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Abstract

Introduction: Previous studies suggest female smoking increases time-to-pregnancy (TTP), a cou-
ple-dependent reproductive outcome, while associations with male smoking are more ambiguous.
Furthermore, despite small increases in smokeless tobacco use in the United States, no prior study
has evaluated TTP among smokeless tobacco users.

Methods: Using population-based sampling in 16 counties in Michigan and Texas, 501 couples
discontinuing contraception to become pregnant were followed until positive pregnancy test or
12 months of trying. Participants were interviewed on lifetime and current cigarette, cigar, and
chew/snuff (smokeless) use and provided blood samples for quantification of heavy metals and
cotinine. Fecundability odds ratios (FORs) and 95% confidence intervals (95% Cls) were estimated,
adjusted for demographics/lifestyle. FORs less than 1 reflect longer TTP.

Results: Eleven percentage of females and 15% of males smoked cigarettes. Among men, 14%
smoked cigars, 9% used snuff, and 2% used chew. Compared with never tobacco users, male (FOR:
0.41, 95% CI: 0.24, 0.68) and female (FOR: 0.53, 95% CI: 0.33, 0.85) smoking were individually asso-
ciated with longer TTP; males’ smoking remained significant (FOR: 0.46, 95% CI: 0.27, 0.79) when
modeling partners together. Cadmium levels were higher in smokers than smokeless tobacco and
never users; adjusting for cadmium attenuated the cigarette-TTP association, particularly among
women. TTP was shorter among smokeless tobacco users relative to smokers (FOR: 2.86, 95% CI:
1.47,5.57).

Conclusions: Compared with never users, smokeless tobacco did not alter TTP in our cohort; how-
ever, TTP was shorter compared with smokers. We observed longer TTP in male and female smok-
ers; cadmium may partially contribute.

Implications: Both partners’ preconception smoking contributed to longer TTP, highlighting the
importance of both partners’ lifestyles in healthy reproduction and underscores the need for
couple-based preconception guidance. The male’s contribution is a new finding. Higher cadmium
levels may partially contribute to longer TTP in smokers, particularly among females. Though we
do not observe longer TTP among a small sample of smokeless tobacco users compared with
never tobacco users, we observe shorter TTP compared with smokers. Further work is needed to
more thoroughly delineate the relationship between smokeless tobacco use andTTP and possible
mechanisms of tobacco use’s effects on reproduction.
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Introduction

Several types of tobacco products are available in the United States,
including cigarettes, cigars, pipe and waterpipe tobacco, chewing
tobacco, snuff, dip, and electronic cigarettes. The most recent avail-
able data from the United States show cigarettes are still the tobacco
product most often consumed ever (43%) and currently (17%)!
among adults, though smokeless tobacco, including chew/snuff/dip,
is the second most commonly used tobacco ever (14%) and currently
(3%).2 While small decreases in cigarette smoking have been noted
among working adults in the past decade, small increases in smoke-
less tobacco use have been observed, particularly among adults aged
18-44 years.’ In other parts of the world, smokeless tobacco use is
relatively more common and may be more common than smoking,
particularly among women.*’

Given the morbidity and mortality associated with cigarette
smoking, particularly lung cancer and respiratory diseases, some
researchers have touted smokeless tobacco as a harm reduction tool
for smokers who cannot cease nicotine use completely.® If smokers,
particularly those of reproductive age hopeful for future children,
are to be properly counseled about the risks and benefits of smoke-
less tobacco for harm reduction, then the reproductive toxicity of
smokeless tobacco needs to be disclosed. Unfortunately, there is a
dearth of epidemiological research on the reproductive harms of
smokeless tobacco particularly relative to cigarette use for which
smokeless tobacco would be substituted.

Reproductive toxicity can be assessed by several endpoints meas-
ured in males, females, and couples. Couple-mediated endpoints
provide the greatest insight into reproductive capacity as reproduc-
tive outcomes (eg, pregnancy, live birth) can be observed.” Time-
to-pregnancy (TTP), defined as the number of menstrual cycles or
months of unprotected intercourse required to achieve pregnancy,
is a sensitive couple-mediated endpoint for assessing reproductive
toxicity and has been used to evaluate both persistent® and short-
lived chemicals.”'® As TTP is couple-dependent, potentially toxic
exposures should be measured in both male and female partners to
potentially avoid erroneous conclusions based upon a single partner;
ideally, biological samples would be obtained from both partners
to measure toxicant concentrations (eg, blood metal concentrations)
associated with more readily measured behaviors (eg, self-reported
tobacco product use).?

Despite the need for couple-mediated endpoints in assessing
reproductive toxicity, the existing literature on reproductive (non-
obstetric) toxicity of smokeless tobacco comprises exclusively stud-
ies of semen quality, a male-specific endpoint. Most studies were
conducted among men attending infertility clinics in India where the
composition of chewing tobacco products is varied and largely dif-
ferent from the composition of chewing tobacco in Western coun-
tries. With that caveat, azoospermia (no sperm) is more common
in tobacco chewers than nonusers!' and more common in heavier
than lighter users.’> Compared with nonusers of tobacco, chewing
tobacco users in India'*'* and snuff users in Sweden' have lower
sperm count, concentration, motility, and normal morphology
among men secking infertility treatment. In contrast, among a volun-
tary sample of 242 male Swedish military conscripts, snuff use was
not associated with semen parameters or reproductive hormones.'®

We are unaware of any studies on the relationship between
smokeless tobacco use and TTP. Previous preconception cohort stud-
ies have evaluated the relationship between preconception cigarette
use and TTP. Maternal preconception smoking is associated with
longer TTP in most'’*2 but not all* studies. The relationship between

paternal preconception smoking and TTP is more ambiguous, with
one study reporting a nonsignificantly longer TTP,"” a second report-
ing a significantly shorter TTP,*® and two reporting no association
with TTP?** among male smokers compared with nonsmokers.
All of these studies used self-reported behavior; none were able to
compare chemical concentrations in self-reported exposed and unex-
posed individuals to elucidate possible biological mechanisms.
Given the knowledge gap regarding reproductive outcomes
associated with smokeless tobacco use and a need to further investi-
gate the relationship between paternal preconception smoking and
TTP, we assessed the relationship between couples’ preconception
tobacco use (smokeless and combustible) and prospectively observed
TTP. We also evaluated blood heavy metal and serum cotinine con-
centrations among various tobacco product users and nonusers to
determine if specific chemicals may contribute to changes in TTP.

Methods

Study Population

The purpose of the Longitudinal Investigation of Fertility and the
Environment (LIFE) Study was to examine the relationships between
lifestyle, including environmental chemicals, and human fecundity.
Using population-based sampling, 501 couples who were discon-
tinuing contraception for purposes of becoming pregnant in 16
counties in Michigan and Texas, 2005-2009, enrolled in the LIFE
Study. These geographic areas were chosen to ensure a range of envi-
ronmental exposures among study participants. Participants were
selected from marketing databases (Michigan) or state wildlife and
fish registry (Texas). Further details on the study design are provided
elsewhere.?* Following enrollment, couples were followed daily until
a positive home pregnancy test or 12 months of trying. To be inclu-
sive of the wide range of couples attempting pregnancy, only couples
in which at least one partner had been told they would require medi-
cal assistance to become pregnant were excluded. Inclusion criteria
were both partners spoke English or Spanish, were discontinuing
contraception to attempt pregnancy or were off contraception not
more than 2 months, male was aged 18 years and older, female was
aged 18-40 years, had menstrual cycle length of 21-42 days, and
had not received injectable contraception in the past year.

Exposure Ascertainment

At enrollment, each partner was administered a questionnaire by
trained study personnel on their lifetime and current use of sev-
eral tobacco products including cigarettes, cigars, snuff, and chew-
ing tobacco. Specifically, for cigarettes, participants were asked
if they had smoked more than 100 cigarettes (five packs) during
their lifetime. If yes, they were asked if they had smoked in the past
12 months, and if so, whether they smoked now. For other tobacco
products, participants were asked if they had smoked a pipe, smoked
cigars, used sniff, or used chewing tobacco at least 20 times. If yes,
for each product participants were asked if they currently used the
product. For the main analysis, we are interested in those partici-
pants who never used any tobacco product (never users) and those
who were currently using specific tobacco products regardless of
past use of other tobacco products. As very few women reported
using a tobacco product other than cigarettes at enrollment, women
are categorized as never users or current cigarette users (regardless
of intensity). Any women not meeting criteria for these categories
were assigned as “other” and their estimates are not reported due
to their exposure heterogeneity though the women were retained
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in models. For men, categories of current tobacco use (regardless
of intensity) include never users, exclusively using cigarettes, exclu-
sively using cigars, exclusively using smokeless tobacco (chew/snuff),
or using both cigarettes and smokeless tobacco at enrollment. Any
men not meeting criteria for these categories were assigned “other”
and their estimates are not reported due to their exposure heteroge-
neity though the men were retained in models.

Outcome Ascertainment

TTP was prospectively observed and measured in menstrual cycles.
At enrollment, women were provided with and instructed in the
use of the digital ClearBlue Easy fertility monitor, which measures
urinary estrone-3-glucuronide and luteinizing hormone to provide
visual prompts of high and peak fertility days to facilitate inter-
course timed to impending ovulation. On the first day of each cycle
(first day of menses), women pressed the “m” button on the monitor.
Women also recorded intensity of any vaginal bleeding in a daily
diary. Together, the data from the fertility monitor and the daily dia-
ries were used to define menstrual cycles used for determining TTP.>
Women were provided with highly sensitive (25 TU/L) home preg-
nancy tests” that provide digital readouts of “pregnant” and “not
pregnant” to ensure accuracy reading results?® and were instructed to
begin testing on the day of expected menses. A single positive preg-
nancy test denoted an human chorionic gonadotropin pregnancy.

Covariate Ascertainment

During the enrollment interview, each partner reported their age,
race/ethnicity, educational attainment, income, and alcohol and caf-
feine use. Height and weight were measured by study staff using a
standardized protocol for calculation of body mass index. Missing
data for demographic and lifestyle variables (7 = 28) were singly
imputed using the median or mode value for participants with the
same tobacco exposure. At enrollment, each partner provided a
blood specimen for quantification of blood metals (cadmium, lead)
and serum cotinine. Participants missing values for metal or cotinine
concentrations (7 = 28) had values multiply imputed.

Statistical Analysis

Descriptive analyses of participants’ characteristics by tobacco use
were evaluated using chi-square test for categorical and Kruskal-
Wallis test for continuous variables. Geometric means and 95% con-
fidence intervals (95% CIs) of chemicals and metals were computed
and compared across tobacco use types using nonparametric tests.

Cox proportional odds models for discrete survival data?”
accounting for left truncation (to account for time off contraception
before enrollment) and right censoring (to account for loss to follow-
up or end of study) were used to estimate fecundability odds ratios
(FORs), the relative odds of achieving pregnancy in a cycle condi-
tional on not becoming pregnant in the previous cycle, where FOR
less than 1 indicates a longer TTP.?® Robust standard errors were
used to estimate 95% Cls. Associations in which 95% CI exclude
1.00 are considered statistically significant.

For both partners, cigarette users were compared with never
users for each partner modeled separately and together. We first ran
models with each partner’s cigarette use modeled separately from the
other partner’s cigarette use (separate models) and then ran models
with both partners’ cigarette use modeled together, adjusting for the
other partner’s cigarette use (together models). For males only, mod-
els were also run for each tobacco type (cigarettes, cigars, smokeless,

cigarettes and smokeless) compared with never users. All models
were adjusted for confounders selected a priori and included demo-
graphic and lifestyle factors listed above. In models run for each
partner’s tobacco use, only confounding factors of the relevant part-
ner (male/female) were included while in models run with both part-
ners’ tobacco use, both partners’ confounding factors were included.
Due to concerns about collinearity with respect to partners’ ages,
the mean age of the partners and the difference of their ages were
included in models where both partners were modeled together.

Some heavy metals are commonly found in tobacco products as
metals are absorbed by the tobacco plant from the soil due to appli-
cation of agricultural pesticides or from polluted air or water.?**
Cadmium and lead, two heavy metals, are also associated with
longer TTP in the LIFE Study.’*> Thus, we hypothesized that these
metals may be partially responsible for any observed association
between tobacco use and TTP (potential mediators). Metals with sig-
nificantly different blood level concentrations across tobacco types
used were included as covariates in additional multivariable models
to determine if any observed relationship between tobacco use and
TTP was attenuated.

We also wanted to evaluate serum cotinine, a nicotine metabolite,
as a measure of nicotine exposure, rather than self-reported tobacco
use, to potentially better reflect the relationship between tobacco
use and TTP. Thus, we used various cotinine cutoffs’*3** as exposure
variables in sensitivity models. Effects from models using multiply
imputed values for metals or cotinine were estimated using Rubin’s
combining rules in SAS (PROC MIANALYZE).

Results

Lifetime tobacco use is common among couples attempting to con-
ceive. Specifically, among male partners, self-reported lifetime use
of tobacco products was 37% for cigarettes, 34% for cigars, 23%
for snuff, and 15% for chewing tobacco (Figure 1). Among female
partners, 27% reported lifetime cigarette and 2% reported lifetime
cigar use.

Tobacco use by both partners persisted into the beginning of the
pregnancy attempt with 15% of male and 11% of female partners
reporting any current cigarette use (Figure 1). Ten percentage and
11% of male and female partners, respectively, exclusively used ciga-
rettes. Among men who smoked, 44% had a female partner who
also smoked (Supplementary Table 1).

Substantial numbers of male partners used other combustible
and/or smokeless tobacco products at the start of the pregnancy
attempt (Figure 1). Among male partners, any and exclusive cigar
use was 14% and 9%, respectively, any and exclusive snuff use was
9% and 5%, respectively, and any and exclusive chewing tobacco
use was 2% and 1%, respectively. Two percent of males used ciga-
rettes along with snuff or chewing tobacco.

Significant differences by tobacco use at enrollment were noted
in male partners for education, income, alcohol use, and caffeine use
(Table 1) and in female partners for income, alcohol use, caffeine use,
age, and body mass index (Table 2).

Among male partners, serum cotinine concentrations were sig-
nificantly higher in cigarette smokers and smokeless tobacco users
than among never users, though not significantly different between
cigarette and smokeless tobacco users (Supplementary Table 2a).
While both cigarette and smokeless tobacco users had higher
lead concentrations than never users, the difference between male
tobacco users was not different. Cigarette users had significantly
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Figure 1. Prevalence of tobacco use among couples in the Longitudinal Investigation of Fertility and the Environment Study (n = 501).

Table 1. Characteristics Associated With Exclusive Enrollment Use and Never Use of Tobacco Products Among Males (n = 501)

Never used Cigarettes Cigars Snuff/chew Cigarettes + snuff/ Other pattern
(n =208) (n=48) (n =46) (n=28) chew (n=12) (n=159)
n (%)
Race/ethnicity
Non-Hispanic white 166 (80) 31 (65) (74) 25 (96) 11 (92) 127 (80)
Non-Hispanic black 12 (6) 4(8) (7) 0(0) 0 (0) 4(3)
Hispanic 15(7) 9(19) (11) 0 (0) 0(0) 16 (10)
Other 14 (7) 4(8) (9) 1(4) 1(8) 12 (8)
Education*
High school or below 6(3) 15 (31) 2(4) 4(15) 5(42) 12 (8)
Some college or above 199 (97) 33 (69) 44 (96) 22 (85) 7 (58) 147 (92)
Annual income*
<$50 000 29 (14) 18 (38) 2(4) 3(12) 2(17) 23 (14)
$50-100 000 96 (47) 20 (43) 25 (54) 13 (50) 7(58 76 (48)
>$100 000 80 (39) 9 (19) 19 (41) 10 (38) 3(25) 56 (35)
Alcohol use past year™
No® 48 (23) 4(8) (2) 3(11) 0 (0) 17 (11)
Yes, less than weekly 67 (32) 17 (35) 8 (17) 7 (25) 4 (33) 48 (30)
Yes, weekly or more 93 (45) 27 (56) 37 (80) 18 (64) 8 (67) 94 (59)
Caffeine use, daily™*
<4 cups 174 (84) 28 (58) 35(76) 19 (68) 3(25) 107 (67)
>4 cups 34 (16) 20 (42) 11 (24) 9 (32) 9(75) 52 (33)
Mean (SD)
Age at enrollment 31.1 (4.5) 32.6 (6.5) 31.8 (5.6) 32.6 (4.8) 32.9 (2.9) 32.2 (4.7)
BMI at enrollment 29.2 (5.6) 31.1 (5.6) 30.6 (5.2) 29.6 (4.1) 29.4 (4.9) 30.1 (5.9)

BMI = body mass index.
2Consumed less than 12 alcoholic drinks in the year prior to enrollment.

*P value less than .05 (chi-square test for categorical and Kruskal-Wallis test for continuous variables).

higher concentrations of blood cadmium than both never users and
smokeless tobacco users. Among female partners, cigarette smok-
ers had higher cotinine, lead, and cadmium levels than never users
(Supplementary Table 2b).

Among tobacco types used by male partners, in models adjusted
for demographics and lifestyle factors, only cigarette use was asso-
ciated with significantly longer TTP compared with never users

among male partners (adjusted FOR [aFOR]: 0.41, 95% CI: 0.24,
0.68; Table 3). After adjustment for cadmium, the result was slightly
attenuated (aFOR: 0.44, 95% CI: 0.24, 0.79; Table 4). For female
partners, use of cigarettes was also associated with significantly
longer TTP after adjustment for demographic and lifestyle factors
(aFOR: 0.53, 95% CI: 0.33, 0.85; Table 4) compared with never
tobacco users. This association was attenuated after adjusting for
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blood cadmium levels and was no longer significant (aFOR: 0.75,
95% CI: 0.42, 1.32; Table 4).

When both partners’ tobacco use were conditionally modeled
together, male smoking compared with never use was associated with
a significantly longer TTP (aFOR: 0.46, 95% CI: 0.27, 0.79) and
female smoking was associated with a nonsignificantly longer TTP
(aFOR: 0.63, 95% CI: 0.37, 1.05; Table 4). Results were attenuated
after adjustment for cadmium for both male (aFOR: 0.50, 95% CI:
0.27,0.91) and female (aFOR: 0.81, 95% CI: 0.44, 1.48) partners.

When we examined serum cotinine as an exposure vari-
able instead of self-reported tobacco use, the association between
female cotinine levels and TTP was stronger than for male cotinine

Table 2. Characteristics Associated With Exclusive Enrollment Use
and Never Use of Tobacco Products Among Females (n =501)

Never used  Cigarettes  Other pattern
(n = 357) (n = 55) (n = 89)
n (%)
Race/ethnicity
Non-Hispanic white 271 (76) 43 (78) 79 (89)
Non-Hispanic black 20 (6) 4(7) 0 (0)
Hispanic 41 (12) 5(9) 4(5)
Other 23 (6) 3(5) 5(6)
Education
High school or below 21 (6) 5(9) 1(1)
Some college or above 334 (94) 50 (91) 86 (97)
Annual income*
<$50 000 56 (16) 20 (36) 13 (15)
$50-100 000 162 (46) 23 (42) 49 (55)
>$100 000 132 (38) 12 (22) 24 (27)
Alcohol use past year®*
No 102 (29) 10 (18) 15 (17)
Yes, less than weekly 156 (44) 22 (40) 40 (45)
Yes, weekly or more 97 (27) 23 (42) 34 (38)
Caffeine use, daily™*
<4 cups 328 (92) 35(65) 80 (90)
>4 cups 28 (8) 19 (35) 8 (9)
Mean (SD)
Age at enrollment* 29.7 (4.2) 30.7 (3.9) 30.8 (3.9)
BMI at enrollment* 27.0 (7.1) 30.1 (8.1) 28.3 (7.4)

BMI = body mass index.

*Consumed less than 12 alcoholic drinks in the year prior to enrollment.

*P value less than .05 (chi-square test for categorical and Kruskal-Wallis test
for continuous variables).

levels whether partners’ levels were modeled separately or together
(Supplementary Table 3, a—c). Only female cotinine greater than
9 ng/mL modeled separately remained significant after adjusting for
demographic and lifestyle factors, and both male and female associa-
tions were further attenuated after additionally adjusting for blood
cadmium levels. In a post hoc analysis, we also examined the associ-
ation of cotinine levels and TTP among male cigarette and smokeless
tobacco users, separately. We found that cotinine was not associ-
ated with TTP among cigarette users; however, among smokeless
tobacco users, a cutoff above 10 ng/mL was associated with longer
TTP (aFOR: 0.09, 95% CI: 0.01, 0.95) though cutoff above 200 ng/
mL was not (aFOR: 0.54, 95% CI: 0.14, 2.08). A shorter TTP was
observed for smokeless tobacco users compared with cigarette users
(aFOR: 2.86, 95% CI: 1.47, 5.57). When restricting to those men
with cotinine levels greater than 10 ng/mL, a shorter TTP in smoke-
less tobacco compared with cigarette users remained (aFOR: 3.66,
95% CI: 1.60, 8.40).

Table 4. FORs for Exclusive Use of Cigarettes at Enroliment
Compared With NeverTobacco Use in Both Partners Modeled
Separately and Together (n=501)

Females Males
FOR 95% CI FOR 95% CI

Separately®

Unadjusted 0.44 0.28,0.70 0.35 0.21,0.56

Adjusted® 0.53 0.33,0.85 0.41 0.24,0.68

Adjusted® 0.75 0.42,1.32 0.44 0.24,0.79
Together?

Unadjusted 0.56 0.34,0.91 0.42 0.25,0.70

Adjusted® 0.63 0.37,1.05 0.46 0.27,0.79

Adjusted’ 0.81 0.44, 1.48 0.50 0.27,0.91

BMI = body mass index; CI = confidence interval; aFOR = adjusted fecund-
ability odds ratio.

2Each partner is modeled alone (eg, sex stratified).

"Adjusted for race/ethnicity, education, income, age, alcohol use, caffeine use,
BMI in each partner.

‘Adjusted for race/ethnicity, education, income, age, alcohol use, caffeine use,
BMI, blood cadmium in each partner.

dBoth partners are modeled together (eg, accounting for the other partner’s
tobacco use and sociodemographic characteristics).

cAdjusted for both partners’ race/ethnicity, education, income, alcohol use, caf-
feine use, BMI, couple’s mean age, difference in partners’ ages.

fAdjusted for both partners’ race/ethnicity, education, income, alcohol, caf-
feine, BMI, blood cadmium, couple’s mean age, difference in partners’ ages.

Table 3. FORs for Enroliment Determined Use Compared With Never Use of Tobacco Products Among Male and Female Partners (n = 501)?

FOR 95% CI aFORP 95% CI aFORe® 95% CI

Male partners

Cigarettes only 0.35 0.21,0.56 0.41 0.24,0.68 0.44 0.24,0.79

Cigars only 0.75 0.49,1.13 0.70 0.45,1.08 0.70 0.45,1.09

Snuff and/or chew only 1.09 0.67,1.79 1.17 0.70,1.95 1.17 0.70,1.95

Cigarettes and snuff/chew 0.73 0.32,1.67 0.76 0.32,1.82 0.79 0.32,1.96
Female partners

Cigarettes only 0.44 0.28,0.70 0.53 0.33,0.85 0.75 0.42,1.32

BMI = body mass index; CI = confidence interval; aFOR = adjusted fecundability odds ratio.

aModels are stratified by partner sex.

"Adjusted for race/ethnicity, education, income, age, alcohol use, caffeine use, BMI in each partner.

‘Adjusted for race/ethnicity, education, income, age, alcohol use, caffeine use, BMI, blood cadmium in each partner.
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Discussion

Among couples attempting pregnancy in the LIFE Study, 15% of
men and 11% of women smoked cigarettes and 11% of men used
smokeless tobacco alone or in combination with cigarettes. Smoking
prevalence in the LIFE Study was less than reported among recently
delivered mothers® and reproductive aged men,® but smokeless
tobacco use is greater.® To our knowledge, this is the first study to
investigate smokeless tobacco use and TTP. In our sample, we did
not observe longer TTP in couples where the male partner reported
using smokeless tobacco at the beginning of the pregnancy attempt
compared with never tobacco users. However, we observed shorter
TTP among smokeless tobacco users compared with smokers.

Among couples where one or both partners smoke, we observed
longer TTP in couples in which the female partner smoked when
partners were modeled separately, consistent with previous work.
A new finding is the longer observed TTP in couples in which the
male partner smoked. When modeled together and controlling for
the other partner’s tobacco use and demographic and lifestyle fac-
tors, male smoking is associated with a longer TTP.

When modeling serum cotinine as the exposure instead of self-
reported tobacco use, the association with longer TTP appears
stronger for female partners than for male partners. This likely
reflects the source of cotinine exposure in both partners. For women,
the main source of nicotine is from smoking cigarettes whereas the
source of nicotine exposure is more varied among men.

Nicotine is unlikely to be the culprit behind delayed pregnancy in
cigarette smokers as serum cotinine levels in male smokeless tobacco
users, who did not have longer TTP, were as high as or higher than
male cigarette smokers, who did have longer TTP, in this study.
When investigating the relationship between cotinine levels and
TTP among male cigarette and smokeless tobacco users, no relation-
ship is observed among cigarette users. Longer TTP is observed for
cotinine levels greater than 10ng/mL for smokeless tobacco users,
though this relationship does not persist at the highest cotinine levels
(>200 ng/mL). Furthermore, among cigarette and smokeless tobacco
users with cotinine levels greater than 10 ng/mL, smokeless tobacco
users had shorter TTP than cigarette users. Blood cadmium concen-
trations are significantly different between male smokeless tobacco
and cigarette users; cadmium levels are also significantly higher in
both female and male smokers than in never users. Adjusting for
blood cadmium attenuates the relationship between smoking and
TTP for females and males. This suggests that cadmium may be
responsible for some of the observed association between cigarette
smoking and longer TTP with greater attenuation of the association
observed in females.

Studies on cadmium levels among infertility seeking populations
show adverse effects on achieving pregnancy. Higher concentrations
of cadmium in semen were associated with fewer pregnancies after
infertility treatment,’ and higher blood cadmium concentrations
in women were associated with decreases in clinical and biochemi-
cal pregnancies.’” Among women receiving infertility treatment for
endometriosis and tubal infertility, higher cadmium concentrations
in follicular fluid were associated with decreased pregnancy rates.>

Cadmium may act in several ways to impair reproductive capac-
ity in females and males. Cadmium contributes to oxidative stress
in the body by inducing the formation of reactive oxygen species,*
and higher cadmium levels have been associated with higher levels
of reactive oxygen species in follicular fluid in women undergoing
infertility treatment.*® Cadmium may also disrupt the endocrine sys-
tem. In premenopausal women, higher blood cadmium levels were

associated with decreased follicle-stimulating hormone.* Higher
urinary cadmium concentrations among men were associated with
higher levels of total and free testosterone and estradiol before
adjusting for smoking.*! In addition to potential effects of cadmium
on the reproductive system, cigarette smoke contains more than
5000 other chemicals, including several which have been character-
ized as having adverse effects on reproduction,* and these need to be
explored further in relation to couples’ capacity to conceive.

While chewing tobacco use reportedly reduces semen quality
among heavy users in India, it is unclear whether smokeless tobacco
use is harmful in men planning a pregnancy in Western countries,
where constituents of smokeless tobacco are different. One small
study of Swedish men seeking infertility treatment found reduced
semen quality in snuff users,' though another study of Swedish mili-
tary conscripts did not show an association between snuff use and
semen parameters.' We did not observe an effect of male smokeless
tobacco use on TTP compared with never users of tobacco; how-
ever, we did observe male smokeless tobacco users had a shorter TTP
compared with cigarette users.

Chief among the study’s limitations was its small numbers of
smokeless tobacco users. Only 28 men used smokeless tobacco
exclusively at enrollment, so we may be underpowered to detect a
difference and cannot conclude that smokeless tobacco has no effect
on TTP. Furthermore, women in our sample did not use smokeless
tobacco so we could not evaluate the contribution of female smoke-
less tobacco use on TTP. Another limitation was that we did not have
data on electronic cigarette use as this study was conducted before
electronic cigarettes came into widespread use in the United States.
Twenty percent (7 = 99) of the study population was lost to follow-
up. Because men and women lost to follow-up were more likely to
be current smokers than couples completing the study, our findings
may underestimate the association between cigarette use and TTP.
We did use all available data (eg, all time that was observed) in our
Cox models including data provided from couples lost to follow-up;
however, since we observed cigarette smokers have longer TTP, our
findings may have been stronger if we had observed all trying time
for those lost to follow-up.

Alongside these limitations were several strengths. To our
knowledge, this is the first study to evaluate smokeless tobacco use
in relation to the couple-dependent reproductive outcome, TTP. By
interviewing partners on their use of several types of tobacco prod-
ucts during their lifetime and at the start of the pregnancy attempt,
we were able to evaluate the relationships between several types
of tobacco products at different times and TTP. By interviewing
couples at the start of their pregnancy attempt, we also minimized
recall bias associated with reporting exposures after the outcome
is known. Preconception recruitment of couples allowed us to pro-
spectively observe trying time for pregnancy without relying upon
retrospective report of trying time, which has been shown to be
accurate in short* but not long* term recall thereby minimizing
measurement error of the outcome. We were also able to investigate
possible biological mechanisms underlying the observed associa-
tions using measured cotinine and heavy metal concentrations from
biological samples.

Overall, the contribution of the male partner’s smoking habit
to longer TTP highlights the importance of both partners’ life-
styles in healthy reproduction. The Centers for Disease Control and
Prevention’s preconception guidance is now targeted to both part-
ners and urges men and women to quit smoking.** In light of the
call for smokeless tobacco use as a harm reduction tool for smokers,
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increasing smokeless tobacco use among young adults in the United
States, and the relatively greater use of smokeless tobacco in other
countries, further investigations into the potential reproductive tox-
icity of smokeless tobacco are warranted. Scandinavian populations
may be well suited for future work on this topic as smokeless tobacco
use is common,” even among females,* and surveillance systems
for reproduction (eg, semen analysis among military conscripts and
national birth and health registers) are already in place. Additionally,
elucidating the biological mechanisms by which tobacco products
may interfere with couples’ biological capacity to conceive will pro-
vide more information of the potential harms of tobacco use, both
combustible and noncombustible, in couples trying to conceive.
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