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KIRSCHBAUM, C., C. J. STRASBURGER AND J. LANGKRAR. Attenuated cortisol response to psychologicalstress 
but not to CRH or ergometry in young habitual smokers. PHARMACOL BIOCHEM BEHAV 44(3) 527-531, 1993.- 
Salivary cortisol and heart rate responses to a) psychological stress (public speaking and mental arithmetic), b) human 
corticotropin-releasing hormone (hCRH), and c) bicycle ergometry until exhaustion were investigated in 10 smokers and 10 
nonsmokers. Compared to d), an injection of physiological saline, psychological stress as well as hCRH resulted in significant 
elevations of salivary cortisol levels in the total group. Ergometry workload induced only moderately enhanced cortisol 
concentrations. Profound changes in heart rates were observed following bicycle ergometry [ + 83 beats per minure (bpm)] 
and after the psychological stress (+29 bpm). hCRH injection increased heart rate by 5 bpm while heart rates dropped after 
saline administration ( - 2 bpm). Smokers showed an attenuated cortisol response to the psychological stressor. Mean cortisol 
increases reached only one third in smokers compared to nonsmokers. Similarly, cortisol levels in smokers tended to be lower 
after hCRH injection; however, this difference was not statistically significant. Cortisol responses to ergometry did not differ 
between the two groups. Likewise, heart rates did not reveal different profiles in any of the three stimulations in smokers 
compared to nonsmokers. 

Cortisol Saliva Heart rate Psychological stress Ergometry Humans Smoking 

ACUTE nicotine administration has been shown to elicit en- 
docrine responses in several hormones including a hypersecre- 
tion of corticotropin (ACTH),/3-endorphin, growth hormone, 
vasopressin, luteinizing hormone (LH), and glucocorticoid 
steroids (1,3,15). In addition to acute elevation following ciga- 
rette smoking, we recently observed enhanced cortisol levels 
in habitual smokers compared to nonsmokers studied over a 
12-h period (11). The difference in overall cortisol levels did 
not reflect profoundly elevated baseline levels in smokers but 
rather an increase due to repeated cigarette smoking. More- 
over, there was a tendency toward larger meal-induced cortisol 
secretion in the same subjects, probably as a result of additive 
or synergistic action of insulin and nicotine in smokers. 

While the stimulatory effect of nicotine on the hypothala- 
mic-pituitary-adrenal (HPA) axis is well established (6,7, 
11,14,18,24,25), there are only few data available to date on 
possible differences in endocrine responsiveness between 
smokers and nonsmokers besides different reactions to nico- 
tine exposure. Sellini and coworkers (17) recently described 
attenuated cortisol responses to lysin-8-vasopressin in smokers 
compared to nonsmokers. However, they did not observe a 
similar difference between both groups after insulin-induced 

hypoglycemia. Similarly, a recent study by Tersman et al. (21) 
could not reveal different cortisol levels between smokers and 
nonsmokers after a mental stressor; however, they reported 
differences in cardiovascular responses. 

In view of the hypothesis that a robust response of gluco- 
corticoid hormones to stressors may counterbalance some of 
the potentially detrimental reactions of the body (12,20), the 
impact of habitual smoking on cortisol responses to different 
stimuli deserves further investigation. In the present study, we 
therefore measured cortisol responses to psychological stress, 
to an injection of human corticotropin-releasing hormone 
(hCRH), and following bicycle ergometry in healthy subjects. 
We hypothesized that due to repeated stimulation of adreno- 
cortical cells by nicotine habitual smokers show attenuated 
cortisol responses to stimulation of the HPA. 

METHOD 

Subjects 

Ten male habitual smokers and 10 male nonsmokers were 
paid for participation. Their mean age was 24.7 + 3.3 years 
(mean + SD) and mean height was 180.5 + 5.8 cm. Accord- 
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ing to information provided by subjects, smokers consumed a 
mean of 19.9 _+ 1.95 cigarettes per day with a nicotine content 
of 0.97 _+ 0.09 mg per cigarette. One smoker and one non- 
smoker were assigned to a pair matched for age, body weight, 
and physical fitness. Written consent was obtained from each 
subject before entering the first test. They had to pass a brief 
medical examination to ensure absence of illness and health 
risk factors (e.g., hypertension). All subjects were medication 
free. 

General study outline 

Both individuals of one pair attended all experimental ses- 
sions on the same day starting between 10:00 a.m. and 11:00 
a.m. Subjects were asked to get up at 8:00 a.m. before each 
experimental session and refrain from smoking and intense 
physical exercise at least 1 h prior to the start of  the experi- 
ments. After entering the laboratory, subjects were equipped 
with an electrode belt for wireless transduction of  heart rates. 
Thereafter, an indwelling catheter was inserted into the ante- 
cubital vein and kept open by physiological saline. After an 
initial rest period of 30 min and subsequent stimulation, sub- 
jects were monitored for 90 min relative to stimulation onset. 
Thus, the total duration of  each experiment was 2 h. Subjects 
had no information about the sequence of  tests, which was 
randomized across the 10 pairs of  subjects studied. Further, 
they were blinded with respect to the nature of the substance 
injected (either saline or hCRH; see below). 

Stimulation procedures 

Psychological stress. The psychological stressor consisted 
of  a largely standardized public speaking task and mental 
arithmetic in front of  an audience as recently described (10). 
Briefly, subjects had to prepare a short talk in which they had 
to take over the role of  an individual who applied for a job 
(10 min). This talk (5 min) was given in front of  an audience of  
three subjects with a videocamera and tape recorder installed. 
Immediately following was the second task, in which subjects 
had to serially subtract 13 as quickly and accurately as possible 
starting at 1,022. It should be noted that none of  the subjects 
had prior experience with public speaking other than oral pre- 
sentations as part of their university education. 

CRH and placebo tests. A standard CRH test was per- 
formed using a bolus injection of  100 ttg synthetic hCRH 
(Bissendorf Peptide, Wedemark, Germany). In the placebo 
test, subjects received a bolus injection of  1 ml physiological 
saline. With the exception of  the nature of  the injected sub- 
stance, both experiments were identical. The latter test was 
chosen as a control for possible stress effects due to the proce- 
dure of  venipuncture, injection, etc. 

Ergometry. At time 0 min, subjects started to work on a 
bicycle ergometer at an initial workload of  100 W. Workload 
was increased by 50 W every minute until exhaustion. The 
experiment was also stopped when the individual's heart rate 
exceeded 190 beats per minute (bpm). 

Sampling and biochemical assay of  cortisol 

Cortisol levels were determined from saliva samples be- 
cause they represent the unbound, that is, biologically active 
hormone fraction. Saliva cortisol is highly correlated with se- 
rum free and total cortisol levels and has been shown to be 
independent of  saliva flow rate. The noninvasive sampling 
makes saliva steroid measurement the method of  choice for 
investigations of  stress effects on cortisol levels [for reviews, 
see (9,16,22)]. 

Saliva samples were obtained by subjects at - 1 0 ,  0, 10, 
20, 30, 40, 60, and 90 rain with respect to stimulation onset. 
For easy and hygienic sampling of  saliva, the Salivette sam- 
piing device (Sarstedt, Rommelsdorf, Germany) was em- 
ployed as described elsewhere (4). Samples were stored at 
- 2 0 0 C  until being assayed. For cortisol analysis, a time- 
resolved fluorescence immunoassay was used (2). Intra- and 
interassay precision was less than 6 and 8*/0, respectively. 

Heart rate 

Heart rate was monitored in 15-s intervals by wireless sig- 
nal transduction (Sport-Profi, Polar Instruments, Eschborn, 
Germany). A total of 480 heart rates per subject were sampled 
over the 2-h period of  each experiment. For statistical analy- 
sis, heart rates were averaged over 5-min intervals for the 
period - 5 min to + 90 rain. Due to technical problems, heart 
rates could be obtained from only 19 subjects in the CRH and 
NaC1 experiments and from only 17 subjects under psycholog- 
ical stress. 

Statistical analysis 

Analyses of variance (ANOVAs) for repeated measurement 
were performed to reveal possible time and/or  group effects 
with respect to cortisol levels and heart rates measured in each 
subject. The individual baselines were introduced as covariates 
to control for possible differences in initial values. Two-tailed 
unpaired Student's t-tests were computed for comparison of  
baseline levels; paired t-tests were computed for comparison 
of  peak heart rates. Results with a probability of  c~ _< 5% 
were considered statistically significant. 

RESULTS 

In the total group, cortisol levels were significantly higher 
after psychological stress, CRH administration, and ergome- 
try when compared to saline injection (F = 9.9, 15.4, and 
8.3, respectively; all p < 0.001; Fig. 1A). From similar base- 
line levels in all four tests, cortisol decreased consistently after 
NaC1 injection (time effect, F = 8.7, p < 0.001). However, 
cortisol levels were increased almost twofold after psychologi- 
cal stress and threefold after CRH, respectively. Although 
ergometry workload did not lead to significant elevations 
compared to baseline levels, cortisol levels did not decrease 
up to 60 rain after start of exercise, either. Mean heart rates 
increased by 83 bpm under ergometry (t = 12.7, p < 0.001), 
29 bpm following psychological stress (t = 6.1, p < 0.001), 
and 5 bpm after CRH injection (t = 3.1, p < 0.01). Under 
saline administration, heart rates dropped by 2 bpm (t = 1.8, 
p = 0.08; Fig. 1B). While baseline heart rates and heart rate 
responses were not significantly different between smokers 
and nonsmokers in any of  the four experiments (all F values 
< 1), cortisol levels revealed different profiles under psycho- 
logical stress. Although a similar time course could be ob- 
served in both groups, nonsmokers had a mean cortisol re- 
sponse that was almost threefold higher than the increase in 
the smokers (9.1 vs. 3.2 nM/l;  F = 2.1, p < 0.05; Fig. 2). 
There was no significant group effect (F = 3.3, p > 0.05). 

A similar picture emerged in the CRH condition. Again, 
smokers tended to respond with less pronounced cortisol in- 
creases; however, the difference between both groups (11.0 
vs. 15.6 nM/1) did not reach statistical significance and no 
main effect was found (F < 1). Likewise, no significant dif- 
ferences could be observed after ergometry (F  < 1). As indi- 
cated above, significant time effects were observed under all 
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FIG. 1. Cortisol levels in saliva (A) and heart rates (B) following 
corticotropin-releasing hormore (CRH) injection, psychological 
stress, bicycle ergometry until exhaustion, and placebo administration 
in 20 male volunteers (means + SE). 

three stimulations (F values 20.8, 25.9, and 3.8, respectively; 
all p < 0.01). It should be noted that baseline cortisol levels 
were not statistically different between smokers and nonsmok- 
ers in any test (t-values 1.6, 0.4, 0.5, and 0.4, respectively; all 
p > 0.05). 

DISCUSSION 

The present article provides preliminary evidence for atten- 
uated cortisol responses in habitual smokers compared to age- 
and weight-matched nonsmokers. While a trend toward 
smaller responses was observed following CRH adminis- 
tration, cortisol levels following psychological stress were sig- 
nificantly lower in smokers than in nonsmokers. Recently, 
Tersman and coworkers (21) invest igated-among other mea- 
sures-cort isol  levels in 15 smokers and 15 nonsmokers fol- 
lowing mental arithmetic as a psychological stressor. In con- 

trast to our findings, they did not observe different cortisol 
levels in these groups. However, they only obtained one post- 
stress sample at + 15 rain without a baseline measure. Thus, 
they may have missed the peak cortisol responses in their sub- 
jects because we observed the highest mean cortisol levels 30 
rain after stimulation onset. Moreover, Tersman et ai. studied 
male and female subjects simultaneously and did not take into 
account the possible interaction of  smoking and gender with 
respect to cortisol levels after psychological stress. In fact, in 
a series of  studies we found consistently lower cortisol stress 
responses in females compared to males (8b). 

Given that smokers show less psychoendocrine reactions to 
psychological stress, one could argue that this merely reflects 
differences in personality traits and/or  coping capacities 
rather than differences in physiological reactivity. In fact, 
data from several studies appear to support this view because 
personality differences between smokers and nonsmokers 
have been reported (19,23,26). However, employing the same 
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FIG. 2. Salivary cortisol levels following psychological stress (A) and 
after corticotropin-releasing hormone (CRH) administration (B) in 
smokers (n = 10) and nonsmokers (n = 10; means + SE). 
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stress model as described in the present article we were unable 
to detect significant correlations between cortisol levels and 
personality traits in two independent studies (8a). 

The small sample investigated in the present study does not 
allow to infer from our data that frequent intermittent nico- 
tine consumption may lead to a lower responsiveness of  the 
HPA system as measured by free cortisol concentration in 
saliva. Although we observed smaller increases after pharma- 
cological stimulation in smokers, the variability of responses 
to CRH was too high to reveal statistically significant differ- 
ences. However, both the direction and magnitude of  response 
differences observed in this study support findings from 
Sellini and coworkers, who reported on attenuated cortisol 
responses in habitual smokers after lysin-8-vasopressin stimu- 
lation (17). If  nicotine exposure is able to alter the responsive- 
ness of the adrenal cortex, the duration of  smoking becomes 
an important variable to control. The individuals investigated 
in the present study were rather young and it can be speculated 
that in subjects who already smoked for decades the profiles 
of cortisol responses might diverge more profoundly between 
smokers and nonsmokers. The mechanisms mediating this ef- 
fect need to be elucidated. Changes in the glucocorticoid re- 
ceptor level could be responsible for differences in release and 
feedback action of  cortisol following stimulation. As a conse- 
quence, smokers may show differences in hypothalamic CRH, 
vasopressin, and subsequent ACTH release compared to non- 
smokers. Results from a recent study by Heuser et al. (5) are in 
agreement with our hypothesis that a frequent and prolonged 
stimulation of  the HPA axis can lead to an altered responsive- 

ness of the system. However, in contrast to the present find- 
ings Heuser and coworkers observed enhanced cortisol secre- 
tion following a combined dexamethasone/CRH test in 
elderly endurance runners. The reason for the contradictory 
findings is unknown. It may be suspected that different endo- 
crine and/or neural mediators are involved in long-term alter- 
ation of  HPA functioning after repeated physical stress and 
habitual smoking, respectively. Regardless of  the mechanisms 
mediating nicotine-induced alteration of  HPA responsiveness, 
our data suggest that habitual smoking should be considered 
an intervening variable for cortisol responses to psychological 
stress. In concert with other variables, smoking may account 
for some of the interindividual variability in adrenocortical 
activity observed in humans. Besides elucidating possible 
mechanisms leading to lowered HPA responsiveness, future 
research should also investigate the impact of  cortisol on nico- 
tine sensitivity. Recent experiments in rodents suggest that 
corticosteroids released in response to nicotine exposure may 
prevent the organism from potential physiological and behav- 
ioral consequences of nicotine (13). 

ACKNOWLEDGEMENTS 

This work has been supported by a grant from the Forschungsrat 
Rauchen und Gesundheit, Bonn, Germany. The authors thank Prof. 
Dr. Hellhammer (Trier) for support of the project. Further, the au- 
thors are indebted to Dr. Scherer (Mrinchen) for valuable discussion 
and to H. Gabriel, I. Rummel-Frrihauf, S. Wrist, M. D6rr, and J. 
Buchtal for excellent technical assistance. 

REFERENCES 

I. Cinciripini, P. M.; Benedict, C. E.; Van Vunakis, H.; Mace, R.; 
Lapitsky, L.; Kitchens, K.; Nezami, E.; Gjika, H. B. The effects 
of smoking on the mood, cardiovascular and adrenergic reactivity 
of heavy and light smokers in a nonstressful environment. Biol. 
Psychol. 29:273-289; 1989. 

2. Dressend6rfer, R.; Kirschbaum, C.; Wood, W. G.; Strasburger, 
C. J. Flexible end-point determination in a salivary cortisol assay 
using a cortisol-biotin conjugate as tracer. J. Clin. Chem. Clin. 
Biochem. 28:653; 1991. 

3. Fuxe, K.; Andersson, K.; Eneroth, P.; Harfstrand, A.; Aguati, 
L. F. Neuroendocrine actions of nicotine and of exposure to ciga- 
rette smoke: Medical implications. Psychoneuroendocrinology 
14:19-41; 1989. 

4. Hellhammer, D. H.; Kirschbaum, C.; Belkien, L. Measurement 
of salivary cortisol under psychological stimulation. In: Hingt- 
gen, J. N.; Hellhammer, D. H.; Huppmann, G.,  eds. Advanced 
methods in psychobiology. Toronto, Ontario: Hogrefe; 1987: 
281-289. 

5. Heuser, I. J. E.; Wark, H.-J.; Keul, J.; Holsboer, F. Hypothala- 
mic-pituitary-adrenal axis function in elderly endurance athletes. 
J. Clin. Endocrinol. Metab. 73:485-488; 1991. 

6. Hill, P.; Wynder, E. L. Smoking and cardiovascular disease. 
Effect of nicotine on the serum epinephrine and corticoids. Am. 
Heart J. 87:491-496; 1974. 

7. H6kfelt, B. The effect of smoking on the production of adrenocorti- 
coid hormones. Acta Med. Scand. 369(suppl.):123-124; 1961. 

8a. Kirschbaum, C.; Bartussek, D.; Strasburger, C. J. Cortisol re- 
sponses to psychological stress and correlations with personality 
traits. Personality Individ. Diff. (in press). 

8b. Kirschbanm, C.; Wrist, S.; Hellhammer, D. H. Consistent sex 
differences in cortisol responses to psychological stress. Psycho- 
som. Med. 54:648-657; 1992. 

9. Kirschbaum, C.; Hellhammer, D. H. Salivary cortisol in psycho- 
biological research: An overview. Neuropsychobiology 22:150- 
169; 1989. 

10. Kirschbaum, C.; Wrist, S.; Faig, H.-G.; Hellhammer, D. H. 
Heritability of cortisol responses to hCRH, ergometry, and 
psychological stress in humans. J. Clin. Endocrinol. Metab. 75: 
1526-1530; 1992. 

11. Kirschbaum, C.; Wrist, S.; Strasburger, C. J. "Normal" cigarette 
smoking increases free cortisol in habitual smokers. Life Sci. 50: 
435-442; 1992. 

12. Munck, A.; Guyre, P. M.; Holbrook, N. J. Physiological func- 
tions of glucocorticoids in stress and their relation to pharmaco- 
logical actions. Endocrinol. Rev. 5:25-44; 1984. 

13. Pauly, J. R.; Ullman, E. A.; Collins, A. C. Adrenocortical hor- 
mone regulation of nicotine sensitivity in mice. Physiol. Behav. 
44:109-116; 1988. 

14. Pomerlean, C. S.; Pomerlcau, O. F.; McPhee, K.; Morrell, E. 
M. Discordance of physiological and biochemical response to 
smoking and to psychological stress. Br. J. Addict. 85:1309-1316; 
1990. 

15. Pomerleau, O. F.; Rosecrans, J. Neuroregulatory effects of nico- 
tine. Psychoneuroendocrinology 14:407-423; 1989. 

16. Riad-Fahmy, D.; Read, (3. F.; Walker, R. F.; (3riffiths, K. Ste- 
roids in saliva for assessing endocrine function. Endocrinol. Rev. 
3:367-395; 1982. 

17. Sellini, M.; Baccarini, S.; Dimitriadis, E.; Sartori, M. P.; Letizia, 
C. Effect of smoking on the hypophyseo-adrenal axis. Med. Fire- 
nze. 9:194-196; 1989. 

18. Seyler, L. E. J.; Fertig, J.; Pomerleau, (3.; Hunt, D.; Parker, K. 
The effects of smoking on ACTH and cortisol secretion. Life Sci. 
34:57-65; 1984. 

19. Sijuwola, O. A. Dimensions of personality and smoking behav- 
iour. Aft. J. Med. Medical Sci. 18:105-108; 1989. 

20. Sternberg, E. M.; Hill, J. M.; Chrousos, (3. P.; Kamilaris, T.; 
Listwak, S. J.; Gold, P. W.; Wilder, R. L. Inflammatory media- 
tor-induced hypothalamic-pituitary-adrenal axis activation is de- 
fective in streptococcal cell wall arthritis-susceptible Lewis rats. 
Proc. Natl. Acad. Sci. USA 86:2374-2378; 1989. 



C O R T I S O L  R E S P O N S E S  IN SMOKERS 531 

21. Tersman, Z.; Collings, A.; Eneroth, P. Cardiovascular responses 
to psychological and physiological stressors during the menstrual 
cycle. Psychosom. Med. 53:185-197; 1991. 

22. Vining, R. F.; McGinley, R. A. Hormones in saliva. Crit. Rev. 
Clin. Lab. Sci. 23:95-146; 1986. 

23. Wijatkowski, S.; Forgays, D. G.; Wrzesniewski, K.; Gorski, T. 
Smoking behavior and personality characteristics in Polish ado- 
lescents. Int. J. Addict. 25:363-373; 1990. 

24. Wilkins, J. N.; Carlson, H. E.; Van Vunakis, H.; Hill, M. A.; 

Gritz, E.; Jarvik, M. E. Nicotine from cigarette smoking in- 
creases circulating levels of cortisol, growth hormone, and prolac- 
tin in male chronic smokers. Psychopharmacology (Berl.) 78:305- 
308; 1982. 

25. Winternitz, W. W.; Quillen, D. Acute hormonal response to ciga- 
rette smoking. J. Clin. Pharmacol. 17:389-397; 1977. 

26. Zuckerman, M.; Ball, S.; Black, J. Influences of sensation seek- 
ing, gender, risk appraisal, and situational motivation on smok- 
ing. Addict. Behav. 15:209-220; 1990. 


