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Abstract
We examined the relationship between cotinine measures in follicular fluid (FF) and urine to
inform our exposure assessment strategy for an ongoing epidemiological study of secondhand
tobacco smoke (STS) exposure and early pregnancy loss. Among subjects undergoing in vitro
fertilization (IVF), we compared cotinine levels in paired urine and FF samples from the same
women and examined FF cotinine levels over time. We found a weak rank-order relationship
(Spearman r <0.2) and poor agreement for classifying nonsmoking individuals as exposed to STS
(sensitivity = 0.29–0.71; specificity = 0.35–0.72) between cotinine concentrations in FF and urine.
We observed fair reliability (ICC = 0.42–0.52) in FF cotinine concentrations from women
undergoing multiple IVF cycles. If available, FF cotinine concentrations may be desired as a
biomarker of low-level tobacco smoke exposure over urinary cotinine in studies of early
reproduction. Collection of multiple FF samples for cotinine analysis may be needed to accurately
represent long-term STS exposure.
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1. INTRODUCTION
Active smoking is associated with adverse effects on fertility and early pregnancy (Cooper
and Moley, 2008). Recent studies have also suggested that secondhand tobacco smoke
(STS) exposure has deleterious effects on early reproduction (Neal et al., 2005; Peppone et
al., 2009), though these studies rely on self-reported exposure. Conversely, an earlier study
using a biomarker of tobacco smoke exposure found no difference in fertilization or
pregnancy rates between active, passive and nonsmokers (Sterzik et al., 1996).

It is currently unclear which method of STS exposure assessment is most appropriate in
studies of early pregnancy. Self-reported exposure is commonly used due to its convenience
and economy, but is subject to recall bias and misclassification errors (George et al., 2006).
Objective markers of tobacco smoke exposure, such as nicotine and its metabolites, are also
frequently measured in biological samples. Approximately 75% of nicotine is converted to
cotinine in humans. Cotinine is a widely accepted biomarker because of its specificity and
relatively long half-life in body fluids (~16 hours) compared to nicotine (~2 hours; Benowitz
et al., 2009a). However, a single measure of cotinine in fluids such as blood or urine may be
limited because it reflects only recent exposure (3–4 days; Benowitz et al., 2009a; Matt et
al., 2007).

Assisted reproduction technologies (ART) provide the opportunity to study the effects of
environmental insults on stages of early reproduction otherwise not observable (e.g.
fertilization, implantation). ART also facilitate the collection of follicular fluid (FF), which
surrounds the preovulatory oocyte. FF is composed of constituents of blood plasma that
cross the blood-follicle barrier as well as secretions from granulosa and thecal cells
(Fortune, 1994). FF provides a very important microenvironment in which the oocyte
matures and granulosa cells differentiate (Fahiminiya and Gerard, 2010; Fortune et al.,
2004).

Since the ovarian follicle has no direct blood supply, in order for cotinine and other
chemicals to enter FF they must diffuse through interstitial fluid and/or be transported
through thecal and granulosa cells which surround the antrum and oocyte (Fabro, 1978).
Gap junctions (nonspecific pores between cells) can transport molecules up to 1 kDa in
molecular mass and, since cotinine has a molecular mass of only 176.2 Da, are likely
involved in the passive transport of cotinine into FF (Weber et al., 2004). Once within the
FF, cotinine and other chemicals can interact directly with the cumulus-oocyte complex and
may contribute to adverse effects on fertilization and blastocyst implantation (Fabro, 1978).
Thus, cotinine measured in FF, as opposed to other media (e.g. urine, serum), may be a more
appropriate biomarker of tobacco smoke exposure in studies of early pregnancy because it
reflects a maturing oocyte’s direct exposure to the constituents of tobacco smoke.

Cotinine was first measured in FF in smokers in 1989 (Weiss and Eckert, 1989), and in
1996, Zenzes et al. detected cotinine in the FF of passive smokers (i.e. those exposed to
STS). Shortly thereafter, Zenzes and Reed (1998) demonstrated the ability of FF cotinine to
discriminate between active, passive and nonsmokers.

Using urinary cotinine concentrations to estimate exposure in a large cohort of women
undergoing in vitro fertilization (IVF), we recently reported no increased risk of failed
implantation or spontaneous abortion among exposed nonsmokers compared to those
unexposed (Meeker et al., 2007). However, few studies have examined whether urinary
cotinine is strongly related to more biologically relevant markers of STS exposure in studies
of early pregnancy (e.g. cotinine in FF). Cotinine concentrations in urine are measures of
plasma cotinine not reabsorbed during glomerular filtration; while cotinine concentrations in
FF represent plasma cotinine that diffused through the blood-follicle barrier and largely
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depend upon concentration gradients between the blood, interstitial fluid, and cells
surrounding the oocyte. In addition to these biological differences, relying on biomarkers
more remote to the target area (e.g. gametes) may increase exposure measurement error and
misclassification, which tend to bias effect estimates toward the null (Armstrong, 1998).
Thus, we hypothesized poor agreement between cotinine concentrations in follicular fluid
and urine, which may partially explain the lack of association between exposure and
pregnancy outcomes in our previous report.

In the present study we compared cotinine levels in paired urine and FF samples from the
same women. We also examined FF cotinine levels over time among subjects undergoing
multiple IVF treatment cycles to determine if repeated exposure measures would be needed
in epidemiology studies of STS exposure and IVF outcomes. These efforts were intended to
inform our exposure assessment strategy for a large, ongoing epidemiological study of STS
exposure and early pregnancy loss among ART patients. As far as we are aware, this is the
first study to examine the relationship between cotinine concentrations in FF and urine and
the intra-individual variability of FF cotinine concentrations over time.

2. METHODS
2.1 Study Population

For the present study, 415 subjects were randomly selected from among those who
underwent oocyte retrieval (i.e. for whom a FF sample was taken) in a larger study
previously described (Meeker et al., 2007). Briefly, in the larger study, couples undergoing
IVF or intracytoplasmic sperm injection (ICSI) between 1994 and 2003 were recruited
through three Boston-area clinics to study predictors of IVF success. Protocols were
approved by the Human Research Committees at Brigham and Women’s Hospital, the
Harvard School of Public Health, and the University of Michigan. Approximately 65% of
couples approached agreed to participate in the study. Couples excluded from the study were
those who underwent gamete intra-fallopian transfer (GIFT) or were gestational carriers, as
well as those who required donor oocytes or donor semen. After exclusions, 2,350 couples
who underwent from one to six IVF/ICSI treatment cycles were enrolled in the parent study.

2.2 Exposure Assessment
A self-administered questionnaire was used to obtain information from each subject on
medical history and lifestyle factors such as: demographics, ages of both male and female
partner, medical and reproductive history, smoking history, and duration of infertility. Self-
reported STS exposure at home or at work was also obtained as well as information on male
partner’s present smoking status.

Physicians and technicians were asked to retain the FF from study patients during egg
retrieval for each cycle. FF was aspirated from follicles using a 16-gauge needle and
constant suction from a Rocket pump apparatus. Fluid was collected from the largest visible
follicle before using any flushing medium and then transferred to a sterile Petri dish.
Oocytes were scanned for and removed. The fluid, normally discarded at this point, was
placed into a 15 mL conical tube and centrifuged for 15 minutes. The supernatant was
placed into a clean storage tube, labeled, refrigerated, and transferred to the Brigham and
Women’s Hospital laboratory within 12 hours. At the laboratory, the specimens were
aliquoted into 2 mL specimens and frozen at −80 degrees centigrade. FF was analyzed for
cotinine using a quantitative enzyme-linked immunosorbent assay (ELISA; BioQuant, Inc.,
San Diego, CA). This single-step, competitive test uses spectrometric measurement to
determine cotinine in body fluids. It has a lower reporting limit of 0.3 ng/mL and inter- and
intra-assay variations of 4 and 6%, respectively.
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A first-morning, void urine sample was collected from participants in only the first half of
the parent study (1994–1998). These samples were available for 255 of the 415 subjects in
the present sub-study. Urine samples were collected in a sterile, wide-mouthed, 1-liter
plastic container, aliquoted in the laboratory, and frozen at −80 degrees centigrade. Samples
were later analyzed for cotinine via competitive radioimmunoassay techniques described
elsewhere (Langone et al., 1973, Van Vunakis et al., 1993). The procedure had a lower
reporting limit of 0.1 ng/mL and inter- and intra-assay variations of 5%. After analysis,
urinary cotinine concentrations were adjusted by creatinine (Cr) to account for individual
differences in hydration and urine output (Boeniger et al., 1993). Before we compared FF
and urinary cotinine concentrations, we matched each subject’s urine sample to the IVF/
ICSI treatment cycle that occurred nearest in time to its collection. Urine samples were
matched to the initial cycle for 97% of the subjects in the present study.

2.3 Statistical analysis
Data analysis was performed using SAS software (version 9.2; SAS Institute Inc., Cary,
NC). Quantified cotinine concentrations below the limit of detection (LOD) were kept as the
reported value. Unquantified concentrations were assigned a value of one half of the LOD.
We compared cotinine levels in urine and FF among the 255 subjects from whom both types
of samples were collected. In preliminary analyses we tabulated cotinine distributions in
both FF and urine, stratified by self-reported smoking status. Self-reported active smokers (n
= 13) were excluded to calculate Spearman correlation coefficients between concentrations
of cotinine measured in paired FF and urine samples. We also conducted this correlation
analysis after excluding smokers based on a published cutpoint or threshold (Fuentes et al.,
2010). To determine whether the time between urine and FF sample collection affected the
strength of cotinine correlation, we examined coefficients after stratifying subjects by the
duration between sample collections.

We assessed the ability of a single urinary cotinine concentration to correctly classify an
individual’s STS exposure status by calculating its percent agreement with the individual’s
exposure classification based on the cotinine concentration in a paired FF sample. For this
analysis we considered FF cotinine to represent a woman’s “true” or “gold standard”
exposure because it reflects a developing oocyte’s direct exposure to the constituents of
tobacco smoke. Also, FF samples were collected during IVF treatment at oocyte retrieval,
while urine samples were often collected before oocyte retrieval. Thus, in studies of female
fertility and early pregnancy, we hypothesize that FF cotinine represents a more biologically
and, in our case, temporally relevant biomarker of STS exposure.

Among self-reported nonsmoking subjects in this agreement analysis, we considered those
in the highest cotinine tertile as exposed. For comparison, we also used a published cutpoint
to classify exposure. Following Zielinska-Danch et al. (2007), we categorized unexposed
nonsmokers as those below an unadjusted urinary cotinine concentration of 50 ng/mL. To
the best of our knowledge, no STS exposure cutpoints exist for cotinine in Cr-adjusted urine
or FF. Thus, we extended 50 ng/mL in unadjusted urine to our data distributions to establish
cutpoints for cotinine in Cr-adjusted urine and in FF. We first determined the percentile in
our unadjusted urinary cotinine distribution that corresponded to 50 ng/mL, which was the
42nd percentile. We then matched this percent rank to the 42nd percent values in our FF
cotinine and our Cr-adjusted urinary cotinine distributions, which were 1.11 ng cotinine/mL
FF and 66 ng cotinine/g creatinine, respectively. These values were also used as STS
exposure cutpoints for subsequent analyses. After nonsmoking participants were categorized
as exposed or unexposed based cotinine concentrations in each sample media, sensitivity,
specificity, and positive and negative predictive values were calculated and compared
between classification methods (i.e. when using highest tertile or published cutpoints).
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Percent agreement was also assessed after stratifying cotinine concentrations by time
between urine and FF sample collections.

Since women in the parent study underwent up to six IVF/ICSI cycles, we also examined the
temporal variability (i.e. changes over time) in FF cotinine concentrations to assess how well
a single FF cotinine measure may represent one’s average exposure to STS over longer
periods of time. Among all 415 subjects selected for the present study, we stratified FF
cotinine levels by study year and examined cotinine distributions over time.

To assess the between- and within-person variability in FF cotinine concentrations, we
calculated the intraclass correlation coefficient (ICC) and 95% confidence intervals for ln-
transformed FF cotinine concentrations using SAS PROC MIXED (Hankinson et al., 1995).
ICC is a measure of the reliability of repeat measures over time and is defined as the ratio of
between-subject variance to total variance. Values range from zero to one indicating poor
and excellent reliability, respectively (Rosner, 2000). The ICC was calculated for differing
smoking groups for comparison (e.g. when including or excluding active smokers).

ICC is an indicator of reliability for continuous measures, though it does not quantify the
degree of misclassification that may occur as subjects are categorized into exposure groups.
Thus, we calculated the percent agreement of exposure categorization from a single cotinine
measure to the category in which women were assigned when considering all their repeated
FF cotinine measures (Mahalingaiah et al., 2008; Meeker et al., 2005). The geometric mean
FF cotinine concentration for each subject was defined as their “true” exposure. As
described earlier, a concentration of 1.11 ng cotinine/mL FF was used to categorize women
as exposed or unexposed to STS. Thus, we determined the percent agreement between each
cycle and the subject’s “true” exposure. Sensitivity, specificity, and positive and negative
predictive values were evaluated and compared between smoking groups.

3. RESULTS
The 415 subjects selected for the present study had FF collected from one to six IVF/ICSI
treatment cycles, with a mean of 1.8 cycles per women. The number of women who
underwent 1, 2, 3, 4, 5, and 6 cycles, were, respectively, 209, 109, 63, 24, 7, and 3. A single
urine sample was available for 255 subjects recruited between 1994 and 1998 (i.e. in the first
half of the parent study). Detectable cotinine concentrations were measured in 100% of
urine samples and 82% of FF samples.

Large differences (p < 0.0001) were observed between the cotinine distributions of self-
reported active smokers and nonsmokers and are presented in Table 1. No significant
differences were found between the cotinine distributions of nonsmokers who reported they
were exposed to STS and nonsmokers who did not report STS exposure. Cotinine
concentrations were consistently higher in urine than in FF.

No clear relationship between urinary and FF cotinine concentrations was observed visually
(Figure 1). Several self-reported nonsmokers had very high levels of cotinine in either FF or
urine or both, which may reflect active smokers who inaccurately reported their smoking
status. Overall, a weak correlation (Spearman r <0.2) was observed between cotinine
concentrations in these two media and is presented in Table 2. Because of the short
biological half-life of cotinine in body fluids, we hypothesized that the correlation between
cotinine in urine and FF would strengthen as the time between collections of the two
samples decreased. For subjects whose urine and FF samples were collected more than 15
days apart, correlation coefficients declined somewhat compared to all samples, as expected.
Likewise, correlations were slightly strengthened among samples collected within 15 days
of each other compared to all samples.
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However, as subjects were grouped by shorter time intervals between sample collections, we
observed a decreasing trend in the strength of cotinine correlation. When a published
cutpoint was used to distinguish active from passive smokers, coefficients decreased
compared to coefficients calculated among self-reported nonsmokers. This is may be due to
the presence of active smokers who misreported their smoking status. Thus, the lower half
of the table is likely representing the true correlation of cotinine concentrations in urine and
FF samples among nonsmokers. Similar results were seen when calculating Pearson
correlation coefficients using cotinine concentrations transformed by the natural logarithm
(results not shown).

To determine the extent of exposure misclassification based on categories of urinary
cotinine as a biomarker of STS exposure, we calculated its percent agreement with FF
cotinine categories (Table 3). Agreement between cotinine in urine and FF was poor, and
results were consistent among various data stratification approaches (e.g. when using
different exposure cutpoints or Cr-adjusted urine). Sensitivity and positive predictive values
did strengthen when we classified exposure by a published cutpoint versus the tertile
cutpoint, but specificity and negative predictive values decreased proportionally, negating
any overall improvement in percent agreement. Finally, urine and FF samples collected
closer together in time did not have better agreement than those collected farther apart.

To assess the reliability of FF cotinine concentrations, we calculated intraclass correlation
coefficients (ICC) and their 95% confidence intervals (Table 4). Good reproducibility (ICC
= 0.67) was demonstrated when including all participants; though, as expected, when active
smokers were excluded, coefficients were reduced for self-reported nonsmokers (ICC =
0.52) and “true” nonsmokers (ICC = 0.42). We also assessed the ability of a single FF
cotinine measure to correctly categorize women as exposed to STS when compared to their
exposure categorization that considered multiple FF cotinine measures. Among 97 women
undergoing three or more cycles, FF cotinine agreement was good (Table 5). Results were
consistent when active smokers were omitted and when exposure status was defined by a
published cutpoint versus self-report.

Finally, since the parent study spanned 10 years we hypothesized that there would be a
decline in FF cotinine concentrations over time due to increased tobacco awareness and
regulation in the US. However, no temporal trend was observed (results not shown).

4. DISCUSSION
In this study, we compared cotinine concentrations in FF and urine samples and examined
the temporal variability of FF cotinine measures. Among nonsmoking IVF patients, we
found a weak relationship between cotinine levels in paired FF and urine samples. FF
cotinine was a more temporally relevant biomarker in the present study because FF samples
were collected during ART treatment, while urine samples were often taken before
treatment. Since FF is also likely a more biologically relevant sample matrix when assessing
STS exposure’s effects on early female reproduction, our results provide evidence that
measuring cotinine in FF may be a more appropriate biomarker of low-level tobacco smoke
exposure in studies of fertility and early pregnancy.

Cotinine in FF and serum correlated highly with one another (R2 = 0.95 and R2 = 0.89) in
two previous reports (Fuentes et al., 2010; Paszkowski, 1998). This inter-fluid cotinine
agreement was much stronger than what we observed in the present study, though active
smokers were included in both previous studies, likely strengthening the observed
correlations. As far as we are aware, only one other study has examined inter-fluid cotinine
agreement exclusively among nonsmokers. After dosing subjects with nicotine levels
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intended to simulate STS exposure, Benowitz et al. (2009b) recently reported a strong
relationship (R2 = 0.84) between cotinine in blood plasma and Cr-adjusted urine. This
reported correlation is also much stronger than what was observed in the present study, but it
is difficult to compare results from this study and ours since the relationship between
cotinine in blood plasma and FF among nonsmokers is unknown. Paszkowski et al. (1998)
found no significant gradient between cotinine in serum and FF, indicating that cotinine
easily crosses the blood-follicle barrier; however, 22% of the subjects in that study were
self-reported active smokers. Thus, this finding may be influenced by cotinine-saturated
biological compartments within those who actively smoke.

To the best of our knowledge, the present study is also the first to examine intra-individual
variability in FF cotinine concentrations. We found moderate to high within-subject
variability in FF cotinine concentrations when assessing concentrations as a continuous
variable. Our ICC analyses showed fair to poor reproducibility in FF cotinine levels over
time, demonstrating the need for multiple FF samples to accurately predict long-term STS
exposure. On the other hand, when using FF cotinine concentrations to categorize women as
exposed or unexposed, we found a high level of agreement in sensitivity analyses. Thus, if
broad exposure categories are used as opposed to continuous FF cotinine concentrations,
there may be a smaller degree of exposure misclassification when using a single FF sample
to estimate exposure over a longer period of time. However, in our analysis sensitivity may
have been overestimated because we used subjects’ geometric mean cotinine concentrations
as their “gold standard” exposure measure. In other words, the predicted measurements,
cotinine measures from a single FF sample, are not independent of the standard against
which they are being compared. The lack of independence between these two variables may
have increased the observed levels of agreement.

While somewhat low, the ICCs are higher here than what has been seen for other non-
persistent chemicals such as phthalates and bisphenol-A among other studies of infertile
couples (Hauser et al., 2004; Mahalingaiah et al., 2008). This may indicate that people are
more consistently and repeatedly exposed to STS compared to these other contaminants,
perhaps because exposure to the other ubiquitous contaminants is likely to be more multi-
source, multi-route, and multi-pathway compared to STS exposure.

The variability of cotinine concentrations over time has not been extensively studied in any
sample media. In a study examining temporal patterns in urinary cotinine among children
whose parents smoked, Matt et al. (2007) reported that over a 7–13 month period, within-
subject variability of urinary cotinine levels was 10–20 times higher than would be expected
based on measurement error alone. They also reported that a single urine sample yielded
highly accurate estimates of recent exposure only (i.e. 2–3 days) and up to 12 urine samples
may be needed to obtain similar precision in estimates of STS exposure over a 4–13 month
period. In their study, ICCs for cotinine measured in single urine samples collected four
days apart ranged from 0.81 and 0.93. For cotinine measured in samples collected 138 days
or more apart, ICCs ranged from 0.65 to 0.71. Similarly, in the present study, our subjects’
FF samples were collected from one month to a few years apart. We found ICCs of 0.52 and
0.42 for cotinine measured in single FF samples among self-reported nonsmokers and “true”
nonsmokers, respectively. We expected ICCs from the present study to be lower than what
Matt et al. reported, since all subjects in that study were children whose parents smoked.
Matt et al. also reported that ICCs for averaged cotinine measures from multiple samples
(between 6 and 15) were much higher than for single samples, at times exceeding 0.93 for
time intervals of 138 to 403 days. These findings demonstrate that within-subject cotinine
variability increases with time. In other words, a single measure’s accuracy as an estimate of
exposure decreases as time increase. Thus, collecting and conducting cotinine analysis on
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multiple biological samples over time should improve long-term STS exposure estimate
accuracy.

Findings from Matt et al. may represent true variability in exposure to STS over time.
However, high between-subject variation in FF cotinine within smoking groups and within
women reporting smoking the same number of cigarettes has also been demonstrated
(Zenzes et al., 1996), potentially suggesting variation in toxicant metabolism, distribution,
and excretion between individuals due to genetic differences (Swan et al., 2005). If so, using
a more biologically-relevant exposure biomarker, such as FF, may be vital for minimizing
exposure measurement error in epidemiological studies. Alternatively, the results of Zenzes
et al. (1996) may serve as further evidence of the inaccuracy of self-reported exposure since
self-report was used to create smoking groups in that study.

There are several potential alternate explanations for our findings. Some of the cotinine
disagreement we observed between matrices may be the result of using different analytical
methods to measure cotinine in urine and FF. However, we expect that this would only
account for a small proportion of the observed disagreement because the precision for both
methods was good and our sample size was large. Since cotinine levels generally reflect
exposure to tobacco smoke within the past 3–4 days (Benowitz et al., 2009a), the time
between urine and FF sample collections could also partially explain this lack of agreement.
We stratified our correlation and percent agreement analyses, however, by the time between
sample collections. In doing so we did not observe an improvement in percent agreement or
correlation between samples collected within three days of each other verses all samples.
Additionally, relying solely on self-report can lead to exposure misclassification. Thus, for
comparison, we used an objective cotinine cutpoint or threshold to determine exposure
status. Our results did not change when exposure classification was based upon cutpoints.
The use of a first-morning void urine sample may also partially explain the observed
disagreement. Other markers of exposure, such as cotinine measured in a 24-hour urine
sample, may have been helpful. Unfortunately, such markers were not available in the
present study.

Another explanation for our findings may be the difference in storage times of the urine and
FF samples. FF samples were frozen/stored for much longer than urine samples before
cotinine measurement. The stability of cotinine in FF has not been tested, though the results
of a study examining the stability of urinary cotinine and creatinine concentrations suggest
that these analytes retain their ability to discriminate between smokers and nonsmokers for
at least 10 years of storage at −20 degrees centigrade (Riboli et al., 1995). Also, our findings
of weaker within-subject cotinine relationships between FF and urine than between repeat
measures from FF collected over time argue that the lack of correlation between urine and
FF is true and that cotinine degradation from long-term storage of FF did not occur.

5. CONCLUSION
Our results indicate that FF cotinine may be an improved biomarker of exposure to STS
compared to urinary cotinine in studies of early pregnancy and that cotinine measures from
multiple FF samples may be necessary to accurately represent long-term STS exposure. In
the future, we plan to measure cotinine in multiple FF samples from a larger number of
women to reevaluate relationships between STS exposure and early pregnancy outcomes.
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Figure 1.
Urinary cotinine versus follicular fluid cotinine in paired samples from the same women (N
= 242 self-reported nonsmokers)
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Table 2

Spearman correlation coefficients between cotinine measured in follicular fluid and urine samples among
nonsmoking in vitro fertilization patients

N Unadjusted urine Creatinine-adjusted urine

Nonsmokers determined by self-report

 all samples 242 0.13a 0.15a

 > 15 days apart 122 0.06 0.13

 ≤15 days apart 120 0.20a 0.16

 ≤7 days apart 82 0.14 0.11

 ≤3 days apart 17 0.12 −0.08

Nonsmokers determined by published cutoff b

 all samples 238 0.07 0.08

 > 15 days apart 120 0.01 0.08

 ≤15 days apart 118 0.12 0.07

 ≤7 days apart 80 0.08 0.04

 ≤3 days apart 16 −0.06 −0.29

a
p-value ≤ 0.05

b
Those participants with a follicular fluid cotinine concentration below 10 ng/mL, indicating they are not active smokers following Fuentes et al.

(2010)
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Table 4

Intraclass correlation coefficients (ICC) for cotinine levels in repeated follicular fluid samples

No. of women No. of cycles ICC 95% CI

All subjects 415 765 0.67 0.61–0.73

Self-reported nonsmokers 388 718 0.52 0.44–0.59

“True” nonsmokersa 379 696 0.42 0.34–0.52

a
Geometric mean below 10 ng cotinine/mL follicular fluid, indicating participants who are not active smokers following Fuentes et al. (2010)
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