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Abstract

We investigated whether sexual activity was associated with reproductive function in the

BioCycle Study, a prospective cohort study that followed 259 regularly menstruating women aged

18 to 44 years for one (n=9) or two (n=250) menstrual cycles in 2005–2007. Women were not

attempting pregnancy nor using hormonal contraceptives. History of ever having been sexually

active was assessed at baseline and frequency of sexual activity, defined as vaginal-penile

intercourse, was self-reported daily throughout the study. Serum concentrations of estradiol,

luteinizing hormone (LH), follicle-stimulating hormone (FSH), progesterone, and testosterone

were measured up to 8 times/cycle. Sporadic anovulation was identified using peak progesterone

concentration. Linear mixed models were used to estimate associations between sexual activity

and reproductive hormone concentrations and generalized linear models were used to estimate

associations with sporadic anovulation. Models were adjusted for age, race, body mass index,

perceived stress, and alcohol consumption and accounted for repeated measures within women.

Elevated concentrations of estrogen (+14.6%, P<.01), luteal progesterone (+41.0%, P<.01) and

mid-cycle LH (+23.4%, P<.01), but not FSH (P=.33) or testosterone (P=.37), were observed in

sexually active women compared with sexually inactive women (no prior and no study-period

sexual activity); sexually active women had lower odds of sporadic anovulation (adjusted odds

ratio= 0.34, 95% confidence interval: 0.16–0.73). Among sexually active women, frequency of

sexual activity was not associated with hormones or sporadic anovulation (all P>.23). Findings

from our study suggest that ever having been sexually active is associated with improved

reproductive function, even after controlling for factors such as age.
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Introduction

Ovulation in women is thought to occur spontaneously during each menstrual cycle,

regardless of sexual behavior, as a result of positive and negative feedback mechanisms of

the hypothalamic-pituitary-ovarian axis (Adams and Ratto, 2013). However, given the

potential evolutionary benefits of sexual activity influencing ovulatory function and

consequent pregnancy success (Wilcox et al., 2004) and the evidence that sexual activity

induces ovulation in other species (Bakker and Baum, 2000; Jöchle, 1975; Pfaus et al., 2003;

Wu et al., 1977), it remains to be established whether or not humans have similar biological

mechanisms in place to induce or augment ovulatory function (Stanislaw and Rice, 1987;

Wilcox et al., 2004).

Female- versus male-initiated sexual activity has been shown to be greater around the time

of ovulation (Adams et al., 1978; Gangestad et al., 2002; Harvey, 1987; Wallen, 2001) and

numerous studies have found that sexual activity among women in general peaks during the

time of ovulation (Bullivant et al., 2004; Caruso et al., 2014; Pagidas et al., 2010; Van

Goozen et al., 1997; Wilcox et al., 2004) as does the desirability of a male partner (Larson et

al., 2013). Together these studies suggest that peri-ovulatory hormonal patterns may cause

an increase in female libido, which together with their partner’s desire and the couple’s

intentions regarding pregnancy, can affect sexual behavior (Wallen, 2001).

Further characterization of the relationship between sexual activity and reproductive

function has the potential to improve our understanding of couples’ fecundity (Buck Louis,

2011). A recent review concluded that although the relationship between sexual activity and

menstrual cycle function has been studied, several conflicting results and methodological

differences make it difficult to draw definitive conclusions (Brown et al., 2011). Previous

studies have evaluated sexual activity patterns across the menstrual cycle, but have been

limited in their examination of sexual activity and ovulatory function, have not included a

comparison of reproductive function between sexually active women and women reporting

no history of sexual activity, nor have evaluated the effect of reproductive function during

one cycle on sexual activity in a subsequent cycle.

Therefore, we investigated the association between sexual activity and reproduction

function, examining both the effect of sexual intercourse on reproductive function and the

effect of reproductive function on sexual intercourse using longitudinally collected data. Our

hypotheses were that sexually active women would have higher reproductive hormone levels

and be less likely to experience anovulatory cycles compared with sexually inactive women

and that reproductive hormones would be associated with sexual activity patterns. We

investigated these hypotheses in a cohort of healthy premenopausal women, both with or

without a history of sexual activity, who were not attempting pregnancy nor using hormonal

contraceptives.
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Materials and Methods

Study Population

The BioCycle Study was a prospective cohort study that included 259 healthy, regularly

menstruating women aged 18 to 44 years from western New York State during 2005–2007

and followed them for up to two menstrual cycles. Details of the study population, materials

and methods have been previously described (Wactawski-Wende et al., 2009). Briefly,

exclusion criteria included use of oral contraceptives within the past 3 months; a history of

pregnancy, breastfeeding, or attempting a pregnancy within the past 6 months; and any

recent history of infection or diagnosis of a chronic medical condition, including menstrual

and ovulatory disorders, or psychiatric condition, including premenstrual dysphoric disorder.

In addition, women with a self-reported body mass index (BMI) of < 18 or > 35 kg/m2 at

screening were excluded. The University at Buffalo Health Sciences Institutional Review

Board (IRB) approved the study and served as the IRB designated by the National Institutes

of Health for this study under a reliance agreement. All participants provided written

informed consent. The main findings of the study concerning reproductive hormones and

oxidative stress have been previously published (Schisterman et al., 2010).

Fasting blood samples were scheduled to be collected in the morning (between 7 and 8:30

am) at up to 8 visits per cycle planned to occur during menses; the mid-follicular phase;

three days around the time of the luteinizing hormone (LH) surge; and the early, mid, and

late luteal phases. The timing of visits was facilitated by the use of home fertility monitors

(Clearblue Easy Fertility Monitor; Inverness Medical, Waltham, Massachusetts) (Howards

et al., 2009). Nearly all women (94%) provided 7 or 8 blood specimens per cycle and 100%

provided at least 5 specimens per cycle.

Blood collection and handling protocols were designed to minimize variability (Wactawski-

Wende et al., 2009). All samples were processed and frozen at −80°C within 90 minutes of

phlebotomy and analytes were measured in participant-specific batches within a single run

to limit analytical variability. Estradiol, LH, follicle-stimulating hormone (FSH), and

progesterone concentrations were measured in serum samples using solid-phase competitive

chemiluminescent enzymatic immunoassays (DPC Immulite 2000 analyzer, Siemens

Medical Solutions Diagnostics, Deerfield, IL) at the Kaleida Health Center for Laboratory

Medicine (Buffalo, NY). Serum testosterone was measured by liquid chromatography/

tandem mass spectrometry (Shimadzu Prominence Liquid Chromatogram with an ABSceix

5500 tandem mass spectrometer) by the Advanced Research and Diagnostic Laboratory,

Minneapolis, MN. Increased sensitivity was achieved by using 100% acetonitrile mobile

phase B as the solvent gradient elution and adding a low standard of 4 ng/dL. The interassay

maximum coefficients of variation reported by the laboratory were ≤10% for estradiol; ≤5%

for LH and FSH; ≤14% for progesterone; and ≤7% for testosterone. All hormone

measurements were log-transformed for normality before statistical analysis and then

transformed by exponentiation for table display. In addition, LH and progesterone

measurements were restricted in the analysis to mid-cycle (three days around the LH surge)

and luteal phase (early, mid and late), respectively, as these are the phases with the greatest
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biological variance for these hormones. For certain analyses, progesterone measurements

from mid-cycle visits were also analyzed for comparison.

Sporadic anovulatory cycles were defined as cycles with peak serum progesterone

concentrations ≤5 ng/mL and no observed serum LH peak during the mid or late luteal phase

visits (Gaskins et al., 2009). These cycles were considered to reflect sporadic rather than

chronic anovulation, as study participants were healthy women without reported

gynecological or menstrual disorders.

Sexual Activity and Covariate Assessment

Participant characteristics, such as race, age, and smoking status, were assessed during a

baseline visit via questionnaire. Trained study staff measured height and weight, from which

BMI was calculated. Perceived stress level was measured using the 14-item Cohen

Perceived Stress Scale (PSS) (Cohen et al., 1983). In addition, prior sexual history was

ascertained by the question: “Have you ever been sexually active? (Y/N)”. Among sexually

active women, contraceptive use history was obtained.

Sexual activity during the study period was assessed prospectively using a daily diary where

participants reported whether they had engaged in sexual intercourse, defined as vaginal-

penile intercourse, that day (Y/N), with instructions that participants should consider that

each day ends at midnight. Alcohol intake was also assessed via the daily diary and was

averaged over the study period and subsequently categorized as: low (≤ 0.5 drinks/day),

moderate (0.5 to 1 drinks/day), or high (≥ 1 drinks/ day). The daily diary also captured

information on medication use, hours of sleep, and minutes of vigorous physical activity.

Statistical Analysis

Baseline characteristics, sexual history, and contraceptive use history were compared among

participants grouped into four sexual activity categories: (1) no prior and no current sexual

activity during the study period (henceforth labeled “sexually inactive”), (2) history of

sexual activity but not during the study-period (“not sexually active during study”), (3)

weekly or less during the study-period (“weekly or less”), (4) greater than weekly during the

study-period (“greater than weekly”). Fisher’s exact tests were used to test for differences

among sexual activity categories for categorical variables and analysis of variance was used

for continuous variables. In addition, pair-wise comparisons were performed between sexual

activity categories on mean reproductive hormone concentrations, with the Tukey method

used to account for multiple comparisons.

Variation in reported daily sexual activity across the menstrual cycle among women

sexually active during the study was assessed using linear mixed models to account for

repeated measures within women. Days were aligned in relation to the day of ovulation,

which was estimated based on dates and levels of LH peak from the fertility monitor

compared with the observed LH maximum value in serum and the first day of progesterone

rise (Mumford et al., 2012). If the cycle was classified as anovulatory, cycle day 14 was

assigned as the estimated day of ovulation for comparison purposes. Pair-wise comparisons

were made between cycle days using the Tukey method. In addition, average frequency of

sexual activity was compared between Mid-Cycle (7 days prior through 2 days after
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estimated date of ovulation) and Early Cycle (8 or more days prior to ovulation, including

menses) and Late Cycle (3 or more days after ovulation), respectively. The “Early cycle”

window was chosen as 8 or more days prior to ovulation because this captured the days

during menstruation, when women are thought to be less likely to have intercourse

(Bullivant et al., 2004). The “Mid-Cycle” window was chosen 7 days prior to through 2 days

after ovulation to be generously inclusive of the fertile window (Lynch et al., 2006; Wilcox

et al., 2004; Wilcox et al., 1995) and the “sexual phase” of the menstrual cycle (Bullivant et

al., 2004). The “Late Cycle” was chosen at 3 or more days after ovulation to capture the

remaining part of the cycle.

Linear mixed models were also used to estimate the association between sexual activity

category and reproductive hormone concentrations. A first-order autoregressive moving-

average correlation structure was specified for the correlation between hormone

measurements within women. For these analyses, the four level sexual activity category was

examined as well as a collapsed two level variable (sexually active vs. inactive [no prior and

no study-period sexual activity]). In addition, we restricted the analyses to sexually active

women to examine the association between average frequency of sexual activity and

hormone concentrations.

Generalized linear models were used to estimate odds ratios (OR) for the association

between categorized sexual activity (both four level and two level categories) and the

likelihood of experiencing an anovulatory cycle during the study, while accounting for the

repeated measurements within women. These models were also run after restricting the

analyses to sexually active women.

In terms of the direction of effect, we took advantage of the longitudinal nature of our data

to examine both the effect of sexual intercourse on reproductive function and, conversely,

the effect of reproductive function on sexual intercourse. For the effect of sexual intercourse

on reproductive function, we used linear mixed models (described above) to evaluate the

association between previous-day sexual intercourse (any vs. none) and next-day hormone

concentrations. We also examined sexual intercourse prior to the day of expected ovulation

(any vs. none since first day of cycle) on the likelihood of anovulation in that cycle using

generalized linear models (also described above). For the effect of reproductive function on

sexual intercourse, we evaluated associations between previous-day hormone levels and

report of next-day sexual intercourse (any vs. none). In addition, we examined anovulation

in the first study cycle in relation to average frequency of sexual intercourse in the second

study cycle. And lastly, we examined the association between hormone concentrations and

same-day sexual intercourse. As blood draws were scheduled first thing in the morning, this

analysis likely reflects the effect of reproductive function on sexual intercourse because

sexual intercourse reported for that day presumably occurred later in the day or evening.

All models were run unadjusted and adjusted for age (continuous), race (white/black/other),

BMI (continuous), PSS score (continuous), and alcohol intake (low/medium/high). Where

appropriate we also adjusted for the effect of time-varying confounders using inverse

probability weighting (Robins et al., 2000). All analyses were carried out using SAS version

9.3 (SAS Institute Inc., Cary, NC).
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Results

Study participants had a mean (± standard deviation) age of 27.3 ± 8.2 (range: 18 to 44

years), BMI of 24.1 ± 3.9 (16 to 34 kg/m2), and were mostly white (60%, 154/258) (Table

1). Of the 258 women whose sexual activity category could be determined, there were 59

(23%) who were sexually inactive, 64 (25%) who were not sexually active during the study-

period, 71 (28%) who were sexually active weekly or less, and 64 (25%) who were sexually

active greater than weekly. Age, BMI, race, marital status, parity, and alcohol consumption

differed by sexual activity category (all P <.05). Mean concentrations of estradiol, mid-cycle

LH, FSH, and luteal progesterone differed by sexual activity category (all P <.05), with

significantly higher levels observed between select categories of sexually activity women in

comparison to sexually inactive women (Tukey P <.05). Mid-cycle progesterone did not

differ among sexual activity categories: sexually inactive (median=1.1, interquartile range

0.7–1.7 ng/mL), not sexually active during study-period (1.0, 0.7–1.4), sexually active

weekly or less (1.0, 0.6–1.5), or sexually active greater than weekly (0.9, 0.7–1.5) (P=0.90).

Days of reported sexual activity per cycle during the study-period ranged from 0 to 18 and

daily sexual activity varied across the menstrual cycle (P<.01), with the average reported

daily sexual activity during Mid-Cycle (19.0%) being significantly higher than that during

Early-Cycle (12.1%, P<.01), but not different from that during Late Cycle (16.9%, P=.12)

(Figure 1). Sexual activity was significant different (Tukey P<.05) between the following

days: days -6, -4 and 1 were each different from day -13; day -2 was different from days -11,

-12, -13 and -14; day 0 was different from days -14 and -12.

Among 192 (74%) women who reported ever being sexually active, 177 (92%) reported a

history of contraceptive use. The most commonly reported current method of contraception

was male condoms (38%, 68/177) (supplementary table). For approximately half (52%,

92/177) of sexually active women with a history of contraceptive use, contraception was not

currently being used or the method was unspecified.

In terms of sexual activity category and hormone concentrations, we observed higher

estrogen, mid-cycle LH and luteal progesterone among sexually active women when

compared with sexually inactive women after adjustment for confounders (all P<.05); FSH

and testosterone did not differ by sexual activity status (P =.33 and P =.37, respectively)

(Table 2). Among sexually active women, hormone concentrations did not differ between

those sexually active weekly or less or greater than weekly in comparison to women not

sexually active during the study (both P >.23) (Table 3). In terms of pair-wise comparisons

of adjusted mean hormone concentrations, higher levels were observed between select

categories of sexually activity women in comparison to sexually inactive women (Tukey P

<.05) but were not different between the categories of sexually active women.

Sexually inactive women experienced a greater percentage of sporadic anovulatory cycles

compared with sexually active women (19% [22/117] vs. 5% [19/391] P<.01) (Table 4). In

accord, sexually active women had a lower likelihood of sporadic anovulation during the

study compared with sexually inactive women (adjusted OR=0.34, 95% confidence interval

[CI] 0.16, 0.73). Among sexually active women, higher frequencies of sexual activity were
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not associated with likelihood of sporadic anovulation in comparison to women not sexually

active during the study (both P>.83).

In terms of the effect of sexual intercourse on reproductive function, hormone

concentrations did not vary by previous day sexual intercourse (any vs. none) among all

women or among only sexually active women (all P>.19) (Table 5). Sexual intercourse prior

to the day of expected ovulation (any vs. none since first day of cycle) was associated with a

decreased likelihood of sporadic anovulation in that cycle (adjusted OR=0.37, 95% CI 0.15,

0.93), but this association was not statistically significant when the analysis was restricted to

sexually active women (Table 4).

With respect to reproductive function affecting sexual intercourse, higher mid-cycle LH

levels were associated with an increased likelihood of next-day sexual intercourse among all

women and among sexually active women (Table 6). Among all women, a log increase in

mid-cycle LH concentration was associated with a 28% increased odds of next-day sexual

intercourse (P=.02), which is equivalent to an LH increase from approximately 10.3 ng/mL

(the median) to 27.9 ng/mL. Although the adjusted ORs for the other reproductive hormones

also indicated a positive relationship, they were not statistically different from the null (all

P>.14). As for the association between hormone concentrations and same-day sexual

intercourse, estradiol and testosterone levels were 14–15% and 8% higher, respectively, for

women reporting any vs. no sexual intercourse (Table 5). For all other hormones, including

mid-cycle progesterone, there was no association between hormone concentration and same-

day sexual intercourse (all P> .21). In terms of reproductive function in one cycle affecting

sexual intercourse in a subsequent cycle, women with an anovulatory cycle during their first

study cycle were less likely to report greater than weekly sexual activity in the second study

cycle, but this finding was not significant (among all women, P=.13) (Table 6).

Discussion

In a cohort of healthy, premenopausal women not taking hormonal contraceptives or

attempting pregnancy, we observed that sexually active women had significantly higher

serum concentrations of reproductive hormones (estradiol, mid-cycle LH, and luteal

progesterone) and lower odds of sporadic anovulation in comparison with sexually inactive

women (i.e. no prior and no study-period sexual activity). Among sexually active women,

who included a group of women who did not report sexual intercourse during the 2 month

study-period, frequency of sexual intercourse was not associated with reproductive function.

We also found higher mid-cycle LH, estradiol and testosterone were associated with

increased likelihood of subsequent sexual intercourse, while previous-day sexual intercourse

was not associated with subsequent mid-cycle LH or other reproductive hormones. In

addition, sexual intercourse since the first day of the cycle up until the expected day of

ovulation was not associated with anovulation in that cycle among sexually active women,

and anovulation in one cycle was not associated with sexual activity level in a subsequent

cycle. Taken together, the findings from our study suggest that sexual activity status is

related to hormone concentrations and ovulation in women, hormones are associated with

likelihood of subsequent sexual intercourse, and there may exist a bi-directional relationship

between sexual activity and reproductive function.
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Our study found an increase in sexual activity around the time of ovulation among sexually

active women. This is consistent with previous studies showing a peri-ovulatory increase in

female sexual desire (Bancroft et al., 1983; Harvey, 1987; Stanislaw and Rice, 1988) and

sexual activity (Brown et al., 2011; Caruso et al., 2014; Wilcox et al., 2004), specifically

female-initiated sexual activity (Adams et al., 1978; Gangestad et al., 2002; Harvey, 1987;

Van Goozen et al., 1997). The present study was not designed to evaluate whether the peri-

ovulatory sexual activity was female or male-initiated; however, the higher mid-cycle LH,

estradiol and testosterone associated with subsequent sexual intercourse suggests an

intrinsically female-driven factor, which could result in pregnancy among at-risk cycles.

Mechanisms of this increase in sexual activity could include an increase in self-perceived

attractiveness (Schwarz and Hassebrauck, 2008) and/or an increase in libido (Dennerstein et

al., 1994). Our finding of a similar frequency of sexual activity in the luteal phase compared

to around the time of ovulation may be the result of partner-initiated sexual activity, which

may not be menstrual phase specific (Caruso et al., 2014), or could be due to the fact that

study participants were actively preventing pregnancy.

Few existing studies have been able to examine associations between sexual activity and

reproductive hormone concentrations across either a single menstrual cycle or across

multiple cycles. A recent study among 52 women (1–2 cycles each) not using hormonal

contraceptives reported increased daily salivary estradiol, but not testosterone,

concentrations on the days during which sexual intercourse was reported (Roney and

Simmons, 2013). We also observed an acute association between sexual intercourse and

estradiol, as well as a positive association between estradiol and sexual activity status (active

vs. inactive). Unlike Roney and Simmons, we did observe a positive association between

testosterone and same-day sexual intercourse, which agrees with another recent study of

1180 women (1 cycle each) that found frequency of sexual activity positively correlated

with serum testosterone across the menstrual cycle (Caruso et al., 2014). In addition, we

observed a higher frequency of sexual intercourse during the peri-ovulatory phase in this

analysis, which corresponds with peak testosterone concentrations observed around

ovulation as described in a previously published manuscript from this study (Sjaarda et al.,

2014). Therefore, our findings support the association between testosterone and sexual

activity (Pluchino et al., 2013; Turna et al., 2005).

Most previous studies on sexual behavior and menstrual cycle phase have excluded sexually

inactive women and have assumed that hormones affect sexual behavior, as evidenced from

their study design, analysis and interpretation of findings. We were able to make unique

comparisons in our study as our cohort included a group of women (aged 18–37 years) who

reported no prior and no study-period activity. Given the complex socio-cultural

components involved in the occurrence of coital debut (Halpern et al., 2006), it is plausible

that sexual activity status may affect hormone concentrations and ovulatory function rather

than exclusively vice versa. Taking advantage of the longitudinal nature of our data, we

were able to explore both directions of effect, finding evidence supporting a bi-directional

effect of sexual activity and reproductive function. In this way our study provides a novel

contribution to the study of female sexual behavior and menstrual cycle phase.
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Our finding of sexual activity status possibly affecting reproductive function is unique, as

our current understanding of the biological relationship between sexual activity and

reproductive function is largely based on animal studies of induced (or “reflex”) ovulators

and spontaneous ovulators (including humans). Though spontaneous ovulators are thought

to ovulate according to an internal rhythmic cycle independent from copulatory behavior, it

is feasible that sexual activity could modulate ovulation in these animals as well, perhaps

due to exposure to “ovulation-inducing factor” protein in seminal plasma (Adams and Ratto,

2013; Ratto et al., 2012) or through genital stimulation causing the release of gonadotrophin

releasing hormone (GnRH) (Huynh et al., 2013; Kruger et al., 2012; Zarrow and Clark,

1968). In agreement with copulatory behavior affecting ovulation even in spontaneous

ovulators, we observed elevated mid-cycle LH and lower incident sporadic anovulation

among sexually active women compared with the sexually inactive group. The mechanism

behind these associations could be barrier-free frequent sexual intercourse (Stanislaw and

Rice, 1987; Wilcox et al., 2004), as a large percentage of women in our study reported not

using a form of contraception or it was not specified. However, the associations could also

be due to the effects of hormones on subsequent sexual activity, as we described above.

Strengths of our study include the prospective capture of sexual activity, hormone

concentrations and ovulation which are further strengthened by the measurement of these

variables across two menstrual cycles using well-established laboratory protocols.

Moreover, we were able to adjust for several factors, including age, race, BMI, alcohol

intake and perceived stress levels, which may impact the relationships between sexual

activity and reproductive function.

Still, our findings need to be interpreted in the context of important study limitations, most

notably our measure of daily intercourse without further information regarding sexual libido,

motivation, female orgasm, self- or partner-initiated activities or non vaginal-penile

intercourse. Moreover, the possibility of residual confounding cannot be completely ruled

out. In particular, we were unable to adjust for physical attractiveness, which was not

captured in our assessment tools, and could be both an indicator of fecundity and predict

sexual activity level. While we identified anovulatory cycles using serum hormone levels,

we did not have radiological or direct visualization evidence to confirm ovulation. As such,

we cannot eliminate the possibility of misclassification of ovulation status. In addition, our

findings may have limited external validity as we cannot generalize them to reproductive-

aged women using hormonal contraceptives or to those without regular menstrual cycles.

Moreover, our study population is unique in that 23% reported no prior or current sexual

activity, a proportion substantially higher than the <8% we might expect given the average

age of study participants was 27 years (Mosher et al., 2005), which may further limit the

generalizability of our findings. Lastly, though we utilized the temporal relationships

between reproductive function and sexual intercourse available in our data to examine the

direction of effects, the relationships between these factors may be bi-directional precluding

our ability to infer causality. Additional studies are needed to help tease apart the

directionality of effects.

In conclusion, we observed that sexual activity was associated with higher concentrations of

estrogen, mid-cycle LH, and luteal progesterone and lower odds of sporadic anovulation
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among a population of young, healthy, regularly menstruating women not on hormonal

contraceptives who were not seeking pregnancy. Importantly, the frequency of sexual

activity did not seem to play as important of a role as whether the participant had ever had

been sexually active. In addition, we found that higher mid-cycle LH, estradiol and

testosterone levels were associated with increased likelihood of same or next-day sexual

intercourse. While there are a few suggested mechanisms for the association between sexual

activity and ovulation in animals, further studies are needed to characterize these

relationships in humans and understand the direction of both long and short term effects.

Improved understanding of the complicated association between sexual activity,

reproductive hormones and ovulation has the potential to significantly increase our

understanding of couples’ fecundity and the natural history of human ovulation.

Supplementary Material
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Highlights

Ovulation in women is thought to occur spontaneously during each menstrual cycle

Reproductive hormones likely affect sexual activity

However, sexual activity may affect reproductive hormones and ovulation

We examined women with and without a history of sexual activity

Women with a history of sexual activity had higher reproductive hormones

Women with a history of sexual activity had lower odds of anovulatory cycles
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Figure 1.
Average daily sexual intercourse relative to day of expected ovulation among women

sexually active during the study (n= 135)

P<.001 for overall variation in sexual intercourse across the menstrual cycle. Mixed model

analyses took into account repeated measures from the same woman.

P<.05 for the following pairwise comparisons used the Tukey method to account for

multiple comparisons: days -6, -4 and 1 were each different from day -13; day -2 was

different from days -11, -12, -13 and -14; day 0 was different from days -14 and -12.

Average daily sexual intercourse during Mid-Cycle (19.0%) was significantly higher than

the frequency of intercourse during Early Cycle (12.1%, P<.01), but not different from that

during the Late Cycle (16.9%, P=.12).

Prasad et al. Page 15

Horm Behav. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 16

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 B

io
C

yc
le

 s
tu

dy
 p

ar
tic

ip
an

ts
 b

y 
se

xu
al

 a
ct

iv
ity

 c
at

eg
or

y

Se
xu

al
 A

ct
iv

it
y 

C
at

eg
or

y

T
ot

al
 C

oh
or

t
Se

xu
al

ly
 in

ac
ti

ve
N

ot
 s

ex
ua

lly
 a

ct
iv

e 
du

ri
ng

 s
tu

dy
W

ee
kl

y 
or

 le
ss

G
re

at
er

 t
ha

n 
w

ee
kl

y
p-

va
lu

ea

N
um

be
r 

of
 w

om
en

 (
%

)
25

8
59

 (
23

)
64

 (
25

)
71

 (
28

)
64

 (
25

)
--

--
--

D
em

og
ra

ph
ic

s

M
ea

n 
± 

SD

A
ge

, y
rs

27
.3

±
8.

2
21

.7
±

3.
6

27
.5

±
8.

2
29

.2
±

8.
4

30
.1

±
8.

8
<

0.
01

B
M

I,
 k

g/
m

2
24

.1
±

3.
9

23
.5

±
3.

7
25

.5
±

4.
0

23
.5

±
3.

6
23

.8
±

3.
8

<
0.

01

A
ge

 a
t m

en
ar

ch
e,

 y
rs

*
12

.5
±

1.
2

12
.4

±
1.

4
12

.3
±

1.
3

12
.6

±
1.

1
12

.6
±

1.
2

0.
45

M
en

se
s 

le
ng

th
, d

ay
s*

5.
3±

1.
5

5.
3±

1.
3

5.
2±

1.
3

5.
4±

1.
5

5.
5±

1.
9

0.
32

T
ot

al
 b

lo
od

 lo
ss

, g
*

65
.8

±
56

.0
55

.5
±

43
.3

65
.7

±
56

.3
68

.5
±

54
.1

71
.7

±
65

.8
0.

17

St
re

ss
 (

PS
S 

sc
or

e)
b*

20
.2

±
6.

8
20

.4
±

6.
8

19
.8

±
7.

4
21

.5
±

6.
1

18
.9

±
6.

8
0.

14

n 
(%

):

R
ac

e
<

0.
01

 
W

hi
te

15
4 

(6
0)

25
 (

16
)

37
 (

24
)

44
 (

29
)

48
 (

31
)

 
B

la
ck

51
 (

20
)

13
 (

25
)

16
 (

31
)

17
 (

33
)

5 
(1

0)

 
O

th
er

53
 (

20
)

21
 (

40
)

11
 (

21
)

10
 (

19
)

11
 (

21
)

E
du

ca
tio

n
0.

54

 
Po

st
-s

ec
on

da
ry

22
5 

(8
7)

53
 (

24
)

53
 (

24
)

61
 (

27
)

58
 (

26
)

M
ar

ita
l s

ta
tu

s
<

0.
01

 
M

ar
ri

ed
66

 (
26

)
0 

(0
)

8 
(1

2)
25

 (
38

)
33

 (
50

)

Pa
ri

ty
*

<
0.

01

 
Pa

ro
us

66
 (

26
)

0 
(0

)
14

 (
21

)
24

 (
36

)
28

 (
42

)

Sm
ok

in
g

0.
28

 
C

ur
re

nt
 s

m
ok

er
10

 (
4)

0 
(0

)
4 

(4
0)

3 
(3

0)
3 

(3
0)

A
lc

oh
ol

 c
on

su
m

pt
io

nc
0.

02

 
L

ow
18

0 
(7

0)
52

 (
29

)
43

 (
24

)
47

 (
26

)
38

 (
21

)

 
M

od
er

at
e

41
 (

16
)

4 
(1

0)
11

 (
27

)
12

 (
29

)
14

 (
34

)

 
H

ig
h

37
 (

14
)

3 
(8

)
10

 (
27

)
12

 (
32

)
12

 (
32

)

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 17

Se
xu

al
 A

ct
iv

it
y 

C
at

eg
or

y

T
ot

al
 C

oh
or

t
Se

xu
al

ly
 in

ac
ti

ve
N

ot
 s

ex
ua

lly
 a

ct
iv

e 
du

ri
ng

 s
tu

dy
W

ee
kl

y 
or

 le
ss

G
re

at
er

 t
ha

n 
w

ee
kl

y
p-

va
lu

ea

M
ed

ia
n 

(I
Q

R
)

R
ep

ro
du

ct
iv

e 
ho

rm
on

es
, a

ve
ra

ge
d

 
E

2 
(p

g/
m

L
)

83
.2

 (
65

.4
, 1

07
.5

)
76

.2
 (

54
.1

, 9
8.

8)
86

.4
 (

65
.8

, 1
13

.9
)

85
.2

 (
74

.3
, 1

11
.1

)e
85

.1
 (

64
.6

, 9
7.

8)
0.

03

 
M

id
-c

yc
le

 L
H

 (
ng

/m
L

)
10

.3
 (

7.
7,

 1
3.

3)
9.

2 
(6

.2
, 1

1.
9)

11
.3

 (
8.

3,
 1

3.
4)

10
.0

 (
7.

8,
 1

3)
10

.9
 (

8.
2,

 1
4.

6)
e

0.
02

 
FS

H
 (

M
IU

/m
L

)
5.

3 
(4

.5
, 6

.2
)

4.
9 

(4
.1

, 5
.9

)
5.

4 
(4

.5
, 6

.2
)

5.
4 

(4
.9

, 6
.6

)e
5.

4 
(4

.6
, 6

.3
)

0.
04

 
L

ut
ea

l P
ro

ge
st

er
on

e 
(n

g/
m

L
)

5.
3 

(3
.5

, 7
.3

)
4.

5 
(1

.7
, 6

.2
)

5.
8 

(3
.5

, 8
.1

)e
5.

7 
(3

.6
, 8

.1
)e

5.
5 

(4
.4

, 7
.4

)e
<

0.
01

 
T

es
to

st
er

on
e 

(n
g/

dL
)

28
.5

 (
22

.3
, 3

4.
6)

30
.0

 (
23

.5
, 3

5.
7)

28
.9

 (
21

.9
, 3

9.
1)

26
.5

 (
21

.9
, 3

4.
8)

28
.0

 (
21

.9
, 3

2.
3)

0.
28

A
bb

re
vi

at
io

ns
: S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 P
SS

, p
er

ce
iv

ed
 s

tr
es

s 
sc

al
e;

 E
2,

 e
st

ra
di

ol
; L

H
, l

ut
ei

ni
zi

ng
 h

or
m

on
e;

 F
SH

, f
ol

lic
le

-s
tim

ul
at

in
g 

ho
rm

on
e

a P
-v

al
ue

s 
ca

lc
ul

at
ed

 u
si

ng
 F

is
he

r’
s 

ex
ac

t t
es

t o
r 

an
al

ys
is

 o
f 

va
ri

an
ce

 w
he

re
 a

pp
ro

pr
ia

te
.

b Pe
rc

ei
ve

d 
St

re
ss

 S
ca

le
 is

 a
 v

al
id

at
ed

 q
ue

st
io

nn
ai

re
 to

 g
au

ge
 s

tr
es

s 
le

ve
ls

.

c A
lc

oh
ol

 le
ve

ls
: l

ow
 (

≤ 
0.

5 
dr

in
ks

/d
ay

),
 m

od
er

at
e 

(0
.5

 to
 1

 d
ri

nk
s/

da
y)

, h
ig

h 
(≥

1 
dr

in
ks

/d
ay

).

d T
es

tin
g 

pe
rf

or
m

ed
 o

n 
lo

g 
ho

rm
on

e 
m

ea
n,

 th
en

 tr
an

sf
or

m
ed

 b
y 

ex
po

ne
nt

ia
tio

n 
fo

r 
ta

bl
e 

di
sp

la
y.

e Pa
ir

-w
is

e 
co

m
pa

ri
so

n 
of

 m
ea

n 
w

ith
 s

ex
ua

lly
 in

ac
tiv

e 
gr

ou
p 

w
as

 s
ta

tis
tic

al
ly

 s
ig

ni
fi

ca
nt

 (
T

uk
ey

 P
<

0.
05

).
 N

o 
ot

he
r 

pa
ir

-w
is

e 
co

m
pa

ri
so

ns
 o

f 
m

ea
ns

 w
er

e 
st

at
is

tic
al

ly
 s

ig
ni

fi
ca

nt
.

* M
is

si
ng

 v
al

ue
s 

(N
):

 a
ge

 a
t m

en
ar

ch
e 

(3
),

 m
en

se
s 

le
ng

th
 (

7)
, t

ot
al

 b
lo

od
 lo

ss
 (

7)
, s

tr
es

s 
(1

),
 p

ar
ity

 (
5)

.

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 18

T
ab

le
 2

Pe
rc

en
t d

if
fe

re
nc

e 
in

 r
ep

ro
du

ct
iv

e 
ho

rm
on

e 
co

nc
en

tr
at

io
ns

 b
y 

se
xu

al
 a

ct
iv

ity
 c

at
eg

or
y

P
er

ce
nt

 D
if

fe
re

nc
e 

(9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

)

 
H

or
m

on
es

Se
xu

al
ly

 in
ac

ti
ve

N
ot

 s
ex

ua
lly

 a
ct

iv
e 

du
ri

ng
 s

tu
dy

W
ee

kl
y 

or
 le

ss
G

re
at

er
 t

ha
n 

w
ee

kl
y

Se
xu

al
ly

 a
ct

iv
ea

E
2 

(p
g/

m
L

)
U

na
dj

us
te

d
R

ef
er

en
ce

18
 (

7,
 3

0)
20

 (
9,

 3
2)

11
 (

1,
 2

3)
16

 (
7,

 2
6)

A
dj

us
te

d
R

ef
er

en
ce

15
 (

4,
 2

8)
b

16
 (

4,
 2

8)
b

12
 (

1,
 2

5)
15

 (
5,

 2
5)

M
id

-c
yc

le
 L

H
 (

ng
/m

L
)

U
na

dj
us

te
d

R
ef

er
en

ce
20

 (
4,

 3
7)

17
 (

2,
 3

3)
27

 (
11

, 4
6)

21
 (

8,
 3

5)

A
dj

us
te

d
R

ef
er

en
ce

22
 (

5,
 4

1)
b

21
 (

5,
 4

0)
29

 (
11

, 5
0)

b
23

 (
9,

 4
0)

FS
H

 (
m

IU
/m

L
)

U
na

dj
us

te
d

R
ef

er
en

ce
9 

(1
, 1

9)
16

 (
8,

 2
6)

14
 (

5,
 2

4)
13

 (
6,

 2
1)

A
dj

us
te

d
R

ef
er

en
ce

4 
(−

4,
 1

3)
5 

(−
4,

 1
4)

1 
(−

7,
 1

1)
4 

(−
4,

 1
1)

L
ut

ea
l P

ro
ge

st
er

on
e 

(n
g/

m
L

)
U

na
dj

us
te

d
R

ef
er

en
ce

53
 (

24
, 9

0)
56

 (
27

, 9
3)

59
 (

28
, 9

7)
56

 (
31

, 8
6)

A
dj

us
te

d
R

ef
er

en
ce

43
 (

14
, 7

9)
b

39
 (

11
, 7

5)
b

41
 (

11
, 7

8)
b

41
 (

16
, 7

1)

T
es

to
st

er
on

e 
(n

g/
dL

)
U

na
dj

us
te

d
R

ef
er

en
ce

−
4 

(−
13

, 5
)

−
10

 (
−

18
, −

1)
−

9 
(−

18
, 0

)
−

8 
(−

15
, 0

)

A
dj

us
te

d
R

ef
er

en
ce

6 
(−

3,
 1

5)
0 

(−
9,

 9
)

5 
(−

4,
 1

5)
3 

(−
4,

 1
2)

A
bb

re
vi

at
io

ns
: E

2,
 e

st
ra

di
ol

; L
H

, l
ut

ei
ni

zi
ng

 h
or

m
on

e;
 F

SH
, f

ol
lic

le
-s

tim
ul

at
in

g 
ho

rm
on

e;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x 
A

dj
us

te
d 

fo
r 

ag
e,

 r
ac

e,
 B

M
I,

 s
tr

es
s,

 a
nd

 a
lc

oh
ol

 in
ta

ke

a Se
xu

al
ly

 a
ct

iv
e 

in
cl

ud
es

 n
ot

 s
ex

ua
lly

 a
ct

iv
e 

du
ri

ng
 s

tu
dy

, w
ee

kl
y 

or
 le

ss
, a

nd
 g

re
at

er
 th

an
 w

ee
kl

y.

b Pa
ir

-w
is

e 
co

m
pa

ri
so

n 
of

 a
dj

us
te

d 
m

ea
n 

w
ith

 s
ex

ua
lly

 in
ac

tiv
e 

gr
ou

p 
w

as
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 (

T
uk

ey
 P

<
0.

05
).

 N
o 

ot
he

r 
pa

ir
-w

is
e 

co
m

pa
ri

so
ns

 o
f 

ad
ju

st
ed

 m
ea

ns
 w

er
e 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

.

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 19

T
ab

le
 3

Pe
rc

en
t d

if
fe

re
nc

e 
in

 r
ep

ro
du

ct
iv

e 
ho

rm
on

e 
co

nc
en

tr
at

io
ns

 b
y 

se
xu

al
 a

ct
iv

ity
 le

ve
l a

m
on

g 
se

xu
al

ly
 a

ct
iv

e 
w

om
en

P
er

ce
nt

 D
if

fe
re

nc
e 

(9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

)

 
H

or
m

on
es

N
ot

 s
ex

ua
lly

 a
ct

iv
e 

du
ri

ng
 s

tu
dy

W
ee

kl
y 

or
 le

ss
G

re
at

er
 t

ha
n 

w
ee

kl
y

E
2 

(p
g/

m
L

)
U

na
dj

us
te

d
R

ef
er

en
ce

2 
(−

7,
 1

2)
−

5 
(−

14
, 4

)

A
dj

us
te

d
R

ef
er

en
ce

1 
(−

9,
 1

1)
−

3 
(−

12
, 7

)

M
id

-c
yc

le
 L

H
 (

ng
/m

L
)

U
na

dj
us

te
d

R
ef

er
en

ce
−

2 
(−

14
, 1

1)
6 

(−
7,

 2
2)

A
dj

us
te

d
R

ef
er

en
ce

0 
(−

13
, 1

5)
6 

(−
8,

 2
1)

FS
H

 (
m

IU
/m

L
)

U
na

dj
us

te
d

R
ef

er
en

ce
6 

(−
2,

 1
5)

4 
(−

4,
 1

3)

A
dj

us
te

d
R

ef
er

en
ce

1 
(−

7,
 9

)
−

2 
(−

10
, 6

)

L
ut

ea
l P

ro
ge

st
er

on
e 

(n
g/

m
L

)
U

na
dj

us
te

d
R

ef
er

en
ce

2 
(−

15
, 2

3)
3 

(−
14

, 2
4)

A
dj

us
te

d
R

ef
er

en
ce

−
4 

(−
20

, 1
6)

−
3 

(−
20

, 1
7)

T
es

to
st

er
on

e 
(n

g/
dL

)
U

na
dj

us
te

d
R

ef
er

en
ce

−
6 

(−
14

, 3
)

−
5 

(−
14

, 5
)

A
dj

us
te

d
R

ef
er

en
ce

−
5 

(−
12

, 3
)

−
1 

(−
9,

 8
)

A
bb

re
vi

at
io

ns
: E

2,
 e

st
ra

di
ol

; L
H

, l
ut

ei
ni

zi
ng

 h
or

m
on

e;
 F

SH
, f

ol
lic

le
-s

tim
ul

at
in

g 
ho

rm
on

e;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x 
A

dj
us

te
d 

fo
r 

ag
e,

 r
ac

e,
 B

M
I,

 s
tr

es
s,

 a
nd

 a
lc

oh
ol

 in
ta

ke

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 20

T
ab

le
 4

A
ss

oc
ia

tio
n 

be
tw

ee
n 

se
xu

al
 a

ct
iv

ity
 le

ve
l a

nd
 s

po
ra

di
c 

an
ov

ul
at

io
n

A
no

vu
la

to
ry

 c
yc

le
s/

to
ta

l c
yc

le
s 

(%
)

O
dd

s 
R

at
io

 (
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
) 

fo
r 

Sp
or

ad
ic

 A
no

vu
la

ti
on

U
na

dj
us

te
d

A
dj

us
te

d

A
m

on
g 

al
l w

om
en

Se
xu

al
 a

ct
iv

ity
 c

at
eg

or
ya

41
/5

08
 (

8)

 
Se

xu
al

ly
 in

ac
tiv

e
22

/1
17

 (
19

)
R

ef
er

en
ce

R
ef

er
en

ce

 
N

ot
 s

ex
ua

lly
 a

ct
iv

e 
du

ri
ng

 s
tu

dy
7/

12
5 

(6
)

0.
26

 (
0.

10
, 0

.6
5)

0.
38

 (
0.

15
, 0

.9
5)

 
W

ee
kl

y 
or

 le
ss

6/
14

1 
(4

)
0.

19
 (

0.
06

, 0
.5

7)
0.

29
 (

0.
10

, 0
.8

5)

 
G

re
at

er
 th

an
 w

ee
kl

y
6/

12
5 

(5
)

0.
22

 (
0.

08
, 0

.5
8)

0.
34

 (
0.

11
, 1

.0
4)

Se
xu

al
ly

 a
ct

iv
ea

41
/5

08
 (

8)

 
Se

xu
al

ly
 in

ac
tiv

e
22

/1
17

 (
19

)
R

ef
er

en
ce

R
ef

er
en

ce

 
Se

xu
al

ly
 a

ct
iv

e
19

/3
91

 (
5)

0.
22

 (
0.

11
, 0

.4
6)

0.
34

 (
0.

16
, 0

.7
3)

Se
xu

al
 a

ct
iv

ity
 p

ri
or

 to
 th

e 
da

y 
of

 e
xp

ec
te

d 
ov

ul
at

io
nb

39
/5

06
 (

8)

 
N

o 
se

xu
al

 in
te

rc
ou

rs
e

32
/2

98
 (

11
)

R
ef

er
en

ce
R

ef
er

en
ce

 
A

ny
 s

ex
ua

l i
nt

er
co

ur
se

7/
20

8 
(3

)
0.

29
 (

0.
12

, 0
.6

7)
0.

37
 (

0.
15

, 0
.9

3)

A
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en

Se
xu

al
 a

ct
iv

ity
 c

at
eg

or
ya

19
/3

91
 (

5)

 
N

ot
 s

ex
ua

lly
 a

ct
iv

e 
du

ri
ng

 s
tu

dy
7/

12
5 

(6
)

R
ef

er
en

ce
R

ef
er

en
ce

 
W

ee
kl

y 
or

 le
ss

6/
14

1 
(4

)
0.

75
 (

0.
23

, 2
.4

6)
0.

88
 (

0.
28

, 2
.7

5)

 
G

re
at

er
 th

an
 w

ee
kl

y
6/

12
5 

(4
)

0.
85

 (
0.

28
, 2

.5
5)

1.
05

 (
0.

30
, 3

.6
5)

Se
xu

al
 a

ct
iv

ity
 p

ri
or

 to
 th

e 
da

y 
of

 e
xp

ec
te

d 
ov

ul
at

io
nb

19
/3

90
 (

5)

 
N

o 
se

xu
al

 in
te

rc
ou

rs
e

11
/1

82
 (

6)
R

ef
er

en
ce

R
ef

er
en

ce

 
A

ny
 s

ex
ua

l i
nt

er
co

ur
se

7/
20

8 
(3

)
0.

54
 (

0.
22

, 1
.3

4)
0.

65
 (

0.
22

, 1
.9

0)

FS
H

, f
ol

lic
le

-s
tim

ul
at

in
g 

ho
rm

on
e;

 L
H

, l
ut

ei
ni

zi
ng

 h
or

m
on

e;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 E

2,
 e

st
ra

di
ol

 A
dj

us
te

d 
fo

r 
ag

e,
 r

ac
e,

 B
M

I,
 s

tr
es

s,
 a

nd
 a

lc
oh

ol
 in

ta
ke

a Se
xu

al
ly

 a
ct

iv
e 

in
cl

ud
es

 n
ot

 s
ex

ua
lly

 a
ct

iv
e 

du
ri

ng
 s

tu
dy

, w
ee

kl
y 

or
 le

ss
, a

nd
 g

re
at

er
 th

an
 w

ee
kl

y.
 A

m
on

g 
al

l w
om

en
, 5

08
 c

yc
le

s 
w

er
e 

av
ai

la
bl

e 
fo

r 
an

al
ys

is
 a

ft
er

 e
xc

lu
di

ng
 1

 a
no

vu
la

to
ry

 c
yc

le
 w

ith
m

is
si

ng
 in

fo
rm

at
io

n 
on

 s
ex

ua
l a

ct
iv

ity
 le

ve
l, 

an
 a

dd
iti

on
al

 2
 o

vu
la

to
ry

 c
yc

le
s 

w
er

e 
ex

cl
ud

ed
 f

ro
m

 th
e 

ad
ju

st
ed

 m
od

el
s 

du
e 

to
 m

is
si

ng
 p

er
ce

iv
ed

 s
tr

es
s 

sc
al

e 
sc

or
e;

 a
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en
, 3

91
 c

yc
le

s
w

er
e 

av
ai

la
bl

e 
fo

r 
bo

th
 th

e 
un

ad
ju

st
ed

 a
nd

 a
dj

us
te

d 
m

od
el

s.

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 21
b Se

xu
al

 a
ct

iv
ity

 w
as

 c
yc

le
-s

pe
ci

fi
c.

 A
m

on
g 

al
l w

om
en

, 5
06

 c
yc

le
s 

w
er

e 
av

ai
la

bl
e 

fo
r 

an
al

ys
is

 a
ft

er
 e

xc
lu

di
ng

 3
 a

no
vu

la
to

ry
 c

yc
le

s 
w

ith
 m

is
si

ng
 in

fo
rm

at
io

n 
on

 s
ex

ua
l i

nt
er

co
ur

se
 le

ad
in

g 
up

 to
 o

vu
la

tio
n,

an
 a

dd
iti

on
al

 2
 o

vu
la

to
ry

 c
yc

le
s 

w
er

e 
ex

cl
ud

ed
 f

ro
m

 th
e 

ad
ju

st
ed

 m
od

el
s 

du
e 

to
 m

is
si

ng
 p

er
ce

iv
ed

 s
tr

es
s 

sc
al

e 
sc

or
e;

 a
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en
, 3

90
 c

yc
le

s 
w

er
e 

av
ai

la
bl

e 
fo

r 
bo

th
 th

e 
un

ad
ju

st
ed

 a
nd

ad
ju

st
ed

 m
od

el
s.

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 22

T
ab

le
 5

A
ss

oc
ia

tio
n 

be
tw

ee
n 

pr
ev

io
us

-d
ay

 a
nd

 s
am

e-
da

y 
se

xu
al

 in
te

rc
ou

rs
e 

an
d 

re
pr

od
uc

tiv
e 

ho
rm

on
e 

co
nc

en
tr

at
io

ns

P
er

ce
nt

 D
if

fe
re

nc
e 

(9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

)

 
H

or
m

on
es

A
m

on
g 

al
l w

om
en

 in
 s

tu
dy

A
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en

P
re

vi
ou

s-
da

y 
se

xu
al

 in
te

rc
ou

rs
e

A
ny

 v
s.

 N
on

e
Sa

m
e-

da
y 

se
xu

al
 in

te
rc

ou
rs

e 
A

ny
vs

. N
on

e
P

re
vi

ou
s-

da
y 

se
xu

al
 in

te
rc

ou
rs

e
A

ny
 v

s.
 N

on
e

Sa
m

e-
da

y 
se

xu
al

 in
te

rc
ou

rs
e

A
ny

 v
s.

 N
on

e

E
2 

(p
g/

m
L

)
U

na
dj

us
te

d
5 

(−
3,

 1
4)

13
 (

4,
 2

4)
3 

(−
5,

 1
2)

12
 (

3,
 2

3)

A
dj

us
te

d 
I

5 
(−

3,
 1

4)
14

 (
4,

 2
4)

4 
(−

4,
 1

3)
13

 (
3,

 2
3)

A
dj

us
te

d 
II

4 
(−

4,
 1

3)
15

 (
5,

 2
7)

3 
(−

5,
 1

2)
14

 (
4,

 2
6)

M
id

-c
yc

le
 L

H
 (

ng
/m

L
)

U
na

dj
us

te
d

11
 (

−
5,

 2
8)

13
 (

−
3,

 3
2)

7 
(−

8,
 2

5)
9 

(−
7,

 2
8)

A
dj

us
te

d 
I

9 
(−

7,
 2

6)
11

 (
−

5,
 3

0)
6 

(−
9,

 2
3)

8 
(−

8,
 2

7)

A
dj

us
te

d 
II

10
 (

−
5,

 2
6)

13
 (

−
7,

 3
7)

7 
(−

7,
 2

3)
10

 (
−

10
, 3

3)

FS
H

 (
m

IU
/m

L
)

U
na

dj
us

te
d

2 
(−

4,
 8

)
6 

(−
1,

 1
3)

1 
(−

5,
 8

)
5 

(−
2,

 1
2)

A
dj

us
te

d 
I

0 
(−

5,
 6

)
4 

(−
2,

 1
2)

0 
(−

6,
 6

)
4 

(−
2,

 1
1)

A
dj

us
te

d 
II

1 
(−

5,
 8

)
4 

(−
3,

 1
1)

1 
(−

5,
 8

)
4 

(−
3,

 1
1)

L
ut

ea
l P

ro
ge

st
er

on
e(

ng
/m

L
)

U
na

dj
us

te
d

−
3 

(−
23

, 2
2)

−
14

 (
−

34
, 1

3)
−

7 
(−

25
, 1

5)
−

19
 (

−
38

, 5
)

A
dj

us
te

d 
I

−
9 

(−
27

, 1
5)

−
16

 (
−

36
, 9

)
−

11
 (

−
28

, 1
0)

−
20

 (
−

38
, 4

)

A
dj

us
te

d 
II

−
9 

(−
29

, 1
6)

−
9 

(−
30

, 1
7)

−
12

 (
−

31
, 1

1)
−

15
 (

−
33

, 8
)

T
es

to
st

er
on

e 
(n

g/
dL

)
U

na
dj

us
te

d
1 

(−
1,

 4
)

6 
(3

, 9
)

1 
(−

1,
 4

)
6 

(3
, 9

)

A
dj

us
te

d 
I

1 
(−

1,
 4

)
6 

(3
, 9

)
1 

(−
1,

 4
)

6 
(3

, 9
)

A
dj

us
te

d 
II

2 
(−

1,
 4

)
8 

(4
, 1

1)
1 

(−
1,

 4
)

8 
(4

, 1
1)

FS
H

, f
ol

lic
le

-s
tim

ul
at

in
g 

ho
rm

on
e;

 L
H

, l
ut

ei
ni

zi
ng

 h
or

m
on

e;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 E

2,
 e

st
ra

di
ol

A
dj

us
te

d 
I:

 a
ge

, r
ac

e,
 B

M
I,

 s
tr

es
s,

 a
nd

 a
lc

oh
ol

 in
ta

ke
; A

dj
us

te
d 

II
: a

ge
, r

ac
e,

 B
M

I,
 s

tr
es

s,
 a

lc
oh

ol
 in

ta
ke

 a
nd

 p
re

vi
ou

s 
re

pr
od

uc
tiv

e 
ho

rm
on

es
 u

si
ng

 in
ve

rs
e 

pr
ob

ab
ili

ty
 o

f 
ex

po
su

re
 w

ei
gh

ts

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 23

T
ab

le
 6

A
ss

oc
ia

tio
n 

be
tw

ee
n 

A
) 

pr
ev

io
us

-d
ay

 h
or

m
on

e 
co

nc
en

tr
at

io
ns

 a
nd

 s
ex

ua
l i

nt
er

co
ur

se
 a

nd
 B

) 
an

ov
ul

at
io

n 
in

 f
ir

st
 s

tu
dy

 c
yc

le
 a

nd
 s

ex
ua

l a
ct

iv
ity

 le
ve

l i
n

se
co

nd
 s

tu
dy

 c
yc

le

A
)

O
dd

s 
R

at
io

 (
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
)

pe
r 

lo
g 

in
cr

ea
se

 in
 p

re
vi

ou
s-

da
y 

ho
rm

on
e 

co
nc

en
tr

at
io

n

 
Se

xu
al

 in
te

rc
ou

rs
e 

(a
ny

 v
s.

 n
on

e)
E

2 
(p

g/
m

L
)

M
id

-c
yc

le
 L

H
 (

ng
/m

L
)

F
SH

 (
m

IU
/m

L
)

L
ut

ea
l P

ro
ge

st
er

on
e(

ng
/m

L
)

T
es

to
st

er
on

e 
(n

g/
dL

)

A
m

on
g 

al
l w

om
en

U
na

dj
us

te
d

1.
11

 (
0.

95
, 1

.3
0)

1.
29

 (
1.

05
, 1

.5
9)

1.
26

 (
0.

98
, 1

.6
2)

1.
15

 (
0.

95
, 1

.4
0)

0.
93

 (
0.

62
, 1

.4
0)

A
dj

us
te

d 
I

1.
15

 (
0.

99
, 1

.3
4)

1.
28

 (
1.

04
, 1

.5
7)

1.
13

 (
0.

88
, 1

.4
6)

1.
13

 (
0.

91
, 1

.3
9)

1.
21

 (
0.

78
, 1

.8
7)

A
dj

us
te

d 
II

1.
12

 (
0.

96
, 1

.3
0)

1.
28

 (
1.

04
, 1

.5
8)

1.
13

 (
0.

88
, 1

.4
4)

1.
16

 (
0.

94
, 1

.4
2)

1.
17

 (
0.

76
, 1

.8
0)

A
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en
a

U
na

dj
us

te
d

1.
06

 (
0.

91
, 1

.2
3)

1.
23

 (
1.

00
, 1

.5
2)

1.
16

 (
0.

91
, 1

.4
9)

1.
07

 (
0.

87
, 1

.3
0)

1.
04

 (
0.

70
, 1

.5
4)

A
dj

us
te

d 
I

1.
10

 (
0.

94
, 1

.2
8)

1.
23

 (
1.

00
, 1

.5
2)

1.
13

 (
0.

88
, 1

.4
6)

1.
06

 (
0.

86
, 1

.3
1)

1.
09

 (
0.

71
, 1

.6
7)

A
dj

us
te

d 
II

1.
08

 (
0.

92
, 1

.2
6)

1.
23

 (
1.

00
, 1

.5
2)

1.
13

 (
0.

88
, 1

.4
5)

1.
09

 (
0.

89
, 1

.3
5)

1.
05

 (
0.

69
, 1

.6
0)

B
)

O
dd

s 
R

at
io

 (
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
)

A
no

vu
la

ti
on

 in
 f

ir
st

 s
tu

dy
 c

yc
le

 
Se

xu
al

 a
ct

iv
it

y 
le

ve
l i

n 
se

co
nd

 s
tu

dy
 c

yc
le

O
vu

la
ti

on
A

no
vu

la
ti

on

A
m

on
g 

al
l w

om
en

G
re

at
er

 th
an

 w
ee

kl
y/

al
l c

yc
le

s 
(%

)b
65

/2
48

 (
26

)
63

/2
28

 (
28

)
2/

20
 (

10
)

U
na

dj
us

te
d

R
ef

er
en

ce
0.

29
 (

0.
07

, 1
.2

9)

A
dj

us
te

d 
I

R
ef

er
en

ce
0.

36
 (

0.
09

, 1
.3

6)

A
m

on
g 

se
xu

al
ly

 a
ct

iv
e 

w
om

en

G
re

at
er

 th
an

 w
ee

kl
y/

al
l c

yc
le

s 
(%

)c
65

/1
92

 (
34

)
63

/1
85

 (
34

)
2/

7 
(3

)

U
na

dj
us

te
d

R
ef

er
en

ce
0.

77
 (

0.
15

, 4
.1

1)

A
dj

us
te

d 
I

R
ef

er
en

ce
0.

82
 (

0.
19

, 3
.4

6)

FS
H

, f
ol

lic
le

-s
tim

ul
at

in
g 

ho
rm

on
e;

 L
H

, l
ut

ei
ni

zi
ng

 h
or

m
on

e;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 E

2,
 e

st
ra

di
ol

A
dj

us
te

d 
I:

 a
ge

, r
ac

e,
 B

M
I,

 p
er

ce
iv

ed
 s

tr
es

s 
le

ve
l, 

an
d 

al
co

ho
l i

nt
ak

e;
 A

dj
us

te
d 

II
: a

ge
, r

ac
e,

 B
M

I,
 s

tr
es

s,
 a

lc
oh

ol
 in

ta
ke

 a
nd

 p
re

vi
ou

s 
se

xu
al

 a
ct

iv
ity

 le
ve

l u
si

ng
 in

ve
rs

e 
pr

ob
ab

ili
ty

 o
f 

ex
po

su
re

 w
ei

gh
ts

a Se
xu

al
ly

 a
ct

iv
e 

in
cl

ud
es

 n
ot

 s
ex

ua
lly

 a
ct

iv
e 

du
ri

ng
 s

tu
dy

, w
ee

kl
y 

or
 le

ss
, a

nd
 g

re
at

er
 th

an
 w

ee
kl

y.

b A
m

on
g 

al
l w

om
en

, 2
48

 s
ec

on
d 

cy
cl

es
 w

er
e 

av
ai

la
bl

e 
fo

r 
an

al
ys

is
 e

xc
lu

di
ng

 2
 s

ec
on

d 
cy

cl
es

 m
is

si
ng

 s
ex

ua
l a

ct
iv

ity
 le

ve
l, 

an
 a

dd
iti

on
al

 c
yc

le
 (

w
ith

 le
ss

 th
an

 w
ee

kl
y 

se
xu

al
 a

ct
iv

ity
) 

w
as

 e
xc

lu
de

d 
in

 th
e

ad
ju

st
ed

 a
na

ly
si

s 
du

e 
to

 m
is

si
ng

 in
fo

rm
at

io
n 

on
 s

tr
es

s.

Horm Behav. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Prasad et al. Page 24
c A

m
on

g 
se

xu
al

ly
 a

ct
iv

e 
w

om
en

, 1
92

 s
ec

on
d 

cy
cl

es
 w

er
e 

av
ai

la
bl

e 
fo

r 
un

ad
ju

st
ed

 a
nd

 a
dj

us
te

d 
an

al
ys

es
.

Horm Behav. Author manuscript; available in PMC 2015 July 01.


