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Introduction: There is an established link between smoking, abnormal heart rate (HR) values, and impaired 
cardiovascular health in middle-aged or older populations. The purpose of this study was to examine the ef-
fects of smoking on resting HR and on HR responses during and after exercise in young adults.
Methods: A sample of 298 young adults (159 men), aged 20-29 years old, were selected from a large pop-
ulation of health-science students based on health status, body mass index, physical activity, and smoking 
habit. All subjects underwent a maximal Bruce treadmill test and their HR was recorded during, at peak, and 
after termination of exercise.
Results: Smokers had significantly higher resting HR values than non-smokers. Both female and male 
smokers showed a significantly slower HR increase during exercise. Female smokers failed to reach their 
age-predicted maximum HR by 6.0 bpm and males by 3.6 bpm. The actual maximum HR achieved (HRmax) 
was significantly lower for both female smokers (191.0 bpm vs.198.0 bpm) and male smokers (193.2 bpm 
vs.199.3 bpm), compared to non-smokers. Heart rate reserve was also significantly lower in female (114.6 
bpm vs. 128.1 bpm) and male smokers (120.4 bpm vs. 133.0 bpm). During recovery, the HR decline was 
significantly attenuated, but only in female smokers. Females had a higher resting HR and showed a higher 
HR response during sub-maximal exercise compared to males.
Conclusions: Smoking was found to affect young smokers’ HR, increasing HR at rest, slowing HR increase 
during exercise and impairing their ability to reach the age-predicted HRmax. In addition, smoking was asso-
ciated with an attenuated HR decline during recovery, but only in females.

S moking is a major risk factor for 
cardiovascular morbidity and mor-
tality, and is considered to be the 

leading preventable cause of death in the 
world. Based on WHO estimates, tobacco 
continues to kill nearly 6 million people 
each year, including more than 600,000 
passive smokers, through heart disease, 
lung cancer, and other illnesses; that is 
one and a half million more than the cor-
responding estimate for 1990.1 If current 

trends continue, the death toll is projected 
to reach more than 8 million per year by 
2030.1 Smoking is associated with an in-
creased risk of all types of cardiovascular 
disease, including coronary heart disease, 
ischemic stroke, peripheral artery disease 
and abdominal aortic aneurysm.2 Interna-
tionally, 25% of middle-aged cardiovascu-
lar deaths are attributable to smoking.1,2 
The European Society of Cardiology re-
ported recently that smoking causes 28% 
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of cardiovascular deaths in men and 13% in women 
aged 35 to 69 years.2

There is an established link between heart rate 
(HR) and cardiovascular health.3,4 HR is a very im-
portant, non-invasive and easy-to-measure index of 
myocardial work.5 HR response during exercise6 and 
post-exercise HR decline7 are also very good markers 
of cardiac autonomic control. There is a plethora of 
studies suggesting that the findings of a blunted HR 
elevation during progressive exercise (chronotropic 
incompetence)8-11 and attenuated HR decline during 
recovery11-13 are important surrogates for an underly-
ing autonomic dysfunction associated with increased 
cardiovascular morbidity and mortality. A high rest-
ing HR (HRrest) and abnormal HR responses during 
or after exercise may precede manifestations of car-
diovascular disease and may contribute to the ear-
ly identification of persons at high risk.8,11 Despite 
these indications, the use of HR in clinical practice 
for monitoring cardiovascular function has been un-
dervalued.3,4

Smoking has been associated with higher HRrest
14 

and chronotropic incompetence.15,16 In addition, 
smoking prevalence is significantly higher in popula-
tions with a blunted HR increase during exercise8-11 
or an attenuated HR decline during recovery.11-13 
Overall, HR responses to cigarette smoking may be 
implicated in the link between smoking and cardio-
vascular disease. However, although the effects of 
smoking on HR seem to be age-dependent,17 rela-
tively little is known about how smoking affects HR in 
young adults. The purpose of this study was to exam-
ine the effects of smoking on resting HR and on HR 
responses during and after exercise in young male 
and female smokers.

Methods

Selection criteria

A systematic search for confounding factors has 
shown that age,7,18 body mass index (BMI),19,20 ex-
cessive consumption of coffee or alcohol,21,22 educa-
tional level,23 resting blood pressure,24 and physical 
fitness10,20,24 are potential confounders in the relation 
between smoking and cardiac function. In this series, 
healthy college students, 20-29 years of age, of nor-
mal weight (18.5 kg/m2 ≤ BMI ≤ 24.9 kg/m2), and nor-
motensive (systolic blood pressure: SBP<140 mmHg; 
diastolic blood pressure: DBP<90 mmHg), with a low 
consumption of coffee (up to two cups per day) and 

alcohol (up to seven drinks per week), were eligible 
for the study. Health status was assessed by a physi-
cian and a cardiologist through medical history, phys-
ical and clinical examination. All subjects underwent 
baseline ECG and echocardiographic examinations 
to exclude cardiac abnormalities and confirm normal 
left ventricular function at baseline. Students with 
metabolic diseases, such as diabetes, hyperlipidaemia 
and thyroid disease, physical disability, recent illness, 
pregnancy and a history of alcohol or drug abuse, 
were not included in the study population. An ele-
vated resting HRrest is directly related with abnormal 
HR responses during and after exercise,10-12 and is an 
independent risk factor for cardiovascular morbidity 
and mortality.25-28 In this study, the cut-off limit for 
tachycardia was set at ≥90 bpm for women and ≥85 
bpm for men.4,29 All individuals with a higher HRrest 

were excluded.
Physical activity and exercise capacity as mea-

sures of physical fitness are strongly associated with 
cardiac function and cardiovascular health, both 
in young adults30 and in healthy middle-aged indi-
viduals.10,20 In order to control for these potential 
confounders, the physical activity level of the sub-
jects was evaluated using the Greek version of the 
short International Physical Activity Questionnaire 
(IPAQ-Gr), which has shown good to high reliabil-
ity31 and adequate validity32 properties in young 
adults. The individuals eligible for the study were 
those with a low physical activity profile, according 
to IPAQ physical activity classification criteria.31 In 
order to control for exercise capacity, the statistical 
outcomes were corrected for subjects’ maximal exer-
cise test duration. Finally, smokers were defined as 
those who had smoked 20 or more cigarettes per day 
for at least three smoking years. Non-smokers had 
never smoked.

Study population

The participants were selected from a large popula-
tion of physical therapy students at the Technologi-
cal Educational Institute of Athens (TEI-A). A stan-
dardised self-addressed questionnaire was given to all 
3rd and 4th year students during 5 consecutive years. 
Based on the selection criteria, 421 students were 
invited for baseline evaluation, but finally 298 (159 
men) completed all measurements and tests (Table 
1). The rest (123 students, 29%) either did not meet 
the baseline criteria for HR, SBP and DBP at rest 
(22%), or did not complete the protocol (7%).
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Study protocol

All tests and measurements were conducted during 
morning hours, under constant conditions of temper-
ature and humidity. Before their first appointment 
day, the participants familiarised themselves with the 
lab and exercise test equipment and signed a written 
informed consent. At baseline, HRrest, SBP, and DBP 
were obtained with the subjects lying supine, after ten 
minutes of rest. If eligible, the students were given an 
appointment for their exercise test evaluation. The 
study protocol followed the principles of the Helsin-
ki Declaration and its later amendments and was ap-
proved by the research committee of TEI-A.

Exercise test

All participants exercised with the standard Bruce 
maximal treadmill test. The maximal exercise test du-
ration was used as an indirect measure of participants’ 
exercise capacity. The exercise testing procedures fol-
lowed the guidelines set out by the American Heart 
Association.33 In summary, participants abstained 
from heavy eating, coffee and alcohol, and smokers 
from smoking, for at least 6 hours before the exercise 
test. During testing, subjects were not using the hand-
rails for support. Those participants who were able to 
continue to the fourth stage of the Bruce protocol ex-
ercised in a running mode. Age-predicted target HRs 

were not used as predetermined endpoints. Testing 
was terminated at maximal effort, when symptoms 
such as intense exhaustion, fatigue, dyspnoea, or in-
tense leg pain occurred. All subjects were placed su-
pine immediately after termination of the exercise test 
for a 5-min recovery period. Neither the cardiologist 
who supervised the exercise tests nor the assisting ex-
aminer were aware of the subjects’ smoking status.

Heart rate evaluation

The same examiner of the research team obtained all 
HR measurements with the use of a 12-lead ECG. 
HRrest was obtained with the subjects lying supine, 
after 10 minutes of rest. During the Bruce test, HR 
values were recorded at the end of every minute (e.g. 
HR1). The HR value at a fixed sub-maximal aerobic 
workload was defined as HRsubmax (e.g. end of stage 
one - HR3, end of stage two - HR6). The percentage 
HR increase until a given minute (ΔHR%) was used 
as a representative index of HR response during exer-
cise and was calculated as follows: ΔHRv% = (ΔHRv/ 
HRrest) × 100, where ΔHRv = HRv – HRrest. In ad-
dition, the percentage HR increase between the 3rd 
and 6th min of exercise (ΔHR6-3%) was computed. 
The highest HR achieved at maximal effort was de-
fined as the actual maximum HR (HRmax). The age-
predicted HRmax was determined as 220 minus the 
participant’s age. In order to account for age and 

Table 1. Personal characteristics, baseline and exercise data of study population.

 Females Males
 Non-Smokers Smokers Non-Smokers Smokers
 (n=79) (n=60) (n=86) (n=73)

Age (yrs) 22.3 ± 1.3 22.8 ± 1.7* 22.6 ± 1.9 23.2 ± 1.9*
Height (cm) 165.1 ± 5.4 164.3 ± 5.5* 178.9 ± 5.6 178.4 ± 6.0*
Weight (kg) 57.0 ± 5.3 57.3 ± 5.8* 74.2 ± 6.4 74.2 ± 6.6*
BMI (kg/m2) 20.9 ± 1.5 21.2 ± 1.6* 23.2 ± 1.4 23.3 ± 1.4*
HRrest (bpm) 70.0 ± 5.8  76.4 ± 6.4† 66.3 ± 6.1 72.8 ± 6.1†

Age-predicted HRmax (bpm) 197.7 ± 1.3 197.2 ± 1.7* 197.4 ± 1.9 196.9 ± 1.9*
SBPrest (mmHg) 119.4 ± 8.2 117.4 ± 8.0* 125.1 ± 8.1 124.3 ± 8.2*
DBPrest (mmHg) 72.9 ± 6.4 72.5 ± 6.5* 76.4 ± 6.4 77.1 ± 6.5*
Smoking Never smoke ≥ 20 cigarettes/day Never smoke ≥ 20 cigarettes/day
Smoking yrs Never smoke 4.7 ± 1.7 Never smoke 5.8 ± 2.3
PA‡ Low Low Low Low
IPAQ score‡ 342 326* 352 337*
Exercise test duration (min) 9.4 ± 0.8 8.5 ± 0.8† 11.4 ± 0.9 9.9 ± 0.8†

*Non-significant differences between smokers and non-smokers. †p<0.01 for smokers vs. non-smokers. ‡Scoring and classification criteria were based on 
IPAQ committee guidelines.31 Values are expressed as mean ± SD. 
BMI – body mass index; DBPrest – resting diastolic blood pressure; HR – heart rate; IPAQ score – total weekly physical activity score based on International 
Physical Activity Questionnaire; PA – physical activity; SBPrest – resting systolic blood pressure;



(Hellenic Journal of Cardiology) HJC • 171

Smoking and Exercise Heart Rate in Young Adults

HRrest, heart rate reserve (HRR) and the percent-
age of the age-predicted HRR achieved (HRR%) 
were used and computed as follows: HRR = HRmax 

– HRrest and HRR% = [HRR / (age-predicted HRmax 

– HRrest)] × 100.6,15 The HR recovery (HRrec) was re-
corded during the 5-min post-exercise period. Two 
indexes of HRrec were computed: 1) the HR differ-
ence between HRmax and a given min of recovery, 
ΔHRrecv = HRmax – HRrecv, as a measure for com-
parison with previously published data; and 2) the 
percentage HR decline until a given min of recovery, 
ΔHRrecv% = (ΔHRrecv / HRmax) × 100. For the pur-
poses of the present study, HR values at rest, during 
sub-maximal exercise, at peak exercise, and during 
the first two minutes of recovery were used for com-
parisons between groups.

Data analysis

Statistical analysis of the data was performed using 
the IBM SPSS version 19 software package (2010 
SPSS Inc., Chicago, IL, USA). Age, BMI, BP, HR 
values and maximal exercise test duration were nor-
mally distributed (Kolmogorov–Smirnov test) and are 
presented as mean ± standard deviation. Analysis of 
variance for personal, baseline and exercise data, and 
the chi-square test for IPAQ score were used to ex-
amine possible differences between groups.

For the detection of significant HR differences be-
tween smokers and non-smokers, multivariate analysis 
of variance (general linear model, full factorial - type 
III) was used. Smoking was considered the indepen-
dent variable (fixed factor) and all HR values were set 
as the dependent variables. Preliminary stepwise mul-
tiple regression analysis was used in order to determine 
which of the personal characteristics (age, sex, BMI, 
smoking, total weekly PA and maximal exercise test 
duration: independent variables) were significantly as-
sociated with each one of the examined HR values (de-
pendent variables). Smoking was a significant deter-
minant of HR in all cases. Total IPAQ score and BMI 
were not found to have any relation with HR respons-
es and were therefore excluded from the final multi-
variate model. Maximal exercise test duration and age 
were related with most HR values and they both en-
tered the final MANCOVA model as covariates. Gen-
der was found to significantly affect HR responses and, 
since it was our intension to examine the effects of 
smoking on HR in both sexes, the results are present-
ed separately for men and women. The level of signifi-
cance was set as a p-value <0.05.

Results

Baseline data

Two hundred and ninety-eight young healthy adults 
with a mean age of 22.7 years participated in the pres-
ent study (Table 1). Non-significant differences were 
found between smokers and non-smokers regarding 
age, height, weight, BMI and physical activity level 
in both sexes. In addition, non-significant differences 
were found for resting SBP and DBP between smok-
ers and non-smokers of both sexes (Table 1). Howev-
er, smokers had significantly higher HRrest compared 
with non-smokers in both female (76.4 bpm vs. 70.0 
bpm, p=0.001) and male (72.8 vs. 66.3, p=0.004) par-
ticipants (Tables 2 & 3). Regarding sex differences, 
males had a lower HRrest than females (69.2 bpm vs. 
72.7 bpm, p<0.001), but their resting SBP and DBP 
were significantly higher (data not shown).

HR during exercise

In females, non-significant differences were found 
in HRsubmax between smokers and non-smokers (Ta-
ble 2). However, female smokers had a significantly 
lower HR increase (p=0.001) until a given minute of 
sub-maximal exercise than non-smokers (ΔHR3%: 
74.6% vs. 85.9% and ΔHR6%: 118.0% vs. 137.2%). 
In addition, the percentage HR increase between 
the 3rd and 6th min of exercise was significantly low-
er for female smokers (ΔHR6-3%: 24.9% vs. 27.7%, 
p=0.003). Moreover, as exercise intensity increased, 
the rate of HR increase slowed in female smokers. 
At rest, their HR was 9.1% higher than that of non-
smokers, but this dropped to 2.5% (3rd min) and to 
0.3% at the end of stage two (6th min).

Male smokers had a significantly higher HRsubmax 
at the end of the 3rd min than non-smokers (HR3: 
121.6 bpm vs. 128.5 bpm, p=0.027), but non-signifi-
cant differences were found at the end of the 6th min 
(Table 3). Male smokers had a significantly lower 
HR increase until the end of the 6th minute of sub-
maximal exercise than did non-smokers (ΔHR6%: 
108.7% vs. 121.7%, p=0.001). Moreover, the per-
centage HR increase between the 3rd and 6th min 
of exercise was significantly lower for male smokers 
(ΔHR6-3%: 17.7% vs. 20.3%, p=0.001). As exercise 
intensity increased, the rate of HR increase slowed 
in male smokers. At rest, their HR was 9.8% higher 
than that of non-smokers, but this dropped to 5.7% 
(3rd min) and to 3.4% (6th min).

Regarding sex differences, females showed a 
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higher HR response during sub-maximal exercise 
compared to males. Both sub-maximal HR values and 
percentage HR increase during exercise were signifi-
cantly higher in females in all subgroups examined.

HR at peak exercise

The age-predicted HRmax was similar in smokers and 
non-smokers, for both sexes. However, the actual 

Table 2. Multivariate analysis of the effects of smoking on heart rate values at rest, during sub-maximal exercise, at peak exercise and dur-
ing recovery in young females.

    Significance
 Non Smokers Smokers
 (n=79) (n=60) F-value p Mean difference (95% CI)

Rest:
HRrest (bpm) 70.0 ± 5.8 76.4 ± 6.4 12.01 0.001 -6.39 (-8.44 to -3.34)

Submax exercise:
HR3 (bpm) 129.5 ± 7.8 132.7 ± 8.4 0.76 NS -3.23 (-5.96 to -0.50)
ΔHR3% (%) 85.9 ± 14.0  74.6 ± 13.2 16.62 0.001 11.32 (6.69 to 15.95)
HR6 (bpm) 165.2 ± 9.0 165.6 ± 8.9 1.89 NS -0.41 (-3.44 to 2.62)
ΔHR6% (%) 137.2 ± 17.6 118.0 ± 17.8 28.32 0.001 19.15 (13.17 to 25.13)
ΔHR6-3% (%) 27.7 ± 4.4 24.9 ± 4.6  8.86 0.003 2.76 (1.24 to 4.28)

Peak exercise:
HRmax (bpm) 198.0 ± 2.7 191.0 ± 2.8 148.36 <0.001 7.04 (6.11 to 7.97)
HRR (bpm) 128.1 ± 5.8 114.6 ± 7.0 72.64 <0.001 13.43 (11.29 to 15.57)
HRR% (%) 100.2 ± 1.8 95.0 ± 2.2 150.82 <0.001 5.28 (4.60 to 5.95)

Recovery:
ΔHRrec1 (bpm) 50.0 ± 7.7 39.1 ± 7.4 17.71 <0.001 10.85 (8.29 to 13.41)
ΔHRrec1% (%) 25.3 ± 3.8 20.5 ± 3.8 10.30 0.002 4.74 (3.47 to 6.02)
ΔHRrec2 (bpm) 68.0 ± 6.9 57.2 ± 6.8  26.53 <0.001 10.82 (8.50 to 13.15)
ΔHRrec2% (%) 34.3 ± 3.3 29.9 ± 3.4 13.65 <0.001 4.40 (3.26 to 5.54)

Values are expressed as mean ± SD. Significance values were adjusted for age and maximal exercise test duration. 
CI – confidence interval; HR – heart rate; ΔHR% – percentage heart rate increase until a given min of exercise; ΔHR6-3% – percentage heart rate increase 
between 3rd and 6th min of exercise; HRmax – maximum heart rate; HRR – heart rate reserve; HRR% – percentage of the age-predicted heart rate reserve 
achieved; ΔHRrec – heart rate difference between HRmax and a given min of recovery; ΔHRrec% – percentage of heart rate decline until a given min of 
recovery.

Table 3. Multivariate analysis for the effects of smoking on heart rate values at rest, during sub-maximal exercise, at peak exercise and dur-
ing recovery in young males.

    Significance
 Non Smokers Smokers
 (n=79) (n=60) F-value p Mean difference (95% CI)

Rest:
HRrest (bpm) 66.3 ± 6.1 72.8 ± 6.1 8.59 0.004 -6.50 (-8.41 to -4.59)

Submax exercise:
HR3 (bpm) 121.6 ± 7.9 128.5 ± 7.8 4.98 0.027 -6.95 (-9.42 to -4.49)
ΔHR3% (%) 84.4 ± 14.0  77.5 ± 14.2 2.37 NS 6.89 (2.45 to 11.32)
HR6 (bpm) 146.1 ± 8.8 151.0 ± 8.4 0.25 NS -4.92 (-7.62 to -2.21)
ΔHR6% (%) 121.7 ± 16.9 108.7 ± 16.2 10.46 0.001 13.07 (7.85 to 18.29)
ΔHR6-3% (%) 20.3 ± 4.4 17.7 ± 4.9  11.09 0.001 2.66 (1.21 to 4.11)

Peak exercise:
HRmax (bpm) 199.3 ± 2.9 193.2 ± 3.2 66.55 <0.001 6.13 (5.18 to 7.08)
HRR (bpm) 133.0 ± 6.7 120.4 ± 6.7 39.61 <0.001 12.63 (10.51 to 14.74)
HRR% (%) 101.4 ± 2.1 97.1 ± 2.3 65.15 <0.001 4.31 (3.63 to 4.99)

Recovery:
ΔHRrec1 (bpm) 50.2 ± 7.5 39.6 ± 7.8 2.118 NS 10.63 (8.23 to 13.02)
ΔHRrec1% (%) 25.2 ± 3.6 20.5 ± 3.9 0.381 NS 4.71 (3.53 to 5.89)
ΔHRrec2 (bpm) 69.1 ± 7.1 58.1 ± 8.8  3.74 NS 11.04 (8.63 to 13.45)
ΔHRrec2% (%) 34.7 ± 3.4 30.0 ± 4.1 0.59 NS 4.62 (3.45 to 5.80)

Values are expressed as mean ± SD. Significance values were adjusted for age and maximal exercise test duration. Abbreviations as in Table 2.
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HRmax was significantly lower (p<0.001) for both fe-
male (191.0 bpm vs. 198.0 bpm, Table 2) and male 
smokers (193.2 bpm vs.199.3 bpm, Table 3) com-
pared to non-smokers. Both female and male smok-
ers failed to reach their age-predicted HRmax, with 
female smokers falling short by 6.0 bpm, and male 
smokers by 3.6 bpm. In contrast, female non-smok-
ers achieved their age-predicted HRmax (Tables 1,2), 
while male non-smokers exceed it by 1.9 bpm (Ta-
bles 1,3). Heart rate reserve was significantly lower 
(p<0.001) in both female (114.6 bpm vs. 128.1 bpm) 
and male smokers (120.4 bpm vs. 133.0 bpm) com-
pared to non-smokers. In addition, the percentage of 
HRR achieved (HRR%) was also significantly lower 
in smokers (p<0.001). Female smokers reached 95% 
of their age-predicted HRR, while female non-smok-
ers achieved 100.2%. Male smokers reached 97.2% of 
their age-predicted HRR, compared with 101.4% for 
male non-smokers.

HR during recovery

Both absolute HR decline and percentage HR de-
cline during the first two minutes of recovery were 
significantly lower for female smokers compared to 
non-smokers (Table 2, Figure 1). At the first post-ex-
ercise minute, ΔHRrec1% was 20.5% for female smok-
ers vs. 25.3% for non-smokers (p=0.002). At the sec-
ond post-exercise min, ΔHRrec2% was 29.9% for fe-
male smokers vs. 34.3% for non-smokers (p<0.001). 
However, HR recovery values were not found to be 
significantly different between smokers and non-
smokers in males (Table 3, Figure 2).

Discussion

In the present study, smoking was found to affect the 
resting and exercise HR responses in both male and 
female young smokers. Smokers had elevated HRrest, 
a slower HR increase during exercise, impaired abil-
ity to reach their age-predicted HRmax, and female 
smokers had an attenuated HR decline during recov-
ery.

Heart rate at rest

In our study, the HRrest in females was 3.5 bpm high-
er than in males; this agrees with the average HRrest 
difference of 3-7 bpm between sexes found in most 
studies.4,21,25,29 Our findings also indicate that both 
female and male young smokers had significantly 
higher HRrest than non-smokers. These results are 
in line with previously published data from young 
populations,21,34-36 and they are also in agreement 
with many HR-related studies of healthy middle-
aged populations, where smoking has been associ-
ated with increased resting HR values.26,27 Smok-
ing is associated with autonomic dysfunction14 and 
with selective alterations in cardiac autonomic con-
trol.37,38 More specifically, smoking, acting at periph-
eral sympathetic sites, increases circulating levels of 
catecholamines,39 augments sympathetic outflow,17,40 
and causes a long-term reduction in vagal drive.38 
This sympathetic predominance, seen even in young 
heavy smokers,38 is also associated with impaired 
baroreflex function,37,40 leading to a marked increase 
in HRrest.
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Heart rate at sub-maximal workload

The HR value at a fixed sub-maximal aerobic work-
load (HRsubmax) is directly related with the increased 
metabolic demands imposed by the specific workload 
intensity.6 Thus, HRsubmax can be considered as an im-
portant marker of myocardial work,5 being inversely 
associated with exercise capacity41,42 and cardiovascu-
lar health.43,44

Our data indicated that no differences were found 
between young smokers and non-smokers regarding 
their sub-maximal HR values, with the exception of 
HR3 in males, where smokers had significantly high-
er HR values. There are few studies examining the ef-
fects of smoking on HRsubmax in healthy young adults. 
The results are confusing, since in some studies smoking 
was found to increase men’s HR at a fixed sub-maximal 
workload,15,24 whereas elsewhere it was suggested that 
smokers have lower HR at sub-maximal exercise,45,46 
and others found no differences.36,47 Differences in 
methodology (e.g. definition of sub-maximal workload, 
HR evaluation protocol, selection criteria for smokers, 
etc.) might have contributed to these divergent findings.

In the present study, the effects of smoking on HR-

submax at the end of stage I were sex-specific. It is likely 
that the significant differences found between the sexes 
in smoking years and exercise capacity (greater differ-
ences in maximal exercise test duration were observed 
between smokers and non-smokers in males than in fe-
males) may partially explain our findings. Bernaards et 
al similarly reported that the effect of smoking on HR-

submax and cardiovascular fitness was more pronounced 
in male smokers than in female smokers, a finding that 
is possibly explained by the lower number of pack-
years in women.46 In the Framingham Heart Study, 
Lauer et al found that the effect of smoking on HR-

submax was sex-dependent at younger ages (<40 yrs).15 
The authors reported that male smokers had higher 
HRsubmax (at 6th min of Bruce exercise test) than non-
smokers, but female smokers had significantly lower 
values than non-smokers. This is consistent with the 
finding of Shalnova et al that smoking had a significant 
negative association with HRsubmax at a fixed treadmill 
workload, but only in females.41 Clearly, further re-
search is needed to thoroughly examine the association 
between smoking and HRsubmax in young adults and 
the possible effect of gender.

Heart rate increase during exercise

During exercise, the increased metabolic demands 
are met by an increased cardiac output, achieved 

through an augmentation in HR and stroke volume. 
The elevation of HR—confounded by age, HRrest 
and exercise capacity5,6—is regulated by exercise-
induced autonomic control, where sympathetic ac-
tivity increases and vagal tone is reduced. The HR 
elevation peaks at maximal exercise, when healthy 
subjects achieve an actual HRmax close (±10 bpm) 
to their age-predicted HRmax.

6 An impaired HR re-
sponse to exercise and failure to reach >80% of the 
age-predicted HRR, known as chronotropic incom-
petence,6 are associated with autonomic imbalance 
and are important prognostic markers of cardiovascu-
lar health.8-11,48

In the present study, both female and male smok-
ers showed a significantly slower HR increase during 
treadmill testing compared to non-smokers. Although 
chronotropic incompetence was not observed in any 
of the subgroups examined, significantly more smok-
ers failed to reach their age-predicted HRmax. Smok-
ers had a lower HRmax by 7.0 bpm in females and 6.1 
bpm in males, similar to the 7.0 bpm difference be-
tween smoking and non-smoking groups reported by 
Sandvik et al in healthy middle-aged men.10 Our re-
sults are also in line with many HR-related epidemio-
logical studies in healthy middle-aged8-10,49 or young-
er48 populations, where smoking was always signifi-
cantly associated with an impaired HR increase dur-
ing exercise, a lower HRR or a lower HRmax achieved. 
Analysis of our data showed that the effects of smok-
ing on ΔHR%, HRmax, HRR and HRR% were more 
pronounced in female smokers. These sex-specif-
ic findings are similar to those reported by Lauer15 
and Sidney,45 supporting the suggestion that smoking 
may be associated with a higher cardiovascular risk in 
young women than in men.23

It has been reported that smoking blunts HR el-
evation during progressive exercise, posing an in-
creased risk to smokers’ health.15,16 Adaptations 
to chronic smoking, such as down-regulation of 
β-adrenergic receptors, have been used in order to ex-
plain smokers’ blunted HR response to exercise.15,46 
Long-term smoking has been found to decrease the 
density of lymphocyte or adipose tissue β-receptors, 
down-regulating the β-receptors of the cardiovascular 
system.39 The down-regulation of β-adrenergic recep-
tors may explain why β-adrenergic blockers are not 
so effective in smoking cardiac patients who, despite 
β-adrenergic blockade, have higher HRsubmax com-
pared with non-smoking cardiac patients.50 However, 
it is questionable whether these adaptations, which 
usually refer to middle-aged or older-aged smokers, 
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can explain the chronic effects of smoking on HR re-
sponse during exercise in healthy young adults. In ad-
dition, it must be considered whether it may be the 
smokers’ impaired exercise capacity that results in 
their inability to achieve a good exercise response51 
and thus an adequate HR increase.

Heart rate decline during recovery

After the termination of exercise, sympathetic activity 
is withdrawn and vagal reactivation mediates the rate 
at which HR declines. HR decline during recovery is 
a useful marker of cardiac autonomic control, being 
directly associated with the intensity of post-exercise 
parasympathetic activity.7,52 Attenuated HRrec is de-
fined as abnormal if it declines by ≤12 bpm in the first 
post-exercise minute for tests that use a cool-down 
protocol, or by ≤18 bpm for protocols that stop exer-
cise abruptly.7,52 Abnormal HRrec following a maxi-
mal exercise test is directly related with a higher risk 
of cardiovascular disease,7,13 being also an indepen-
dent predictor of mortality.8,11,12,52

In our study, there were no signs of abnormal 
HRrec observed in any of the subgroups examined. 
However, the HR decline during recovery was at-
tenuated in young smokers of both sexes, but these 
changes were significant only in female smokers. In 
many epidemiological HR-related studies in healthy 
middle-aged populations, smoking was inversely as-
sociated with HR decline during recovery.12,13 There 
are very few studies that have examined the associa-
tion between smoking and HRrec in young adults. Ko-
bayashi et al reported that young smokers had attenu-
ated HR decline after sub-maximal exercise.36 In our 
study, smoking was negatively related with HR de-
cline after maximal exercise. In contrast, in the CAR-
DIA study the prevalence of smoking was significant-
ly lower in the slower HRrec quartiles.30 The impor-
tant differences in the research design of the studies 
just mentioned, such as the workload intensity at ter-
mination of exercise (maximal vs. sub-maximal) and 
the recovery protocol (cool down vs. abrupt cessation 
of exercise) may explain the discrepancy between the 
results.

There is a direct correlation between the HRmax 
achieved at peak exercise test and the subsequent 
HR decline during recovery.11,13,30,52 This relationship 
may partially explain our results in females, where 
smokers had a significantly lower HRmax and blunted 
HRrec comparing to non-smokers. In addition, it has 
been found that an attenuated HRrec may also rep-

resent a marker of decreased exercise capacity, inde-
pendently of health.7,52 Indeed, the CARDIA study 
reported a significant direct p-trend towards a de-
creased exercise capacity as HRrec slowed.30 These 
observations may explain the gender-specific smok-
ing effects on HRrec found in the present study, where 
smoking was associated with an attenuated HRrec on-
ly in females. As shown in Table 1, females’ exercise 
capacity was significantly lower compared to males in 
both smoking and non-smoking groups. However, as 
these gender-specific effects are not fully explained, 
further studies are needed in the future to thoroughly 
examine and establish these findings.

Limitations – future suggestions

The main strengths of this study were the strict selec-
tion criteria used for the enrolment of subjects from 
a well defined and homogeneous target population, 
and the examination of the smoking-HR relation-
ship separately for men and women. In addition, the 
single-blind design (neither the cardiologist nor the 
examiner were aware of subjects’ smoking status), 
and the control for potential confounders added sta-
tistical power to our results. On the other hand, the 
size of the sample and the non-randomised design 
are the main limitations. In addition, it can be ar-
gued that it is preferable to use objective measures 
in order to define smoking selection criteria, such 
as serum nicotine or cotinine levels, rather than for-
mal questionnaires. However, standardised question-
naires are widely used in most smoking-related stud-
ies.12,18,19,50,51 Finally, our target population consisted 
of healthy young higher education students. Socio-
economic status, smoking years, dietary habits, as well 
as other factors might differ from the general popu-
lation. Therefore, the extent to which the present re-
sults could be generalized to a more unselected popu-
lation cohort is unclear.

Given the grave consequences of smoking for car-
diovascular health, the early detection of its effects 
on resting HR and on HR responses during exer-
cise is of great importance and supports the need for 
prompt cessation of the smoking habit, especially in 
young people. Although there appears to be a general 
agreement that smoking increases resting HR, further 
research is needed for a thorough evaluation of the 
effects of tobacco on HR changes during and after ex-
ercise, since abnormal HR responses may serve as an 
important prognostic factor for future cardiovascular 
morbidity.
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Conclusions

Smoking was found to affect young smokers’ HR, in-
creasing HR at rest, slowing HR increase during ex-
ercise, and impairing their ability to reach the age-
predicted HRmax. In addition, smoking was associated 
with an attenuated HR decline during recovery, but 
only in females. Concerning sex differences, females 
had a higher resting HR and showed a higher HR 
response during sub-maximal exercise compared to 
males.
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