negative effect of
cigarette smoking by abolishing RV hyperdynamic
response and favouring simultaneous impairment in both
LV and RV diastolic performance.
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