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Context: Arole of lipids in human fecundity is hypothesized as cholesterol is the main substrate for
steroid synthesis and has also been shown to affect the hormonal milieu and steroidogenesis in
both men and women.

Objective: The objective of the study was to evaluate the association between male and female
serum lipid concentrations and time to pregnancy (TTP).

Design/Setting: A population-based prospective cohort study recruiting couples from 16 counties
in Michigan and Texas (2005-2009) using sampling frameworks allowing for identification of
couples planning pregnancy in the near future.
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Participants: Five hundred one couples desiring pregnancy and discontinuing contraception were
followed up for 12 months or until an human chorionic gonadotropin pregnancy was detected.

Main Outcome and Measures: Fecundability odds ratios (FORs) and 95% confidence intervals (Cls)
were estimated after adjusting for age, body mass index, race, and education in relationship to
female, male, and joint couple lipid concentrations.
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Results: Serum free cholesterol levels were higher on average among male and female partners of
couples who did not became pregnant during the study follow-up (female, P = .04; male, P = .009),
and levelsin female partners were associated with significantly longer TTP in models based on both
individual and couples concentrations (individual models: FOR 0.98, 95% Cl 0.97, 0.99; couple models:
FOR 0.98, 95% C10.97, 0.99). Male free cholesterol concentrations were associated with TTP only in the
couple-based models (FOR 0.98, 95% Cl 0.97, 0.99). Sensitivity analyses suggested that the observed
associations are unlikely to be explained by potential unmeasured confounding such as diet.

Conclusions: Our results suggest that serum free cholesterol concentrations in both men and
women have an effect on TTP, highlighting the importance of cholesterol and lipid homeostasis
for male and female fecundity. (J Clin Endocrinol Metab 99: 0000-0000, 2014)

of lipids in human fecundity is also hypothesized
because cholesterol is the main substrate for steroid syn-
thesis (1) and has also been shown to affect the hor-

The worldwide obesity epidemic is accompanied by
an increasing prevalence of dyslipidemia in adults,
which in turn is associated with multiple disorders
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such as diabetes, polycystic ovary syndrome, metabolic
syndrome, cancer, and cardiovascular disease. A role
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monal milieu and steroidogenesis in both men and
women (2).

Abbreviations: BMI, body massindex; FOR, fecundability odds ratio; Cl, confidence interval;
hCG, human chorionic gonadotropin; HDL, high-density lipoprotein; LIFE, Longitudinal
Investigation of Fertility and the Environment; LXR, liver X receptor; TTP, time to pregnancy.
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There is a considerable body of literature supporting a
role for lipids in male and female fecundity (3—-12) because
higher high-density lipoprotein (HDL) concentrations
have been associated with better oocyte and embryo out-
comes (4, 13) as well as effects on spermatogenesis (2).
However, we are unaware of any research that has eval-
uated serum lipid profiles in relation to couple fecundity,
as measured by time to pregnancy (TTP) independent of
body mass index (BMI). This couple-based measure re-
quires each partner of the couple to be fecund or biolog-
ically capable of reproduction. Indirect evidence in sup-
portof arelationship between serum lipids and TTP comes
from research that reports a negative relation between
partners’ BMI and TTP (14-20). These findings also have
been corroborated among couples undergoing assisted re-
productive technologies (21-26). To our knowledge, the
interplay between serum lipids, couples’ BMIs, and TTP
has never been investigated and serves as the impetus for
study. We used the recently completed Longitudinal In-
vestigation of Fertility and the Environment (LIFE) study
to address this data gap, particularly in light of a growing
percentage of reproductive-age couples who are over-
weight or obese yet desirous of pregnancy.

Materials and Methods

Design and study population

The LIFE study is a prospective cohort study designed to
investigate environmental influences on human fecundity and
fertility, and its design and methods have been previously de-
scribed (27). In brief, 501 couples discontinuing contraception
for the purposes of becoming pregnant were recruited from 16
counties in Michigan and Texas between 2005 and 2009 using
sampling frameworks tailored for each state, allowing for the
identification of couples planning pregnancy in the near future.
Eligible couples were followed up for 12 months or untila human
chorionic gonadotropin (hCG) pregnancy. Inclusion criteria in-
cluded the following: female aged 18—-44 years and male aged
18+ years who were in a committed relationship; an ability to
communicate in English or Spanish; the female partner had men-
strual cycles between 21 and 42 days and with no injectable
hormonal contraception within the past year; and neither part-
ner was surgically or medically sterile. Two percent (n = 1188)
of the 51 715 individuals screened met the minimal eligibility
criteria, of which 501 (42%) enrolled. Full human subjects’ ap-
proval was granted prior to obtaining informed consent from all
couples.

Data collection

Upon enrollment, in-person interviews were conducted sep-
arately with each partner to ascertain health, demographic, and
reproductive histories as well as physical activity and medication
and supplement use. Couples completed daily journals while
attempting to become pregnant until an hCG pregnancy or 12
months of trying to capture lifestyle behaviors relevant to fecun-
dity, sexual intercourse, medication use (including lipid lowering
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drugs), and menstruation and pregnancy test results for female
participants. To maximize all couples’ fecundity, female partners
were instructed in the use of the commercially available Clear-
blue Easy fertility monitors. Daily levels of estrone-3-glucoro-
nide and LH were tracked commencing on day 6 of the cycle and
up to 20 days thereafter. Monitors indicated low, high, or peak
fertility, as determined by the ratio of estrone-3-glucoronide and
LH, with peak indicative of impending ovulation. Women also
were trained in the use of the digital Clearblue Easy home preg-
nancy for detecting hCG pregnancy, and all women’s urine sam-
ples were tested prior to enrollment to ensure the absence of
pregnancy. The fertility monitor is 99% accurate for detecting
the LH surge and 91 % accurate for peak fertility when compared
with the gold standard of ultrasonography (28). For both part-
ners of the couple, the nurse obtained nonfasting blood (~2 mL)
for the quantification of serum lipids and cotinine. Samples were
immediately transported to the laboratory, centrifuged, and ali-
quoted. Samples were frozen at —20°C or colder until shipment
on ice to the study’s laboratory for analysis of serum lipids. Each
partner of the couple was remunerated $75 for complete partic-
ipation in the study.

Laboratory analysis

All assays were quantified using the Hitachi model 912 clin-
ical analyzer at the Centers for Disease Control and Prevention
laboratory. Samples collected for analysis were stored frozen and
thawed only once for lipid analysis. Total cholesterol was ana-
lyzed with the Roche Cholesterol/HP method (Roche Diagnos-
tics), an enzymatic colorimetric determination using cholesterol
esterase and cholesterol oxidase. Free cholesterol used the Wako
Free Cholesterol C method (Wako Chemicals USA, Inc), an en-
zymatic colorimetric assay, which uses cholesterol oxidase and
peroxidase but omits cholesterol esterase. Triglycerides were an-
alyzed with the Roche triglycerides/GPO method without blank-
ing, and phospholipids were measured by using the Wako Phos-
pholipids B enzymatic colorimetric method. The Wako
phospholipids method uses phospholipase D and choline oxi-
dase for the analysis, so it measures specifically the major cho-
line-containing phospholipids including lecithin, lysolecithin,
and sphingomyelin (29). Serum levels of cotinine were quantified
using liquid chromatography-isotope dilution tandem mass
spectrometry (30) for the assessment of baseline exposure to
smoking with cut points based on previous literature (31, 32). All
analyses were subjected to standard quality assurance proce-
dures, and all reported results were from runs found to be in
control by standard statistical methods. The serum pools for the
lipid analysis have remained stable for more than 20 years, sug-
gesting reliable testing of lipid parameter in frozen samples.

Statistical analysis

All data were entered into a web-based data management
system capable of handling the study’s hierarchical data struc-
ture stemming from prospective longitudinal data collection at
the partner, cycle, and day level. Descriptive analysis included
the inspection of missing data and influential observations. A
menstrual cycle was defined as the interval between the onset of
bleeding in one cycle as reported in the daily journal with at least
2 days of bleeding with increased intensity to the onset of the next
similar bleeding episode using longitudinally collected data from
the daily journal and fertility monitors. This definition excluded
any episodic noncyclic bleeding, largely using data from fer-
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tility monitors that capture the onset of menses when the
woman first begins to test her urine. Pregnancy was defined as
a positive test on the day of expected menstruation. The TTP
was the number of menstrual cycles to a positive pregnancy
test or censoring.

The study cohort was assessed by select characteristics for
each partner and quartiles of free cholesterol. Differences in
characteristics between quartiles of free cholesterol were as-
sessed using an ANOVA and a Fisher’s exact test, where appro-
priate. The distribution of individual lipid concentrations for
both partners were compared by pregnancy status (pregnant, not
pregnant, no observed pregnancy at the time of censoring), with
differences assessed using an ANOVA.

Cox models for discrete left truncated survival time (33) to
account for time off contraception prior to enrollment were used
to estimate the fecundability odds ratio (FOR) and 95% confi-
dence intervals (Cls), using SAS proportional odds model in SAS
software (SAS version 9.2; SAS Institute, Inc). All significance
was assessed using an « level of .05. FORs estimate the odds of
becoming pregnant each cycle, given preconception baseline
lipid concentrations conditional on not being pregnant in the
previous cycle. FORs less than 1 denote a reduction in fecundity
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or a longer TTP, and FORs greater than 1 denote a shorter TTP.
Models were first run for female and male concentrations mod-
eled individually and then jointly with both partners’ lipid con-
centrations included, in keeping with the couple-dependent na-
ture of pregnancy. The Pearson’s correlation was p = 0.09
between male and female total cholesterol and p = 0.23 between
male and female free cholesterol, easing concerns about col-
linearity. Based on an a priori biological literature review, we
used a directed acyclic graph to find the minimal set of con-
founders for model adjustment. Models were adjusted for male
and female age (years), BMI (kilograms per square meter), race
(non-Hispanic white, non-Hispanic black, Hispanic, other), and
education (<high school/equivalent, some college or technical
school, college graduate, or higher) (8, 14, 34, 35).

Couples who withdrew from the study before achieving preg-
nancy, largely as a result in a change in pregnancy intention, or
who were not pregnant after 12 months of trying were censored
in all analyses (n = 114) (27). Models were also adjusted for fish
consumption (as a proxy for dietary intake), past use of oral con-
traception (before baseline), menstrual regularity, physical activity,
and use of lipid-lowering drugs (any report on the prospectively
ascertained daily journal of taking medications including lipid low-

Table 1.
Male and Female Partners, LIFE Study, 2005-2009

Sociodemographic Description of Study Cohort by Quartile of Serum Free Cholesterol Concentrations for

Females Free Cholesterol, mg/dL

Males Free Cholesterol mg/dL

Q1, Q2, Q3, Q4, P Q1, Q2, Q3, Q4, P

Characteristics, n, % Overall <39 39-45 46-51 >51 Value Overall <42 42-49 49-57 >57 Value
Age, y, mean (SD) 30.0(4.1) 29.6(3.9) 29.2(3.8) 29.7(42) 31.2(43) .0005 31.8(49) 30.8(4.6) 31(4.5) 32.1(5.1)  33.1(5.1) .0008
Age at menarche, y, mean (SD) 12.6 (1.6) 12.5(1.4) 125(1.6) 12.7(1.6) 125(1.6) .79 N/A
BMI, kg/mz, mean (SD) 27.6(7.3) 25.3(56) 26.8(6.7) 28(8.1) 29.9(7.7)  <.0001 29.8(5.6) 283(54) 299(.2) 299(53) 309(5.1) .004
Race/ethnicity

Non-Hispanic white 385 (79) 79 (77) 105 (78) 96 (79) 105 (81) 71 384 (78) 99 (84) 84 (74) 107 (83) 94 (72) .07

Non-Hispanic black 24 (5) 3(3) 10 (7) 8(7) 3(2) 23 (5) 5(4) 8(7) 3(2) 7 (5)

Hispanic 47 (10) 12(12) 11(8) 11(9) 13 (10) 45 (9) 3(3) 13(11) 10 (8) 19 (15)

Other 33(7) 8(8) 9(7) 7(6) 9(7) 39 (8) 119 9(8) 9(7) 10 (8)
Education

Less than high school/equivalent 30 (6) 6 (6) 9(7) 10 (8) 5 ( .08 47 (10) 9(8) 7 (6) 14(11) 17 (13) .05

Some college or technical school 92 (19) 9(9) 30(22) 23(19) 30(23) 141 (29) 24 (20) 33(29) 46 (3 38(29)

College graduate or higher 367 (75) 87 (85) 96 (71) 89 (73) 95 (73) 303 (62) 85(72) 74 (65) 69 (53) 75 (58)
Household income, $

<29999 27 (6) 4(4) 7 (5) 9(7) 7 (5) 46 22 (4) 7 (6) 4(4) 4(3) 7 (5) .56

30 000 to 49 999 64 (13) 12(12) 18 (13) 16 (13) 18 (14) 53(11) 13(11) 12(11) 16 (12) 12 (9)

50 000 to 69 999 67 (14) 1101) 27 (20) 12 (10) 17 (13) 90 (18) 15(13) 18 (16) 27 (21) 30 (23)

=70 000 331 (68) 75 (74) 83 (61) 85 (70) 88 (68) 326 (66) 83 (70) 80 (70) 82 (64) 81 (62)
Health insurance 446 (92) 95 (93) 124 (93) 110 (90) 117 (91) .85 446 (91) 109 (92) 102 (90) 118(92) 117 (91) 92
Cotinine, ng/mL

No exposure (0, 9.99) 426 (88) 95 (94) 120 (90) 103 (86) 108 (83) .20 384 (78) 100 (85) 91 (80) 104 (81) 89 (68) .08

Passive smoking (10, 99.99) 24 (5) 3(3) 5(4) 8(7) 8(6) 22 (4) 4(3) 7 (6) 4(3) 7 (5)

Active smoking (100, 299.99) 27 (6) 3(3) 8 (6) 6 (5) 10(8) 449 8(7) 6 (5) 12 (9) 18 (14)

Heavy smoking (300, 595.31) 7(1) 0(0) 0(0) 3(3) 4(3) 40 (8) 5 (4) 10(9) 9(7) 16 (12)
Baseline alcohol

Less than once per month 52 (14) 10(13) 16 (15) 13(15) 13(13) 78 29(7) 7(7) 5(5) 5(5) 12(11) 49

Once per month 72 (20) 14 (18) 23(22) 16 (18) 19 (20) 39(9) 10 (10) 10 (10) 10(9) 9(8)

2-3 d/mo 88 (24) 18 (24) 22 (21) 22 (25) 26 (27) 80 (19) 17(17) 19 (19) 23(21) 21(19)

Once a week 69 (19) 16 (21) 19 (18) 12 (14) 22 (23) 104 (25) 21(21) 26 (27) 36 (33) 21(19)

2-3 times per week 74 (20) 15 (20) 20(19) 23 (26) 16 (16) 127 (30) 39 (38) 26 (27) 28 (25) 34 (31)

4-6 times per week 7(2) 3(4) 3(3) 0 (0) 101 28(7) 4 (4) 8(8) 7 (6) 9(8)

Every day 3(N 0(0) 2(2) (1N 0( 12(3) 4(4) 4(4) 1(1) 3(3)
Vigorous exercise program during 195 (40) 41 (40) 51(38) 61 (50) 42 (32) .04 207 (42) 57 (48) 51 (45) 56 (43) 43 (33) .09

the last 12 mo

Lipid-lowering drugs 0(0) 0(0) 0(0) 0(0) 0(0) N/A 18 (4) 7 (6) 5 (4) 5(4) (1) 17
Parity (number of live births)

0 257 (53) 49 (49) 71 (53) 68 (56) 69 (53) 77

1 158 (33) 35 (35) 40 (30) 40 (33 43 (33)

2+ 71 (15) 17 (17) 23(17) 13 (11) 18 (14)
Menstrual regularity

Regular 408 (83) 79 (77) 114 (84) 104 (85) 111(85) .02

Not regular 37 (8) 16 (16) 10(7) 7 (6) 4(3)

Varies 44 (9) 7(7) 11(8) 11(9) 15(12)

Abbreviations: N/A, not available; Q, quartile.
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ering drug during the study follow-up), although adjustment for
these factors did not appreciably change the results and were not
included in the final models for parsimony.

A sensitivity analysis was conducted to evaluate the possible
impact of unmeasured confounding by diet (eg, fiber, fat, or red
meat intake) in estimating the association between serum lipids
and TTP. Fiber and red meat intake were considered as potential
unmeasured confounders because their dietary intake is strongly
correlated with lipid concentrations and associated with hor-
mone levels in premenopausal women that may influence TTP
(36-40). However, although we focus here on potential dietary
factors, this could represent any unmeasured factor. As such, we
simulated a wide range of situations such as a variable for a range
of correlations between the unmeasured factor and TTP (from
half to double the observed effect of lipids on TTP) and between
the unmeasured factor and lipids (p = 0 to p = .9) to represent
mild to severe potential confounding. We compared the results
of our final adjusted models with models adjusted for this sim-
ulated dietary factor.

Results

The LIFE study cohort comprised 501 couples of whom 347
(69%) achieved pregnancy, whereas 54 (11%) did not and
100 (20%) withdrew at some point from the study. Mean age
of male and female partners was 31.8 = 4.9 and 30.0 = 4.1
years, respectively, and most were college-educated non-His-
panic white couples. Age was significantly associated with
free cholesterol levels for both men and women (Table 1).
Lipids were quantified for 491 male (98.0%) and 489 fe-
males (97.6%), with no differences in various characteristics
by availability of blood (data not shown). The main reason
for the absence of serum was insufficient volume after the
analysis of environmental chemicals such as polychlorinated
biphenyls. There was a higher percentage of Hispanic men in
the upper quartile of free cholesterol levels as compared with
all other quartiles. Mean BMI increased across free choles-
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terol quartiles among both men and women, and a higher
percentage of men and women reported vigorous exercise in
the lower quartiles of free cholesterol. No women in the study
were taking lipid-lowering drugs, and no differences in in-
take were observed across quartiles of free cholesterol in
men. A greater percentage of women reporting a history of
irregular than regular menstrual cycles was observed in the
highest quartile of free cholesterol.

Couple-specific select serum lipid components were as-
sociated with pregnancy status. Free cholesterol levels in
men and women were significantly higher among couples
who did not become pregnant in comparison with those
becoming pregnant (Table 2). In addition, the male but not
female total cholesterol levels also were associated with
the absence of pregnancy.

FORs were reduced, indicative of a longer time to preg-
nancy, for each of the five lipid components when mod-
eling female serum lipids individually (Table 3). However,
only free cholesterol and total lipids remained significant
after adjustment for relevant covariates (FOR 0.983;95%
Cls 0.969, 0.997, and 0.999; 95% CIs 0.998, 1.000, re-
spectively). No significant FORs were observed for male
serum lipid components and TTP. When both partners’
concentrations were jointly modeled, four of five lipid
components quantified in women were associated with
FORs less than 1, indicative of a longer TTP. Only free
cholesterol remained significant after adjustment (FOR
0.984; 95% ClIs 0.970, 0.994). Of note is a significant
association for male free cholesterol and TTP as well (FOR
0.984; 95% ClIs 0.970, 0.999) for couple-based models.

Our sensitivity analysis demonstrated that an unmea-
sured factor would need to have twice as large an effect as
the observed association with lipids and be very highly
correlated with lipids (p = .6 or larger) to completely ex-

Table 2. Distribution of Serum Lipid Compartments by Pregnancy Status, LIFE Study, 2005-2009
Overall Observed Pregnancy in 12 Not Pregnant
(n = 501)* Months of Follow-Up (n = 347) (n = 154)° P
Median (IQR) Median (IQR) Median (IQR) Value
Female
Cholesterol, mg/dL 180 (42) 177 (43) 182 (40) .25
Free cholesterol, mg/dL 45 (12) 44 (11) 46 (14) .04
Phospholipids, mg/dL 222 (44) 221 (44) 223 (45) .59
Triglycerides, mg/dL 101 (73) 100 (68) 101 (87) .90
Total lipids, mg/dL 606 (145) 601 (139) 612 (158) 21
Male
Cholesterol, mg/dL 190 (49) 185 (46) 198 (50) .002
Free cholesterol, mg/dL 49 (15) 48 (15) 52 (15) .009
Phospholipids, mg/dL 222 (51) 219 (50) 226 (53) .07
Triglycerides, mg/dL 175 (143) 168 (146) 189 (151) 19
Total lipids, mg/dL 692 (222) 679 (220) 708 (244) .19

Abbreviation: IQR, interquartile range.

@ Lipid concentrations were measured for a total of 489 females and 491 males.

P Not pregnant at censoring time.
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Table 3. Serum Lipid Component Concentrations and FORs, LIFE Study, 2005-2009¢

Male and Female Concentrations

Modeled Separately Couple-Based Concentration Models
Serum Unadjusted Adjusted® Unadjusted Adjusted*®

Concentrations

FOR (95% ClI)

FOR (95% ClI)

FOR (95% ClI)

FOR (95% ClI)

Female concentrations
Cholesterol
Free cholesterol
Phospholipids
Triglycerides
Total lipids

Male concentrations
Cholesterol
Free cholesterol

0.996 (0.992, 0.999)
0.979 (0.966, 0.992)
0.997 (0.993, 1.000)
0.998 (0.996, 1.000)
0.999 (0.998, 1.000)

0.998 (0.995, 1.001
0.992 (0.983, 1.001

0.997 (0.993,1.000)
0.983 (0.969, 0.997)
0.997 (0.993, 1.000)
0.999 (0.997, 1.000)
0.999 (0.998, 1.000)

1.000 (0.996, 1.003
0.995 (0.986, 1.005

0.996 (0.992, 1.000)
0.981 (0.967, 0.994)
0.997 (0.993, 1.000)

0.998 (0.996, 1.000)
0.999 (0.998, 1.000)

0.998 (0.995, 1.001
0.996 (0.986, 1.005

0.997 (0.993, 1.001)
0.984 (0.970, 0.999)
0.997 (0.993, 1.001)
0.999 (0.997, 1.001)
0.999 (0.998, 1.013)

0.999 (0.996, 1.002)
0.984 (0.970, 0.999)

Phospholipids
Triglycerides
Total lipids

1.000 (0.999, 1.000

( )
( )
0.998 (0.995, 1.001)
( )
1.000 (0.999, 1.000)

1.000 (0.999, 1.001

( ) (
( ) (
0.999 (0.996, 1.002) 0.998 (
( ) (
1.000 (0.999, 1.000) (

0.999 (0.996, 1.002)
0.999 (0.997, 1.001)
1.000 (0.999, 1.044)

1.000

0.
0.999, 1.001
1.000 (0.

)
)
996, 1.001)
)
999, 1.000)

@ Bolded values indicate P < .05.
b Adjusted for age, BMI, race, and education.

€ Adjusted for female age, age difference, female BMI, male BMI, female race, male race, female education, and male education.

plain away the observed association between free choles-
terol levels in women and TTP (Figure 1).

Discussion

Our findings are the first to demonstrate that select serum
lipids are associated with reduced couple fecundity as
measured by a longer TTP. Of the five lipid components
evaluated, free cholesterol was robustly associated with
reduced fecundity when modeling female serum lipids in-
dividually or in a couple-based approach independent of
BMI. Male free cholesterol concentrations were also an
independent risk factor for reduced fecundability, irre-
spective of female lipid levels. These findings fill an im-
portant data gap regarding the association between lipid
concentrations and couple fecundity, particularly in light
of the increased prevalence of overweight couples attempt-
ing pregnancy.

TTP is a measure of couples’ fecundability (41) and one
that does not inform about whether the diminished fecun-
dity arises from the female or male partner or whether it
is a function of both. Of interest is the observation that
when modeled as a couple-based approach, both male and
female free cholesterol levels were significantly associated
with reduced fecundability. Interpretation of our findings
is limited by the absence of published studies to our knowl-
edge comparing lipid concentrations and TTP. Despite the
absence of previous data for preconception couple-based
cohort studies, our findings are consistent with previous
animal studies that support an association between dys-
lipidemia and infertility (8). These results are in line with
research in humans showing effects of lipids on oocyte

quality (3) as well as semen quality (42), underscoring the
need for a couple-based approach. This research is also
consistent with findings of increased rates of infertility
among men with metabolic syndrome (7) and among
women with polycystic ovary syndrome and accompany-
ing symptoms of metabolic syndrome (43, 44).

The observation that both total cholesterol and free
cholesterol are significantly associated with TTP is not
surprising, given that it has been known for many years
that there is a highly significant correlation between serum
total and free cholesterol (45, 46). With respect to repro-
ductive outcomes, knockout of the scavenger receptor
BI"’~ in mice leads to a large increase in the unesterified
cholesterol to total cholesterol ratio, abnormally large
HDL particles, and infertility in females (47). Treatment
of these mice with probucol reduces the unesterified cho-
lesterol to total cholesterol ratio and restores fertility (48).
Moreover, recent evidence points to the importance of the
liver X receptors (LXR; LXRa and LXRB). LXRs are nu-
clear transcription factors that are important regulators of
cholesterol, fatty acid, and glucose homeostasis. LXR
pathways have been shown to be important in reproduc-
tive health for both males and females because their dele-
tions have been shown to induce multiple reproductive
phenotypes (12, 49).

In addition, the oocyte is cholesterol biosynthesis in-
competent and relies on the surrounding cumulus granu-
losa for many factors including cholesterol, and there is
evidence that the communication between the oocyte and
granulosa cells is bidirectional (50). Serum and lipopro-
tein cholesterol may thus ultimately affect the activity of
sterodogenic cells. Granulosa cells accumulate cholesteryl
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Figure 1. Sensitivity analyses of lipid concentrations (X) and TTP unadjusted and adjusted for a hypothesized unmeasured confounding factor U
(eg, standardized dietary factor that could influence both cholesterol levels and TTP). Simulations are data driven based on results from models of
male and female standardized free cholesterol (ie, mean 0, SD 1) levels on TTP. b/a is the ratio of the strength of the association between the
unmeasured factor and TTP compared with the association between free cholesterol levels and TTP. Top, Female (A, b/a = 0.5; B, b/a = 1; C,

b/a = 2); bottom, male (D, b/a = 0.5; E, b/a = 1; F, b/a = 2).

esters and use these stores preferentially for steroid syn-
thesis (51). HDL is also the sole source of lipoprotein cho-
lesterol for granulosa cells within the developing follicle,
and their steroidogenic potential is dependent on the sup-
ply of HDL from the blood via the follicular fluid (52).
Total serum cholesterol levels are associated with changes
in HDL particle dynamics (53) that may alter the ability of
HDL to cross the blood follicle barrier and thereby supply
cholesterol for steroidogenesis and ultimately influence fer-
tility. Combined, these findings provide plausible mecha-
nisms for our observed independent associations between the
female and male lipid concentrations and TTP.

The differences between the individual and couple-
based models highlight that free cholesterol levels are im-
portant for fertility for both members of the couple when
considered together. It is important to note that although
the individual models for males alone were nonsignificant,
the point estimates were of a similar direction and mag-
nitude and borderline significant. In addition, the associ-
ation between total lipids in the female partner and time to
pregnancy was observed only in the individual models. In
the couple-based models, a larger sample size would be

needed to detect small effects on total lipids, given that the
model is less parsimonious and precision is affected in
nonlinear models. The association observed among male
partners is biologically plausible, given that cholesterol is
the main substrate for steroid synthesis, and also has been
shown to play a crucial role in steroidogenesis and asso-
ciated downstream effects including spermatogenesis (2).
Moreover, there is ample evidence from animal studies
linking cholesterolemia, steroidogenesis, and male fertility
(54-57).

This study has several strengths. In particular, this
study is the first prospective population-based TTP study
with preconception enrollment of both partners. Both
male and female concentrations were evaluated, enabling
a couple-based approach for studying fecundity. This
study was limited in that serum samples obtained were
nonfasting, thus increasing the variability in measure-
ment, particularly for triglycerides. However, the fasting
status is not likely to be related to TTP, and therefore, any
introduced bias would be nondifferential. There were also
some possible unmeasured confounders because no as-
sessment of dietary intake was available. However, sen-
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sitivity analyses showed that the associations we observed
are unlikely to be explained by other dietary factors, such
as fiber intake, and are robust in the presence of mild to
moderate unmeasured confounding. Although a strong
unmeasured confounding factor (twice the association ob-
served with lipids and highly correlated with lipids, p = .6
or larger) could explain the association, a degree of con-
founding this extreme seems implausible, especially given
that the correlation between the cholesterol levels in men
and women was less than 0.2. However, this cannot be
entirely ruled out. We have also limited our analyses to
examine associations of single lipids on TTP and did not
have measures of HDL or calculated or direct measure-
ment of low-density lipoprotein.

In conclusion, our findings are the first to report that
serum lipids may be associated with diminished couple
fecundity and a longer TTP. The exact mechanisms remain
elusive, but both male and female lipid concentrations
were shown to be independent predictors of couple fecun-
dity, after accounting for the role of body adiposity. These
findings are of particular relevance, given the increased
prevalence of obesity and dyslipidemia worldwide (58),
coupled with evolving data suggesting temporal declines
in human fecundity (59-61). In fact, the United States has
recently launched an action plan for infertility (http://
www.cdc.gov/reproductivehealth/infertility/publichealth.
htm). Currently infertility in the United States may affect
15% and 17% of reproductive-aged men and women,
respectively, underscoring the significance of lipids and
fecundity at the population level (62, 63). If corroborated,
our data suggest that earlier clinical and public health in-
tervention may be warranted to ensure acceptable ranges
of serum lipids in children, teenagers, and young adults to
maximize their fecundity and minimize the later onset
adult disease.
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