the case subjects reported initiating smok-
ing prior to age 18. These women appeared
to be early initiators with higher prevalence
of characteristics associated with smoking;
the effect of their inclusion would be to
inflate the calculated odds ratios.

In summary, it appears that many fac-
tors influencing young adult women to begin
smoking are similar to those that influence
adolescents. Peers, particularly significant
others, appear to be an especially important
influence. Prevention efforts should target
women of lower educational attainment, us-

ing approaches that reduce the acceptability
of smoking in the social environment. Fur-
ther research is needed to develop salient
messages for young women at risk of be-
coming regular smokers. [J
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Introduction

Cigarette smoking has been associ-
ated with various documented and sus-
pected adverse reproductive outcomes,
including reduced sperm density and mo-
tility and increased abnormal morpholo-
gy.! The role of cigarette smoking with
respect to these effects is unclear. The
purpose of this study is (1) to document
the presence of cotinine, a metabolite of
nicotine and a marker of tobacco smoke
exposure, in the semen of male smokers;
(2) to correlate the amount of cigarette
smoke exposure, as determined by ques-
tionnaire, with cotinine concentrations in
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FIGURE 1—Scatter plot comparing the unlogged semen with the unlogged blood
cotinine concentrations (ng/mL).
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Note. Circles indicate specimens with repeated assays.
FIGURE 2—Scatter plot comparing the logged semen with the logged biood cotinine
concentrations (ng/mL).

semen, urine, and blood; and (3) to cor-
relate cotinine concentrations among the
three body fluids to determine whether co-
tinine levels in one fluid can serve as a
surrogate for levels in another. Cotinine,
with a half-life in various body fluids of 16
to 19 hours,? indicates cigarette smoke ex-
posure during the previous 2 to 3 days.
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Methods

Study Participants

Participants eligible for inclusion in
the study were healthy White men aged 18
to 35. Eighty-eight men (40 nonsmokers,
23 light smokers, and 25 heavy smokers)
were recruited into the study via newspa-

per advertisements between March and
October 1989. Participants provided se-
men, urine, and blood specimens (45 mL)
and completed a self-administered ques-
tionnaire describing their smoking habits
and demographic characteristics. Non-
smokers had not smoked 100 cigarettes in
their lifetime. Light smokers currently av-
eraged between 1 and 19 cigarettes per
day; heavy smokers, 20 or more Cigarettes
per day. All smokers had smoked ciga-
rettes for at least 1 year. Light smokers
and nonsmokers were selected based on
the age distribution of the heavy smokers
(18 to 21, 22 to 25, 26 to 29, 30+ years).

Specimen Collection and Storage

Urine and semen specimens were
collected into separate polypropylene
containers at the Reproductive Endocri-
nology/Fertility Laboratory at the Univer-
sity of North Carolina School of Medi-
cine. Semen specimens were collected via
masturbation after an abstinence period of
3 to 5 days. Trained laboratory personnel
drew blood specimens into clean, heparin-
ized tubes via venipuncture. Blood, urine,
and semen supernatants were stored at
~70 °C for future analyses.

Cotinine Analyses

One-milliliter samples of blood, urine,
and semen supernatant for each participant
were analyzed for cotinine via radioimmu-
noassay.3# The level of cross-reactivity of
the cotinine antibody used in the assay with
other nicotine metabolites, such as 3-hy-
droxycotinine, is believed to be essentialty
0% in blood and about 2% in urine (H. Van
Vunakis, personal communication, De-
cember 1992). There are no data with re-
spect to seminal fluid. Misclassification
that might result from cross-reactivity is
likely to be more significant at lower con-
centrations of cotinine than at higher ones.
The limit of detection of the radioimmuno-
assay for cotinine concentration was 0.8
ng/mL of fluid. For some samples, this in-
cludes a dilution factor. The laboratory
technician performing the cotinine analy-
ses was blind to smoking status and fluid
type. Semen specimens from two partici-
pants were not available for analysis, one
because of a laboratory accident (a non-
smoker) and one because the participant
did not produce enough specimen (a light
smoker). One-milliliter samples of urine
from each participant were also analyzed
for creatinine concentration.

Statistical Analyses

To assess the validity of the individ-
ual cotinine values, cotinine concentra-
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FIGURE 3—Distribution of cotinine concentrations (ng/mL), by smoking status and fluld: semen, urine, and blood.
tions for each fluid were plotted against  effects of outliers. Ninety-five percent Figures 3a to ¢ show the distribution

cotinine concentrations for each of the
other fluids. In Figure 1, this procedure is
illustrated with the plot of semen versus
blood cotinine concentrations. From the
plots it can be seen that the response vari-
ance increased with an increase in mean
cotinine concentration. Cotinine concen-
trations were then log transformed to pro-
duce a more nearly homogeneous vari-
ance. The fact that the distribution of
cotinine concentrations among partici-
pants was skewed provided an additional
reason to log the cotinine values.

When the logged cotinine concentra-
tions for each fluid were plotted against
the logged concentrations for each of the
other fluids, a linear relationship was ev-
ident. The increase in homogeneity of
variance for the comparisons of logged co-
tinine concentrations among the three flu-
ids is illustrated in Figure 2 with the plot of
semen versus blood. However, cotinine
values for five individuals did not seem to
fit this linear relationship. Laboratory as-
says on the specimens with the five seem-
ingly aberrant values (three urine speci-
mens and two blood specimens) were
repeated, with the result that four of the
five cotinine concentrations remained es-
sentially the same. (Two of the aberrant
data points appear in Figure 2.) Therefore,
the original laboratory values for the co-
tinine concentrations for all individuals
were retained in the analyses.

Median cotinine values were calcu-
lated by amount of smoke exposure. The
median was selected as the summary sta-
tistic because it is less susceptible to the

September 1993, Vol. 83, No. 9

confidence intervals for the median values
were calculated according to Dixon and
Massey.5 Chi-square approximation tests
were performed to determine whether dif-
ferences in median cotinine concentra-
tions by amount of smoke exposure were
statistically significant. Pearson correla-
tion coefficients were calculated to deter-
mine the correlation of cotinine concen-
trations among the three fluids. The value
0.8 was used in calculations for men
whose cotinine concentrations were be-
low the limits of detection of the assay.
Analyses involving urine cotinine mea-
surements were performed both with and
without corrections for creatinine concen-
tration to control for the effects of differ-
ential urine flow among participants.

Results

Non-, light, and heavy smokers were
similar in age, with heavy smokers (mean
age: 26.3 + 4.8 years) being slightly older,
on average, than light (23.2 + 3.7 years)
and nonsmokers (24.3 * 4.6 years).
Heavy smokers averaged 26.8 + 8.0 cig-
arettes per day while light smokers aver-
aged 10.8 + 4.9 cigarettes per day.

Results of the cotinine analyses
showed that, among the 48 smokers, detect-
able levels of cotinine were found in 100%
of urine and semen specimens and in 98%
of blood specimens. Cotinine levels were
highest in the urine. For each individual,
blood and semen cotinine levels were of
similar magnitude; urine cotinine levels
were an order of magnitude or more higher.

of cotinine concentrations by the amount
of smoke exposure in the three fluids. De-
spite the seemingly aberrant values, me-
dian cotinine concentrations in blood,
urine, and semen increased with an in-
crease in the amount of smoke exposure
(P <.0001) (Table 1). Removal of the five
aberrant values did not significantly affect
median cotinine values.

The correlation of cotinine concen-
trations among the three body fluids for
smokers was relatively high, ranging from
.63 to .66 unlogged and from .67 to .78
logged (Table 2). Among nonsmokers,
correlation coefficients comparing coti-
nine concentrations among the three fluids
were not statistically significant. The cor-
relation of cotinine concentrations with
the number of cigarettes smoked per day
among smokers was modest, with corre-
lation coefficients approximately equal to
.5 (Table 2).

The correlation coefficient for the log
of the urine cotinine concentration com-
pared with the log of the urine cotinine con-
centration divided by the creatinine con-
centration was .98. Because the correlation
coefficient was so high, it was felt that anal-
yses involving urine cotinine need not be
corrected for creatinine concentration.

Discussion

Detectable levels of cotinine, a me-
tabolite of nicotine, were found in the se-
men of healthy male smokers of reproduc-

tive age. Cotinine concentrations in semen
were of similar magnitude to cotinine con-
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TABLE 1-—Median Cotinine Concentrations (ng/mL), by Fluid and Number of
Cigarettes Smoked per Day
Median Cotinine
Fluid/Cigarettes No. Concentrations

Smoked per Day Subjects (ng/mb) 95% Ct P
Semen

0 cigareties 39" 08 0828

1-19 cigarettes 2 2207 616, 3816

20+ cigarettes 25 602.3 3224,9016 .0001
Urine

0 cigarettes 40 17.0 138,219

1-19 cigarettes 23 3516.1 1438.6, 4308.1

20+ cigarettes 25 71791 4369.6, 12073.6 0001
Blood

0 cigarettes 40 08 08,18

1-19 cigareties 23 1370 52.6,287.1

20+ cigarettes 25 4676 253.5,686.6 0001
Note. Nondetectable values were set at 0.8 ng/ml.
#Specimen missing owing io laboratory accident.
bSpecimen missing owing o insufficient specimen produced.

SRR e R R S R R R,
TABLE 2—Correlation Coefficlents for Logged and Unlogged Cotinine

Concentrations, by Body Fluid and Number of Cigarettes Smoked per
Day {Smokers Only)®
Semen Cotinine Urine Cotinine Blood Cotinine
Unlogged 1logged \Unlogged Logged Unlogged Logged
Semen, ng/mt 1 1
Urne, ng/ml. .66 (.0001) .67 (0001) 1 1
Blood, ng/mL. .63 (0001) .78 {0001) .65 (0001) .72 (.0001) 1 1
No. cigarettes
per day 53 (0001) 53 (.0001) .53 (0001) 40 (0044) .57 (0001) .47 (.0008)

“Smokers only {n =

Note. Row values are logged or unlogged as the colummn indicates; Pvalues are indicated in parentheses.

centrations in blood. Concentrations in
urine were an order of magnitude or more
higher than those in semen or blood. A
statistically significant increase in median
cotinine concentrations with an increase
in amount of smoke exposure was noted in
all three body fluids. The correlation of
cotinine concentrations among the three
fluids was high, with logged cotinine val-
ues showing greater predictive value than
unlogged values. Cotinine concentrations
increased with an increase in the number
of cigarettes smoked per day, although the
correlation between logged cotinine con-
centrations in the three fluids and the num-
ber of cigarettes smoked per day among
smokers was modest (r = .40 to .53).

We are not aware of other documen-
tation of the presence of cotinine in the
semen of men exposed to tobacco smoke.
Earlier studies have reported elevated
cotinine concentrations in urine as com-
pared with blood.s-7
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‘When cotinine concentrations among
the three fluids were compared for each
individual, five seemingly aberrant values
(three urine specimens and two blood
specimens) were noted. Repeated analy-
ses confirmed the cotinine concentrations
in these specimens. The reason for the
aberrant values is unknown, and conclu-
sions reached in this manuscript are not
altered by their presence or absence.

Logged cotinine concentrations were
used in these analyses to produce a measure
of concentration that was less skewed and
had a more nearly homogeneous variance.
There is some precedent in the literature for
using such values. Thompson et al.® recom-
mended using logged cotinine concentra-
tions in their study correlating blood and
urine cotinine concentrations in order to
make the distributions of cotinine concen-
trations in the two fluids more symmetrical.

Cotinine in this investigation serves
as a marker of tobacco smoke exposure.

The high concordance in cotinine concen-
trations across the three body fluids sup-
ports the use of any of these fluids as a
surrogate for cigarette smoke exposure in
the other fluids.

Smoking has been associated with
decreased sperm density and motility and
increased abnormal sperm morphology.!
How cigarette smoke affects semen qual-
ity is unclear. Although cotinine is not
known to be mutagenic, further research
is needed to determine whether poten-
tially harmful substances in tobacco
smoke reach the semen and have adverse
effects on sperm. O
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