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WARD, K. D., A. J. GARVEY, R. E. BLISS, D. SPARROW, J. B. YOUNG AND L. LANDSBERG. Changes in urinary 
catecholamine excretion after smoking cessation. PHARMACOL BIOCHEM BEHAV 40(4) 937-940, 1991.--Excretion levels of 
norepinephrine, epinephrine, and dopamine were assessed in 17 habitual cigarette smokers while smoking and periodically during 
30 days of abstinence to determine whether a pattern of transient change existed, suggestive of sympathetic nervous system (SNS) 
involvement in tobacco withdrawal. Excretion of all three catecholamines declined 1 day after abstinence but did not return to 
precessation levels during the rest of the follow-up period. The results suggest that postcessation declines in excretion may be 
permanent changes caused by loss of tobacco's agonist effects, rather than transient withdrawal phenomena resulting from SNS 
adaptation to the stimulatory effects of tobacco. 

Smoking cessation Catecholamines Tobacco Withdrawal 

SEVERAL physiological changes occur after cessation of ciga- 
rette smoking by habitual smokers (6,17), including an immedi- 
ate decline in urinary excretion of the catecholamines epinephrine 
and norepinephrine (1, 12, 19), indices of sympathetic nervous 
system (SNS) activity (2). It is unclear whether such declines in 
catecholamine excretion are permanent or transient abstinence 
effects (6). 

This issue has implications for understanding tobacco with- 
drawal effects. An initial drop in catecholamine excretion after 
smoking cessation without further change over time could repre- 
sent simply a return to a nonsmoking level of excretion due to 
loss of tobacco's agonist effects on the SNS. On the other hand, 
if excretion declines immediately after cessation and then returns 
toward baseline, this initial decline might represent a "rebound."  
Rebound refers to a temporary, homeostatic response opposite 
in direction to the agonist effect of a drug to which physiologi- 
cal adaptation has occurred. Such rebound effects are known to 
occur for several physiological parameters during withdrawal 
from narcotics and other drugs of dependence (7,11). 

Data concerning changes in catecholamine excretion after 

smoking cessation are scarce. We know of only three published 
studies that have used more than a single follow-up point to ex- 
amine postcessation catecholamine changes. Urinary excretion 
levels of norepinephrine and epinephrine have been reported to 
decline during 4 to 5 days of smoking cessation, with no evi- 
dence of a return toward precessation levels during these brief 
follow-up periods (1,12). A more recent study reported that epi- 
nephrine excretion decreased during 3 days of abstinence and 
then returned to precessation level by 10 days postcessatlon (19). 
Studies of postcessation changes in excretion of the catechola- 
mine dopamine are lacking. However, one study reported no 
change in dopamine excretion after 24 hours of abstinence (18). 
The present study attempted to clarify the pattern of change in 
catecholamine excretion after smoking cessation by following a 
group of habitual smokers during 30 days of abstinence. 

METHOD 

Subjects were recruited for a 1-year prospective study of 
physiological and behavioral changes among smokers who planned 

1Presented in part at the World Conference on Lung Health, May, 1990, Boston, MA. 
2Requests for reprints should be addressed to Kenneth D. Ward, Normative Aging Study (151A), Department of Veterans Affairs Outpatient Clinic, 

251 Causeway St., Boston, MA 02114. 
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to quit without formal treatment intervention. Smokers were en- 
rolled who planned to quit "cold-turkey" and who were at least 
18 years of age, smoked at least 5 cigarettes every day, were in 
good health and without history of adrenal, cardiovascular, or 
kidney disease, did not use medications other than mild analge- 
sics or oral contraceptives, and agreed not to use nicotine gum 
or other tobacco products to aid in cessation. 

Subjects provided a complete 24-hour urine collection on the 
day before their quit attempt (baseline) while smoking at their 
usual rate and pattern, on days 1, 3, 8, 15, 30, 45, and 60 post- 
Cessation, and monthly thereafter for the remainder of the year. 
Urine collection was discontinued if regular smoking was re- 
sumed. Urine was collected in 3-liter plastic containers with a 
preparation of hydrochloric acid, sodium metabisulfite, and min- 
eral oil added as a preservative. Urine specimens were refriger- 
ated after collection and were analyzed by high performance 
liquid chromatography with electrochemical detection according 
to the method of Smedes et al. (16) as modified by MacDonald 
and Lake (9), Intraassay coefficients of variation for urine sam- 
pies (corrected for recovery) are 4--6% for E, NE, and DA; in- 
terassay coefficients of variation are 6-7% for all three 
catecholamines. 

Smoking status was verified at each interview by expired 
carbon monoxide (CO) and salivary cotinine concentrations. 
Cut-offs for classification as abstinent were <8 ppm CO at day 
1 postcessation and beyond, and <15 ng/ml cotinine at day 8 
postcessation and beyond. CO was measured using an Ecolyzer 
Model 3000 (National Draeger Co., Pittsburgh, PA), and coti- 
nine was assayed by radioimmunoassay according to the method 
of Langone et al. (8). 

For the present study, catecholamine data were analyzed 
through day 30 postcessation for subjects abstinent continuously 
(i.e., no smoking whatsoever) throughout this follow-up period. 
One hundred twenty-six subjects made a quit attempt, and 18 
were abstinent continuously for 30 days. Complete catechola- 
mine data were available for 17 of these abstainers, of whom 4 
were women. These 17 abstainers had a mean age of 43.5 years 
(range 26--64 years) and had smoked for a mean of 27.6 years 
(SD = 12.7). Mean baseline smoking rate was 21.5 cigarettes/day 
(SD = 16.2) and mean estimated nicotine yield was 0.8 mg/ciga- 
rette (SD=0.4), based on U.S. government estimates (3). At 
baseline, mean expired CO was 24.2 ppm (SD = 11.8) and mean 
salivary cotinine concentration was 558.9 ng/mi (SD = 265.8). 

Excretion of each catecholamine was expressed as micro- 
grams per total 24-hour urine excretion. Across all assessment 
points (baseline, days 1, 3, 8, 15, and 30 postcessation), mean 
urine volume was 1540 ml (SD=65). Mean urine volumes at 
each assessment point did not differ significantly. 

Statistical analysis was guided by previous research suggest- 
ing that catecholamine excretion declines steeply within 24 hours 
of abstinence, levels off during the next few days (1,12), and 
returns toward precessation level within 10 days of abstinence 
(19). Two one-way analysis of variance models for repeated 
measures were tested for each catecholamine. One model com- 
pared mean excretion at baseline and day 1 postcessation; the 
second model compared excretion at days 1, 3, 8, 15, and 30 
postcessation. Next, linear contrasts for repeated measures were 
tested on excretion of each catecholamine at days 1, 3, 8, 15, 
and 30 to determine whether trends existed for excretion levels 
to return toward baseline level following the expected initial de- 
clines at day 1 postcessation. Analyses were conducted with the 
general linear model procedure of the SAS statistical software 
package (15). 

R E S U L T S  

All 17 subjects fulfilled criteria for biochemical validation of 
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FIG. 1. Urinary excretion of catecholamines (mean___ 1 SE; n= 17) be- 
fore and during 30 days of smoking abstinence. Upper panel: norepi- 
nephrine; middle panel: epinephrine; bottom panel: dopamine. 

abstinence. Mean CO levels at days 1, 3, 8, 15, and 30 were 
below 4 ppm. Mean cotinine concentrations at days 8, 15 and 
30 were below 4 ng/ml. 

Postcessation changes in catecholamine excretion are inus- 
trated in Fig. 1. Between baseline and day 1, excretion of nore- 
pinephrine, epinephrine, and dopamine declined by 7.9, 2.7, and 
47.2 Ixg, respectively. These declines were statistically signifi- 
cant (all p values <0.01). For all three catecholamines, the 
steepest postcessation decline, i.e., the magnitude of decline per 
unit of time, occurred between baseline and day 1. 

Norepinephrine excretion did not appear to change in any 
consistent pattern after day 1 (Fig. 1, top panel). From days 1 
through 30, mean NE excretion levels did not differ significantly 
from each other (p=0.84), and there was no significant linear 
trend (p =0.86). 

Epinephrine excretion levels remained constant at days 1 and 
3, decreased through day 15, reaching a level of 5.2 Ixg, and 
then rose slightly at day 30 (Fig. 1, middle panel). However, 
from day 1 through day 30, mean epinephrine excretion levels 
did not differ significantly from each other (p=0.29), and there 
was no significant linear trend (/7=0.31). A post hoc linear con- 
trast of epinephrine excretion from day 1 through day 15 was 
statistically significant, F(1,16) = 4.6, p = 0.05, indicating a trend 
for epinephrine to continue dropping through day 15. 

Dopamine excretion levels returned toward baseline between 
days 1 and 3, and then declined again, remaining below base- 
line during the rest of the follow-up period (Fig. 1, bottom pan- 
el). Mean dopamine excretion levels from day 1 through day 30 
differed from each other, F(4,64)=2.7, p=0.04,  likely due to 
the increase between days 1 and 3. There was no significant lin- 
ear trend in excretion levels from day 1 through day 30 (p= 
0.27). 
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It is possible that smokers with greater tobacco intake are 
more likely to exhibit rebound after cessation, due to increased 
physiological adaptation to nicotine. To examine this issue, the 
17 abstainers were divided according to median baseline smok- 
ing rate into "low intake" (--<15 cigarettes/day) and "high in- 
take" (>15 cigarettes/day) groups. The low intake group (n= 9) 
had a mean smoking rate of 11.6 cigarettes per day, whereas 
the high intake group (n = 8) had a mean rate of 32.6 cigarettes/ 
day. Baseline catecholamine levels did not differ significantly 
between the groups. 

For both groups, trends in excretion of the 3 catecholamines 
paralleled the trends observed for the entire sample of 17 sub- 
jects. Baseline to day 1 declines in excretion of norepinephrine, 
epinephrine, and dopamine were 6.5, 2.5, and 46.7 IJ, g, respec- 
tively for the low intake group, and 9.5, 3.0, and 47.7 ~g, re- 
spectively for the high intake group. For all 3 catecholamines, 
baseline to day 1 declines were significant in both groups 
(p<0.05 for all comparisons), but the declines did not differ be- 
tween the groups (p>0.48 for all comparisons). Excretion levels 
of each catecholamine at days 1, 3, 8, 15, and 30 did not vary 
significantly for either the low intake or high intake groups. 
Similar results emerged when the sample was divided by base- 
line carbon monoxide levels instead of smoking rate. Thus 
smokers with greater baseline tobacco intake were not more 
likely to show rebound in catecholamine excretion after smoking 
cessation. 

DISCUSSION 

Urinary excretion of all three catecholamines declined 24 
hours after smoking cessation and showed an overall trend to 
remain below the smoking level during the remainder of the 30- 
day follow-up period. Excretion of norepinephrine, epinephrine, 
and dopamine reflects different aspects of SNS functioning: uri- 
nary norepinephrine is derived mainly from sympathetic nerve 
terminals throughout the body, whereas urinary epinephrine is 
largely a product of hormonal release by the adrenal medulla. 
The source of urinary dopamine is not known with certainty (2). 
The consistency in the postcessation trends for excretion of the 
three catecholamines suggests that cigarette smoking has similar 
stimulatory effects at various levels of the SNS. 

The pattern of change in epinephrine excretion was of partic- 
ular interest because of previous evidence that epinephrine may 
return to precessation levels within 10 days of smoking absti- 
nence (19). In the present study, however, epinephrine excretion 
dropped steeply during the first day after cessation and did not 
rise above the day 1 level during the remainder of the 30-day 
follow-up period. The negative linear trend observed for epi- 
nephrine excretion between day 1 and day 15 suggests that epi- 
nephrine excretion may not stabilize for at least 15 days after 
smoking cessation. 

This study had several advantages over previous research that 
evaluated the effects of smoking cessation on catecholamine ex- 
cretion. Subjects in the present study were abstinent entirely 
from nicotine throughout the follow-up period, and abstinence 
was validated biochemicaUy. In previous studies subjects used 
nicotine gum (18,19) or did not abstain entirely from cigarettes 
(1,12), yet both of these factors may affect catecholamine ex- 
cretion. 

Other advantages of the present study were the availability of 
24-hour urine samples collected at multiple follow-up points and 
the evaluation of three indices of SNS activity. Previous studies 
collected single urine voids (1, 12, 18, 19), which may not pro- 
vide a reliable estimate of diurnal catecholamine excretion. One 
previous study found evidence of transient change in epineph- 
rine excretion (19), but did not evaluate change in norepineph- 
rine or dopamine. In addition, West et al. (19) found that 

epinephrine excretion appeared to return to baseline, but this 
trend was observed between only two follow-up points within 
10 days of abstinence. It is unclear whether this upward trend 
would be consistent during longer follow-up. We were able to 
avoid these limitations by examining three measures of SNS ac- 
tivity at multiple follow-up points during 30 days of abstinence. 

Our data revealed no evidence of rebound in catecholamine 
excretion after smoking cessation. Evidence that initial postces- 
sation declines in excretion involve an element of rebound, i.e., 
a temporary "overshoot" representing homeostatic adaptation to 
tobacco's agonist effects, would require that excretion levels re- 
turn toward baseline after an initial decline. It is possible that 
initial postcessation declines in catecholamine excretion do rep- 
resent rebound but that no subsequent return toward baseline was 
evident because the SNS requires longer than 30 days after ces- 
sation to regain normal functioning. However, in a subset of 
subjects abstinent for 90 days (n = 7; data not shown), we found 
no evidence that excretion of any catecholamine returned toward 
baseline during this longer follow-up period. 

Consistent with previous studies of smoking cessation by un- 
aided quitters [e.g., Marlatt et al. (10)], only 14% of subjects in 
this study maintained continuous abstinence during the 30-day 
follow-up period. It is possible that rebound in catecholamine 
excretion did not occur because subjects able to maintain absti- 
nence for 30 days may have been less dependent smokers who 
exhibited little physiological adaptation to tobacco. Against this 
possibility, however, is that abstainers were not particularly low 
on dependence, based on duration of smoking (mean=27.6 
years) or tobacco intake (mean baseline smoking rate = 21.5 cig- 
arettes/day, and mean estimated nicotine yield = 0.8 mg/day). In 
addition, when these 17 abstainers were split into high and low 
tobacco intake groups, based on baseline smoking rate and car- 
bon monoxide levels, there was no evidence that smokers with 
higher baseline tobacco intake were more likely to exhibit re- 
bound. Thus the absence of rebound in catecholamine excretion 
is not likely due to a selection bias of including less dependent 
smokers. 

A limitation of this study is the lack of a control group of 
smokers not undergoing abstinence. We are unable, therefore, 
to say definitively that the changes observed in catecholamine 
excretion are due to smoking cessation. However, the changes 
observed early after cessation are consistent with previous stud- 
ies which have employed control groups. West et al. (19) and 
Myrsten et al. (12) reported declines in catecholamine excretion 
immediately after cessation, but no such changes in smokers not 
undergoing abstinence. Using a cross-over design, Elgerot et al. 
(1) found that catecholamine excretion declined when smokers 
were abstinent, but not during smoking. The consistency in ex- 
cretion patterns by smoking status in these published studies 
strongly suggests that the declines in catecholamine excretion 
observed in the present study resulted from smoking cessation. 

The sustained decrease in catecholamine excretion after smok- 
ing cessation suggests that the SNS was tonically stimulated by 
cigarette smoking. This decrease in SNS activity may contribute 
to the reduction in metabolic rate noted in smokers during absti- 
nence (4,5) and, therefore, predispose to weight gain. The de- 
crease in SNS activity after smoking cessation may also contribute 
to the reduction in cardiovascular risk noted in smokers who quit 
(13,14). 

In conclusion, these data indicate that initial postcessation 
declines in catecholamine excretion are sustained for at least 30 
days of abstinence. The absence of a return toward baseline for 
any of the catecholamines suggests that initial declines in excre- 
tion represent loss of the agonist effects of tobacco rather than 
transient homeostatic rebounds caused by SNS adaptation to 
chronic tobacco intake. 
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