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Objective: Smoking has been reported to harm nearly every organ of the body, but conflicting results have been reported regarding the ef-
fects of smoking on assisted conception. In this prospective cohort study, we aimed to investigate the prevalence of positive urinary cotinine
tests in infertile couples and whether cotinine positivity was associated with infertility treatment outcomes.

Methods: A qualitative urinary cotinine test was administered to 127 couples who underwent in vitro fertilization (IVF, n=92) or intrauterine
insemination (IUl, n=35).

Results: The overall prevalence of positive urinary cotinine test was 43.3% (55/127) in the male partners and 10.2% (13/127) in the female
partners with similar prevalence rates in both genders in the Ul and IVF groups. Semen characteristics, serum markers of ovarian reserve, and
number of retrieved oocytes were comparable among cotinine-positive and cotinine-negative men or women (with the exception of sperm
count, which was higher among cotinine-positive men). The results of urinary cotinine tests in infertile couples were not associated with IVF
and IUl outcomes.

Conclusion: The presence of cotinine in the system, as indicated by a positive urinary cotinine test, was not associated with poorer outcomes

of infertility treatment.
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Introduction

Smoking has been reported to harm nearly every organ of the
body and has been found to impair natural and assisted fecundity [1-
3]. In women, smoking is associated with decreased rates of fertiliza-
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tion and pregnancy [4-7], and has been found to reduce natural and
in vitro fertilization (IVF) conception rate by up to approximately 34%
to 46% [1,3,8]. However, some studies have reported smoking in
women had no detrimental effect on fertilization and IVF pregnancy
rates [3,9,10].

In male smokers, smoking has been demonstrated to result in re-
duction in multiple sperm parameters has been demonstrated [3,11-
13] but other studies found smoking to have no harmful effects on
fertility [14,15]. Male smoking status was not found to affect preg-
nancy rates in IVF cycles [3] and a recent report also demonstrated
that smoking, as measured by seminal plasma cotinine, was not as-
sociated with detrimental effects on IVF outcomes [16]. Overall, the
effects of smoking on assisted conception have not been securely
established, and many conflicting results have been reported.

The Korea National Health and Nutrition Examination Survey
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(KNHANES) conducted from 2007 to 2009 found that the overall
prevalence of smoking in Korea was still relatively high, at 47.4% in
men and 6.8% in women [17]. However, self-reported smoking has
been suggested to be an unreliable metric [18,19]. Female smokers
may experience considerable social and medical pressure to quit
smoking and it is especially likely for women who smoke not to re-
port their smoking status accurately. Thus, a more objective method
for assessing smoking status determination is necessary. Several such
metrics have been validated, of which the measurement of cotinine,
a nicotine metabolite, is the most widely used [20].

No previous reports have evaluated the prevalence of smoking in
infertile couples in Korea and its effect on the outcomes of infertility
treatment. This study aimed to investigate the prevalence of positive
urinary cotinine tests in infertile couples and to determine whether
smoking, as measured by cotinine positivity, affected infertility treat-
ment outcomes.

Methods

In the present study, qualitative urinary cotinine test was used as an
objective measurement of smoking status, regardless of self-report-
ed past, current or passive smoking. Urinary cotinine was tested in
127 couples who underwent IVF (n=92) or intrauterine insemination
(IUI) (n=35) between 2012 and 2014. A qualitative urinary cotinine
test (positive or negative) was performed with a commercial kit
(Nico-Find; Humasis, Anyang, Korea) on the day of oocyte retrieval or
on the day of IUI. The cutoff concentration of urinary cotinine kit for a
positive result was 200 ng/mL, and the sensitivity and specificity of
the urinary cotinine test kit were 100% and 94%, respectively. Only
one IVF or IUl cycle per couple was included and the clinical out-
comes of each couple were prospectively followed.

In female participants, body mass index, and basal serum levels of
follicle-stimulating hormone (FSH) and anti-Mdillerian hormone
(AMH) were analyzed in the present study if they were measured
within 3 months of the artificial conception cycle. Ovarian stimulation
for IVF was started on the second or third day of the cycle, using re-
combinant FSH (Gonal-F, Serono, Geneva, Switzerland) with or with-
out highly purified human menopausal gonadotropin (hMG) (Meno-
pur, Ferring, Malmo, Sweden). Pituitary suppression was performed
using a gonadotropin-releasing hormone (GnRH) agonist (Decapeptyl
0.1 mg/day; Ferring) or antagonist (Cetrotide 0.25 mg/day; Serono).
Ovulation was triggered by recombinant human chorionic gonado-
tropin (hCG) (Ovidrel, Serono) when either the leading follicle reached
a mean diameter of 18 mm or two or more follicles reached a diame-
ter of 17 mm. Oocytes were retrieved under transvaginal ultrasound
guidance 34 to 36 hours after the administration of recombinant hCG.
Other IVF procedures were performed as described elsewhere [21].
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After fertilization, all embryos were evaluated for cell number, de-
gree of fragmentation, and cell size. Three days after oocyte retrieval,
embryos were classified from grade A to D with grade A embryos
considered to be high-quality. The embryos were selected for trans-
fer using standard laboratory procedures, according to embryo mor-
phology on day 3 or blastocyst morphology on day 5. Blastocysts
were evaluated based on the number of evenly sized cells, the
amount of visible inner cell mass and the presence of a continuous
trophectoderm with sufficient cells. Up to three embryos were trans-
ferred 3 days after oocyte retrieval or up to two blastocysts were
transferred 5 days after oocyte retrieval. The luteal phase was sup-
ported with 50 mg of intramuscular progesterone in oil (Progester-
one, Genefer, Seoul, Korea) daily, starting on the day of oocyte re-
trieval. If an intrauterine pregnancy was identified, progesterone was
continued for another 5 weeks. Pregnancy was first assessed by se-
rum B-hCG 14 days after oocyte retrieval and a clinical pregnancy
was defined as the presence of visible fetal cardiac activity.

The 1Ul was performed according to previously published methods
[22]. Ovarian stimulation was performed by recombinant FSH alone,
clomiphene with recombinant FSH, or a natural cycle. Semen was col-
lected by masturbation at the time of Ul or oocyte retrieval and evalu-
ated by using computer-assisted semen analysis (SAIS-Plus 10.1,
Medical Supply Co., Wonju, Korea) within 1 hour of collection. The fol-
lowing semen parameters were evaluated: volume (mL), sperm con-
centration (10%/mL), motility (% progressive), and total motile sperm
count (volume X sperm concentration X percent of motility/100).
Sperm morphology was assessed using strict criteria. Sperm DNA
fragmentation was measured using terminal deoxynucleotidyl trans-
ferase-mediated dUDP nick-end labelling (TUNEL) method [23].

All statistical analyses were performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA). All data were presented as mean + standard
deviation. The chi-square test was used to compare frequencies but
Fisher’s exact test was applied if the expected cell number was less
than five. The Mann-Whitney U test was used to compare mean val-
ues between two groups, while the Kruskal-Wallis test was used to
compare mean values among three groups. Pearson correlation co-
efficient was used to evaluate the extent to which the smoking sta-
tus of one partner in a couple was correlated that of the other part-
ner. Two-tailed p-values < 0.05 were considered to indicate statistical
significance.

All participants provided written informed consent, and the Institu-
tional Review Board of Seoul National University Bundang Hospital
approved the study protocol (IRB no. B-1210-176-002).

Results

The overall prevalence of positive urinary cotinine test was much
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Table 1. The prevalence of positive urinary cotinine test according to
age and treatment modality

Clin Exp Reprod Med 2015;42(4):136-142

Table 3. Semen characteristics according to urinary cotinine positivi-
ty in all male participants

Parameters Male partner ~ Female partner p-value?
Cotinine (+) 43.3(55/127) 10.2(13/127) <0.001
Age (yn®
<29 33.3(1/3) 36.4(4/11) NS
30-39 45.7 (37/81) 74(7/94) <0.001
40-49 61.5(16/26) 9.1(2/22) <0.001
Treatment
IVF group 46.7 (43/92) 9.8(9/92) 0.047
IUl group 34.3(12/35) 11.4 (4/35) <0.001

Value are presented as percent (number).

NS, not significant; IVF, in vitro fertilization; IUl, intrauterine insemination.

By chi-square test or Fisher’s exact test; "One male partner was exclued due
to his age of 50 years old.

Table 2. The prevalence of urinary cotinine co-positivity in couples

Male partner

Female partner — - r-value p-value?
Positive ~ Negative

Posmv.e 10 3 0229 001

Negative 45 69

By Pearson’s correlation analysis.

higher in male participants (43.3%, 55/127) than in female partici-
pants (10.2%, 13/127) and this finding did not vary significantly
based on treatment method or age (Table 1). The highest prevalence
was observed in men between 40 and 50 years of age and women
between 20 and 30 years of age. The prevalence was similar in the IUIl
and IVF group: 34.3% (12/35) vs. 46.7% (43/92), respectively in the
male participants and 11.4% (4/35) vs. 9.8% (9/92), respectively in
the female participants.

Positive urinary cotinine tests in both male and female partners
were observed in 7.9% of all couples and in 54.3% of couples, both
partners had negative results. This tendency was statistically signifi-
cant (r=0.229, p=0.01) (Table 2). Table 3 presents semen character-
istics according to urinary cotinine positivity in all male participants.
With the exception of sperm count, no semen parameters showed
significant variance according to cotinine-positivity.

Among the female participants, cotinine-positive participants was
younger than cotinine-negative women (mean age, 32.4+5.3 years
vs. 35.1£4.6 years; p=0.026), but the causes of infertility, body mass
index (21.5+2.4 kg/m? vs. 22.3 + 3.7 kg/m?), basal level of serum FSH
(5.8+£1.21U/L vs. 6.4%3.1 IU/L) and AMH (3.4+2.9 ng/mL vs. 2.4+
2.0 ng/mL) of cotinine-positive women (n = 13) were comparable to
those of cotinine-negative women (n=114) (Table 4). In IVF cycles
(n=92), the number of cotinine-positive women was small (n=9),
but age, the cause of infertility, body mass index, and basal serum
FSH and AMH levels were similar among cotinine-positive and coti-

Parameters Cotinine (+)  Cotinine (-) pvalue?
(n=55) (n=72)

Age of male partner (yr) 37.7£4.0 37150 NS
Volume (mL) 28+1.1 33+14 NS
Count (10/mL) 163+114 145179 0.029
Motility (%) 544+16.5 484+17.2 NS
Total motile count (10°) 215+173 190+ 147 NS
Normal morphology (%) 105+59”  103+54" NS
DNA fragmentation (%) 164+1039 17.7+15.1Y NS

Values are presented as mean = standard deviation or number (%).
NS, not significant.
JBy Mann-Whitney U test; ’n=27; In=30.

nine-negative subjects. The number of oocytes retrieved was also
similar (8.9£5.5 vs. 7.3 +7.2). Cycles with no mature oocyte were ab-
sent in cotinine-positive women but such cycles were noted in two
cotinine-negative women (data not shown). In 92 IVF cycles, a nega-
tive urinary cotinine test in both partners was observed in 49 cou-
ples. A positive test in the male partner but a negative test in the fe-
male partner was observed in 34 couples. In nine couples, both part-
ners had positive urinary cotinine tests. No couples were observed in
which the male partner had a negative result and the female partner
had a positive result. In Table 4, IVF outcomes according to cotinine
test results are presented and no parameters were found to vary sig-
nificantly depending on cotinine co-positivity status.

In 35 IUI cycles, both partners had a negative urinary cotinine test
in 20 couples, and 11 male-positive couples were identified (Table 5).
Male-negative and female-positive results were observed in three
couples and in one couple, both partners were positive. When 1UI
outcomes were compared between the both-negative and male-
positive/female-negative groups, no parameters were found to be
significant except the age of the female participants.

Discussion

In the present study, the prevalence of positive urinary test was
43.3% in male participants and 10.2% in female participants, which
is comparable to the smoking prevalence derived from the fourth
KNHANES, a nationwide representative survey conducted by the Ko-
rean Ministry of Health and Welfare from 2007 to 2009 (42.1% and
7.3% in reproductive-age men and women, respectively) [17,24].
Smoking rates still appear to be relatively high despite recent cam-
paigns to reduce smoking in Korea.

Since cigarette smoke contains well-known harmful substances,
concerns have been raised about the potential adverse effects of
smoking on male fertility [25]. Although several studies have report-
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Table 4. In vitro fertilization outcomes according to cotinine positivity in male and female partner

CERM B

Male (-)/female (- Male (+)/female (- Male (+)/female (+
Parameters ((n)/=49) ) ((n)L 34) ) ( (r)1/= 9) )
Cause of infertility
Unexplained 28(57.1) 18(52.9) 2(11.1)
Tubal 3(6.1) 6(17.6) 4(44.4)
Male 4(82) 3(838) 0
Endometriosis 6(12.2) 4(11.8) 2(222)
Others 8(16.3) 3(8.8) 1(11.1)
Age of male partner (yr) 381438 384+38 357x47
Sperm
Volume (mL) 33+15 28+1.1 29+09
Concentration (10%/mL) 165+217 198+133 161+84
Motility (%) 476+179 51.8+189 60.8+10.4
Total motile sperm count (10°) 190+ 149 2544212 240+79
Normal morphology (%) 103+5.4% 106+5.8 10.2+6.59
DNA fragmentation (%) 17.7+15.1? 183+10.7Y 11.0+7.39
Age of female partner (yr) 354146 364+44 333+6.0
Basal serum FSH (IU/L) 6.6+33 6.3+2.7 58+1.2
Random serum AMH (ng/mL) 26+22 21£20 36+28
Ovarian stimulation
Clomiphene+rFSH 1(2.0) 0 0
Clomiphene+rFSH+HP-hMG 1(2.0) 2(5.9) 0
rFSH alone 26(53.1) 18(52.9) 7(77.8)
rFSH+HP-hMG 21(42.9) 14(41.2) 2(22.2)
Pituitary suppression
GnRH agonist 3(6.1) 1(29) 0
GnRH antagonist 46(93.9) 33(97.1) 9(100)
No. of mature oocytes retrieved 70+7.1 79174 89+£55
Fertilization rate (%) 743+228 68.6+26.9 70.0+21.7
High quality embryos (grade A) (% [n]) 32.9(68/207) 34.8 (48/138) 42.2(19/45)
Cancelled embryo transfer 5(10.2) 3(8.8) 0
Cycles with embryo transfer
Day 3 35(79.5) 25(80.6) 5(55.6)
Day 5 9(20.5) 6(19.4) 4(44.4)
No. of embryo transferred 1.7+£06 2.1+06 2.1+09
Day 3 1.8+0.6 22+06 26+09
Day 5 1.6+0.5 1.7+£0.5 15+0.6
Clinical pregnancy rate per transfer (% [n]) 38.6 (17/44) 38.7(12/31) 444 (4/9)
Day 3 28.6(10/35) 32.0(8/25) 20.0(1/5)
Day 5 77.8(7/9) 66.7 (4/6) 75.0 (3/4)
Miscarriage 1(5.9) 3(25.0) 0
Ectopic pregnancy 1(2.3) 2(6.4) 1(11.1)

Values are presented as number (%) or mean + standard deviation unless otherwise indicated. No parameters were significantly different among the three

groups.

FSH, follicle-stimulating hormone; AMH, anti-Miillerian hormone; rFSH, recombinant FSH; HP-hMG, highly purified human menopausal gonadotropin; GnRH,

gonadotropin-releasing hormone.
In=30;"n=20;n=7.

ed a modest reduction in the semen parameters of smokers com-
pared to non-smokers, other studies have not demonstrated a reduc-
tion in male fertility associated with smoking [26-32]. Similarly, this
study found no significant differences in sperm characteristics de-
pending on the results of urinary cotinine test, and the concentration

www.eCERM.org

of sperm was in fact higher in cotinine-positive men than in cotinine-
men. The reasons for considerable discrepancies that exist among
studies are still unclear, although several methodological issues can
be suggested. Regarding the determination of sperm quality, consid-
erable variation might exist among different laboratories despite
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Table 5. Intrauterine insemination outcomes according to the coti-

nine positivity of men with cotinine-negative female partners

Male (-)/ Male (+)/
Parameters female (-) female(-)  p-value
(n=49) (n=34)
Cause of infertility NS
Unexplained 17 (85.0) 6 (54.5)
Tubal 1(5.0) 1(9.1)
Male 1(5.0) 1(9.1)
Endometriosis 0 1(9.1)
Others 1(5.0) 2(18.2)
Age of male partner (yr) 349+49 374+£35 NS
Sperm
Volume (mL) 34+12 26+14 NS
Concentration (10%/mL) 115+£103 107 £62 NS
Motility (%) 496+17.2 56.1+15.0 NS
Total motile sperm count 199+147 137+114 NS
(10°)
Age of female partner (yr) 31.8+35 35.6+4.2 0.009
Ovarian stimulation NS
Natural 2 0
rFSH 6 2
Clomiphene+rFSH 12 9
Clinical pregnancy 3(15.0) 1(9.1) NS
Miscarriage 0 0 -
Ectopic pregnancy 0 0 -

Values are presented as number (%) or mean + standard deviation.
NS, not significant; rFSH, recombinant follicle-stimulating hormone.

newly changed World Health Organization reference values for hu-
man semen characteristics [33]. Additionally, sperm quality can be
affected by local environmental elements, including stress, the
amount of nicotine in the tobacco that is consumed, and other life-
style factors. Additionally, men with erectile dysfunction which is as-
sociated with smoking might refuse to participate in such studies
and this potential selection bias could affect the results of the studies.

In the present study, we did not find any significant negative effects
of cigarette smoking, as documented by urinary cotinine on IVF out-
comes, which partially corresponds to the findings of a recent report
by Cinar et al. [16]. The fact that assisted reproduction technology
(ART) allows the opportunity to select high-quality embryos [10]
may explain why the outcomes of fertility treatment were similar in
smokers and non-smokers.

Additionally, the number of retrieved oocytes and serum levels of
ovarian reserve markers were similar among cotinine-positive and
cotinine-negative women indicating that the presence of cotinine
was not associated with diminished ovarian reserve. In the present
study, the rate of cotinine positivity was significantly higher in wom-
en younger than 30 years of age, and the detrimental effect of smok-
ing might have been counteracted by the higher fertility of the

Clin Exp Reprod Med 2015;42(4):136-142

younger participants. This is partially in accordance with reports that
have found that the harmful effect of smoking are more distinct in
elderly women undergoing ART treatment [2,14,34,35]. Moreover,
the Practice Committee of the American Society for Reproductive
Medicine has also stated that the effects of smoking and old age
might have a synergistic effect on the acceleration of oocyte deple-
tion [36]. Therefore, stratification according to age groups is needed
in further studies with larger study populations.

To the best of our knowledge, this is the first study to evaluate the
association between objectively determined smoking status and the
outcomes of fertility treatment in Korean population. Moreover, a
major strength of the present study is that urinary cotinine co-posi-
tivity in couple was assessed. Urinary cotinine was used as an objec-
tive indicator of smoking and the participants were not asked
whether they smoked. In a previous study performed in Korean pop-
ulation, the self-reported prevalence of smoking in men was 47.8%,
compared to a cotinine-verified smoking rate was 52.2%, whereas
among women, the self-reported smoking rate was 6.6%, while the
cotinine positivity rate was 14.5% [37]. Therefore, self-reported smok-
ing status may not agree with tests of biomarkers of tobacco use, and
this discrepancy may be larger in women because female smokers
are still stigmatized in Asian societies. The self-reported smoking
rates in other ethnic populations also underestimate the actual prev-
alence of cigarette smoking by up to 4% [38,39]. In this study, quali-
tative urinary cotinine results (positive or negative) were used to ob-
jectively assess participants’ smoking status meaning that it was not
possible to evaluate the relationship urinary cotinine levels with
smoking frequency, semen parameters, ovarian reserve, and the out-
comes of ART treatment.

Cotinine is the major metabolite of nicotine and 75% of nicotine is
converted to cotinine in human. Cotinine is easily detectable in body
fluids and is widely accepted as a biomarker of cigarette smoke ex-
posure due to its specificity and relatively long half-life in the body
(16 hours) compared to nicotine (2 hours) [40]. The urinary cotinine
kit used in this study had a cutoff value for a positive result of 200 ng/
mL and the sensitivity of this commercial kit was relatively high
(96%). Since the half-life of cotinine is approximately 16 hours [40], a
heavy smoker who abstains from tobacco for several days may dem-
onstrate an undetectable urinary cotinine level, leading to an inap-
propriate classification as cotinine-negative. Furthermore, less in-
tense and less frequent smokers can demonstrate urinary cotinine-
negativity; therefore, a highly sensitive test is needed to minimize
the misclassification of true smokers as nonsmokers. Recently, several
studies have found appropriate cotinine cutoff values to vary accord-
ing to race and ethnicity [40,41] and the optimal cutoff value for uri-
nary cotinine levels has been suggested to be 164 ng/mL in a study
of the Korean population [42].

http://dx.doi.org/10.5653/cerm.2015.42.4.136
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This study had some limitations. First, only urinary cotinine was
measured as a biomarker for smoking in the present study. In addi-
tion to cotinine, other alkaloids including anabasine and nornicotine
can be used as unique markers for smoking, however, these markers
do not reflect passive exposure to smoking. Moreover, cotinine has
been validated as a monitoring tool for smoking in numerous studies
[19,20,43]. Second, this study included a relatively small number of
participants undergoing ART. The small study population may have
decreased the power of the study, meaning that the findings of the
present study may have been due to chance and should be inter-
preted with caution. Thus, a much larger study population with age
stratification may be required to achieve sufficient statistical power
to adequately assess the relationship between smoking and ART
outcomes. Finally, light smokers may have been inappropriately clas-
sified in the present study because the concentration of urinary coti-
nine in light smokers or moderate passive smokers has been report-
ed to be lower than the threshold used in the present study [41].
Also, urinary cotinine test may demonstrate positive results in nico-
tine patch or gum users and may not reflect past smoking history. In
general, due to these considerations, urinary cotinine test is used
only for screening test in healthcare examination, not for medical
purposes. Gas chromatography is the preferable quantitative assay
for cotinine, and a questionnaire could potentially be considered as
an alternative to urinary cotinine test. However, questionnaires are
not objective and it is unlikely that all study participants would have
answered the questionnaire honestly. Urinary cotinine tests were
therefore used in the present study despite the fact that positive uri-
nary cotinine test do not correlate perfectly with smoking.

In conclusion, positive urinary cotinine test was not associated with
negative impact on infertility treatment outcomes. Further prospec-
tive studies are needed with larger populations in order to elucidate
the association between smoking and infertility.
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