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Ina 1989 paper, Marchbanks et al. (Am J Epidemiol. 1989;130(2):259—267) noted inconsistent definitions of infertil-
ity across research and clinical practice and examined differences in prevalence estimates across definitions. Since
their study, there have been substantial changes in society, technology, and clinical practice related to female repro-
ductive health. In response, we revisited the original paper using data from a recent study among reproductive-aged
women. Internal comparisons across various definitions of infertility were made by assessing how many and which
women were classified as infertile, their age at infertility, and the probability of spontaneous pregnancy after infertility.
Results were also compared with Marchbanks et al. Black women were more likely to be classified as infertile than
white women based on the definition “12 months of unprotected intercourse” (40.1% vs. 33.7%) but less likely by “12
months of attempting pregnancy” (14.3% vs. 21.8%) and “visiting a doctor for help getting pregnant” (8.4% vs.
19.7%). After unprotected intercourse for 12 months, 36.1% of women who were attempting pregnancy spontane-
ously conceived by 6 months compared with 13.5% of women who were not attempting pregnancy. While our results
for most infertility definitions were similar to those of Marchbanks et al., prevalence estimates continued to differ

across demographic groups by definition.

attempting pregnancy; demography; diagnosis; infertility; reproduction; unprotected intercourse; women’s health

Abbreviations: ART, assisted reproductive technology; FUCHSIA Women’s Study, Furthering Understanding of Cancer, Health, and

Survivorship in Adult Women Study.

In their 1989 paper “Research on Infertility: Definition Makes
a Difference,” Marchbanks et al. (1) noted that the lack of a
standard definition for infertility has limited the study of this
condition. Infertility is not only a quality-of-life issue but also a
disease of the reproductive system (2—4) that may be a risk fac-
tor for other diseases over the life course, such as cardiovascular
disease, cancer, and metabolic dysfunction (5-7). The authors
compared the way different definitions of infertility affected the
estimated prevalence of infertility overall and within demographic
subgroups (1). Over 25 years later, multiple definitions of infertil-
ity are still being used. Although different definitions may be
appropriate for different study goals, this variability likely con-
tributes to the wide range of prevalence estimates reported for
lifetime infertility (1.8%—47.4%) (8).

Since the publication of the original paper, there have been
many changes in society, technology, and clinical practice
related to female reproductive health. First, women are delaying
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childbirth. The average age at first birth increased from 21.4
years of age in 1970 (9) to 26.3 in 2014 (10), while the per-
centage of women giving birth to their first child at age 35
years or older has increased from 1% to 9%. Second, there
have been dramatic developments in medical technology to
assist women in achieving pregnancy. These advancements
have led to greater success and availability of fertility treat-
ment (11, 12). Further, some insurance policies now cover
related services (13). Thus, more women are using infertility
treatment such as assisted reproductive technology (ART) (e.g.,
in vitro fertilization) than ever before (14). Further, with the rise
in age at first birth, women increasingly visit a doctor for fertility
counseling and testing before trying to get pregnant (15). Finally,
in 2013, the American Society for Reproductive Medicine revised
their definition of infertility to be the failure to achieve a successful
pregnancy (ultrasound evidence of pregnancy in the first trimes-
ter) after having appropriately timed unprotected intercourse over
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a period lasting 12 months or longer, for women of ages 20-34
years, or 6 months or longer for women aged 35 years or old-
er (16). When the study by Marchbanks et al. (1) was pub-
lished, they defined infertility based on 2 years without a
pregnancy.

Changes in society, technology, and clinical practice provide
the motivation for revisiting the findings from the original paper.
Similar to Marchbanks et al., our objective was to compare vari-
ous metrics of infertility. Specifically, we examined how differ-
ent definitions changed estimates of: 1) the prevalence of
lifetime infertility, overall and within sociodemographic sub-
groups; 2) the age at infertility; and 3) the cumulative incidence
of spontaneous pregnancy after infertility.

METHODS
Study population

The Furthering Understanding of Cancer, Health, and Survi-
vorship in Adult Women Study (FUCHSIA Women’s Study)
is a population-based study of fertility outcomes among female
cancer survivors and their cancer-free counterparts in Georgia.
Cancer survivors were recruited from the Georgia Cancer Reg-
istry, a statewide population-based registry of all reportable
cancers in Georgia. This analysis was restricted to the cancer-
free women (i.e., the comparison group), who were recruited
between 2012 and 2013 to represent the general population in
Georgia. These women were identified using a list purchased
from InfoUSA (Papillion, NE). Cancer-free women were

frequency-matched to cancer survivors according to 5-year age
groups and Georgia region of residence. This design is similar
to the Marchbanks et al. study, which used the control group
of the Cancer and Steroid Hormone Study, a population-
based study of female reproductive cancers, for their study
population.

For this study, women were eligible to participate if they
were 22-45 years of age at recruitment, had a working tele-
phone, and spoke English. They were invited to participate in a
study of women’s health to avoid differentially attracting women
with fertility problems. Informed consent and interviews were
completed by telephone. The interview, described previously
(17), contained detailed questions on reproductive and medi-
cal history, desire for children, demographic information, life-
style choices, and use of contraceptives and medical services.
The Emory University and Georgia Department of Public Health
institutional review boards approved this study.

We derived 11 definitions of infertility, which were based on
answers to interview questions (Table 1). Most definitions were
based on the following series of questions: “Has there ever been
a period of time during which you had regular (>3 times per
month) unprotected sex with a male partner for 6 months or lon-
ger but did not get pregnant? If so, for how long? Were you
actively trying to get pregnant at this time?” Women were able
to report multiple periods of time during which they had unpro-
tected sex or were attempting pregnancy. Women were also
asked whether they visited a doctor for help getting pregnant
and, if so, whether they received an infertility diagnosis (as well
as whether this diagnosis was due to female-related factors).

Table 1. Eleven Possible Definitions of Infertility From the Furthering Understanding of Cancer, Health, and Survivorship in Adult Women Study,

2012-2015

Infertility Definition

Explanation

Unprotected intercourse for 6 months
Attempting pregnancy for 6 months

Did not get pregnant after 6 months of regular® unprotected intercourse
Did not get pregnant after 6 months of regular unprotected intercourse while actively

trying to become pregnant

Unprotected intercourse for 12 months
Attempting pregnancy for 12 months

Did not get pregnant after 12 months of regular unprotected intercourse
Did not get pregnant after 12 months of regular unprotected intercourse while actively

trying to become pregnant

Unprotected intercourse for 24 months
Attempting pregnancy for 24 months

Did not get pregnant after 24 months of regular unprotected intercourse
Did not get pregnant after 24 months of regular unprotected intercourse while actively

trying to become pregnant

Unprotected intercourse using 2013 ASRM age
cutpoints

Attempting pregnancy according to 2013 ASRM
definition

pregnant

Visited a doctor for help getting pregnant

Did not get pregnant after 12 months of reqular unprotected intercourse for those <35
years old or after 6 months for those >35 years old

Did not get pregnant after 12 months of regular unprotected intercourse for those <35
years old or after 6 months for those >35 years old while actively trying to become

Visited a doctor or other health professional for help becoming pregnant

Physician diagnosis of infertility at fertility care visit® At doctor visit, was told there was a problem with her or her partner's fertility

Physician diagnosis of infertility at fertility care visit At doctor visit, was told there was a problem with her fertility

due to female-related factors®*®

Abbreviation: ASRM, American Society for Reproductive Medicine.
@ Regular intercourse defined as >3 times per month.

® Measured only among women who visited a doctor for help getting pregnant.
¢ Reason given by doctor for cause of infertility was a female-related factor (e.g., poor ovulation, low ovarian reserve, fibroids, blocked tubes,

endometriosis, cervical problem, or menopause).
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Statistical analysis

We estimated the lifetime prevalence of infertility for each
definition among women who were at risk of becoming preg-
nant. Women who specified that they had never had sex with a
man were excluded. Because cancer-free study participants
were frequency-matched to the cancer survivors, and cancer
incidence increases with age, prevalence estimates were stan-
dardized to the age distribution of women aged 22—45 years
from 2014 US Census data to improve generalizability (18, 19).

We estimated the prevalence of lifetime infertility (censored
at age at interview) based on different definitions of infertil-
ity within demographic subgroups of women. Characteristics
included age, race/ethnicity, education, household income, and
residential location based on the 2013 National Center for
Health Statistics Urban-Rural Classification Scheme (20). We
also examined differences in the age when first classified as
infertile by definition.

We constructed Kaplan-Meier curves to compare time to
pregnancy by pregnancy intention (attempting pregnancy vs.
not) following 3 different-duration periods of unprotected inter-
course. Time at risk began when women first reported meeting
the criteria for each infertility definition and ended when they
reported getting pregnant or were censored, either at the time of
study interview or when they were no longer at risk of becom-
ing pregnant (e.g., surgical menopause or hormonal contracep-
tive initiation) or no longer at risk of spontaneous conception
(e.g., became pregnant using ART or another infertility treat-
ment). We also constructed curves stratified by primary versus
secondary infertility. Primary infertility includes nulliparous
women who experience infertility and secondary infertility

is limited to women who had had at least 1 child at the time
of infertility (21).

We then compared our results to those of Marchbanks et al.
Because the original study population included older women
(aged 4654 years) than those in our study, we restricted the
age range of their study population to be comparable to ours.
Then we calculated crude prevalences of infertility for their
study based on the restricted population. Finally, we standard-
ized our results to the age, education, and race distributions of
their study population (see Table 2 in Marchbanks et al. (1)). We
standardized our results to each distribution separately because
the joint distribution of the covariates was not available.

RESULTS

Among the 1,073 cancer-free women who completed the inter-
view, 33 women (3.1%) who reported never having sex with
a man and 26 women (2.4%) who were missing information
on whether they ever experienced a period of infertility were
excluded. The final study population was 1,014.

The estimated prevalence of infertility varied widely across
definitions, with the lowest being doctor diagnosis of female infer-
tility (6.3%) and the highest being unprotected intercourse for
at least 6 months (42.6%) (Table 2). The prevalence of infertil-
ity was 40%-50% lower for definitions of infertility based on
attempting pregnancy in a given time period versus definitions
based on any unprotected intercourse for each respective time-
frame. Approximately one-fifth of the women were infertile
using the 2013 American Society for Reproductive Medicine
definition, and over a third (35.9%) were infertile when pregnancy

Table2. Crude and Age-Adjusted Prevalence of Lifetime (Prior or Current) Infertility by 11 Different Definitions of Infertility (n = 1,014), Furthering
Understanding of Cancer, Health, and Survivorship in Adult Women Study, 2012-2015

Infertility Definition

Crude Prevalence, %? Age-Adjusted Prevalence, %P

Unprotected intercourse for 6 months

Attempting pregnancy for 6 months

Unprotected intercourse for 12 months

Attempting pregnancy for 12 months

Unprotected intercourse for 24 months

Attempting pregnancy for 24 months

Unprotected intercourse using 2013 ASRM age cutpoints®
Attempting pregnancy according to 2013 ASRM definition®
Visited a doctor for help getting pregnant

Physician diagnosis of infertility®

Physician diagnosis of infertility due to female-related factors®~

42.6 43.4
255 19.1
35.3 35.3
19.7 14.9
23.5 23.8
11.2 8.9
35.9 35.6
20.5 15.3
16.6 11.8

9.7 7.0

6.3 3.8

Abbreviation: ASRM, American Society for Reproductive Medicine.
@ Percentage of women ever meeting given definition of infertility.

b Percentage of women ever meeting given definition of infertility, age-adjusted to the US population using the 2014 US Census estimates for

women aged 2245 years.

° Did not get pregnant after 12 months of appropriately timed unprotected intercourse (for those <35 years of age) or after 6 months (for those

>35 years old).

9 Measured only among women who visited a doctor for help getting pregnant.
¢ Reason given by doctor for cause of infertility was a female-related factor (poor ovulation, low ovarian reserve, fibroids, blocked tubes, endome-

triosis, cervical problem, or menopause).
fDenominators exclude 8 people missing this outcome.

Am J Epidemiol. 2018;187(2):337-346



340 Jacobsonetal.

intention was ignored and all unprotected intercourse was con-
sidered using the 2013 American Society for Reproductive Medi-
cine age and time cutpoints. Age-adjustment resulted in similar
prevalence estimates across infertility definitions based on
unprotected intercourse. However, the age-adjusted prevalence
of infertility based on attempting pregnancy decreased compared
with the crude estimates. Similarly, the prevalence of “visiting
a doctor for help getting pregnant” and “receiving an infertility
diagnosis” decreased after age-adjustment.

Demographic characteristics of our study population are
listed in Table 3. The estimated prevalences of infertility were
similar across age groups for definitions based on unprotected
intercourse but were lower for women aged 22-29 years com-
pared with older women for definitions based on attempting
pregnancy (Table 4). Young women were also less likely to be
categorized as infertile as defined by “visiting a doctor for help
getting pregnant” or “receiving an infertility diagnosis” (Table 3).

The estimated prevalences of infertility for black women were
greater than the estimates for white women for 12 and 24
months of unprotected intercourse but were lower for defini-
tions based on attempting pregnancy (Table 4). Black women
were also less likely to be classified as infertile based on visiting
a doctor for help getting pregnant. Women with household in-
comes of less than $50,000 had a lower estimated prevalence of
infertility than wealthier women based on definitions restricted
to women attempting pregnancy or based on visiting a doctor
for help getting pregnant (Tables 3 and 4). Similarly, women
with less than a college degree were less likely than more edu-
cated women to be classified as infertile by visiting a doctor for
help getting pregnant. However, more-educated women were
less likely to be classified as infertile by 6, 12, and 24 months
of attempting pregnancy (as well as by all unprotected inter-
course) compared with less-educated women. Finally, women
living in large central metropolitan areas were the least likely

Table 3. Demographic Characteristics of the Study Population, Stratified by Definitions of Infertility Related to Visiting a Doctor and Clinical
Diagnoses, Furthering Understanding of Cancer, Health, and Survivorship in Adult Women Study, 2012-2015

Total Population

Visited a Doctor

Doctor Diagnosis Doctor Diagnosis of

Characteristic (n =1,014) (n = 168) of (':fzfgg;vb Fema(Le I=n:5e3r)tilityb
No. %° No. %° No. %° No. %°
Age atinterview, years
22-29 60 5.9 2 3.3 1 1.7 0 0.0
30-39 546 53.9 89 16.3 50 9.2 31 5.7
40-45 408 40.2 77 18.9 47 115 32 7.8
Race/ethnicity
White 679 67.4 134 19.7 81 11.9 53 7.8
Black 287 28.5 24 8.4 13 4.5 8 2.8
Other 42 4.2 9 21.4 4 9.5 2 4.8
Missing 6 1 0 0
Education
Up to high school graduation 45 4.4 5 11.1 3 6.7 3 6.7
Some college 246 24.3 32 13.0 21 8.5 15 6.1
College 371 36.6 60 16.2 32 8.6 22 5.9
Graduate school or beyond 352 34.7 71 20.2 42 11.9 23 6.5
Annual income, $
<50,000 268 26.9 22 8.2 14 5.2 10 3.7
50,000-100,000 388 38.9 62 16.0 38 9.8 26 6.7
>100,000 342 34.3 80 234 45 13.2 26 7.6
Missing 16 4 0 0
Residence
Nonmetro 106 10.5 15 14.2 10 9.4 10 9.4
Small metro 164 16.2 24 14.6 16 9.8 8 4.9
Large fringe metro 617 60.9 110 17.8 62 10.0 40 6.5
Large central metro 127 12,5 19 15.0 10 7.9 5 3.9

2 Included women without a history of cancer, who had reported sexual intercourse with a male partner and were not missing information on

amount of time having unprotected intercourse for at least 6 months.

® Measured only among women who visited a doctor for help getting pregnant.
¢ Percentage calculated as the proportion of women in each sociodemographic subgroup that met each particular definition.
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to be classified as infertile for definitions based on unprotected
intercourse and attempting pregnancy compared with women
who lived in less urban areas.

Among women classified as infertile, a higher percentage first
experienced infertility during the ages of 18-29 years than dur-
ing ages 3045 years for most definitions (Web Table 1, avail-
able at https://academic.oup.com/aje). However, the percentage
reporting infertility at ages 18-29 years was smaller based on
attempting pregnancy compared with unprotected intercourse
(e.g., 24 months: 81.1% for unprotected intercourse vs. 71.9% for
attempting pregnancy). Women were the least likely to first expe-
rience infertility at ages of 1829 years based on visited a doctor
for help getting pregnant.

We also calculated the percentage of women aged 30 years or
older at interview who reported infertility during the ages of
18-29 years and the percentage of women aged 40 years or
older who experienced infertility during the ages of 30-39 (Web
Table 2). Women were more likely to be classified as infertile dur-
ing ages 18-29 years compared with ages 30-39 years based on

the unprotected intercourse definitions, whereas the age groups
had more similar frequencies based on attempting pregnancy.

Although most women achieved pregnancy after an infertile
period, the probability of pregnancy after infertility varied
across definitions (Figure 1). Women attempting pregnancy
were more likely to become pregnant than those who were not
attempting pregnancy in the first 5 years after meeting infertility
definitions based on 6 or 12 months of unprotected intercourse
(P < 0.0005; Wilcoxon and log-rank tests; Figure 1A and 1B).
However, this pattern was not observed using the definition
of 24 months of unprotected intercourse (Figure 1C). Across
unprotected-intercourse definitions, women experiencing sec-
ondary infertility were more likely to become pregnant compared
with those experiencing primary infertility, although confidence
intervals overlapped substantially (Table 5 and Web Figure 1).
Women experiencing secondary infertility were more likely to
be attempting pregnancy compared with those experiencing
primary infertility (57.1% with secondary infertility vs. 45.9%
with primary infertility; P = 0.04 using y test).

Table 4. Demographic Characteristics of the Study Population, Stratified by Definitions of Infertility Related to Months of Unprotected Intercourse
and Attempting Pregnancy, Furthering Understanding of Cancer, Health, and Survivorship in Adult Women Study, 2012-2015

6 Months of 6 Months of 12 Months of 12 Months of 24 Months of 24 Months of
Unprotected Attempting Unprotected Attempting Unprotected Attempting
Characteristic Intercourse Pregnancy Intercourse Pregnancy Intercourse Pregnancy
(n =432) (n = 259) (n = 358) (n = 200) (n = 238) (n=114)
No. %* No. % No. %* No. %* No. %° No. %*
Age atinterview, years
22-29 27 45.0 6 10.0 23 38.3 5 8.3 17 28.3 4 6.7
30-39 230 421 140 25.6 182 33.3 100 18.3 118 21.6 52 9.5
40-45 175 42.9 113 27.7 153 37.5 95 23.3 103 25.2 58 14.2
Race/ethnicity
White 287 42.3 195 28.7 229 33.7 148 21.8 145 21.4 83 12.2
Black 126 43.9 49 171 115 40.1 41 14.3 81 28.2 23 8.0
Other 16 38.1 12 28.6 11 26.2 8 19.0 9 21.4 6 14.3
Missing 3 3 3 3 3
Education
Up to high school graduation 27 60.0 13 28.9 23 51.1 11 244 18 40.0 7 15.6
Some college 121 49.2 60 24.4 109 44.3 49 19.9 76 30.9 31 12.6
College 150 40.4 95 25.6 122 32.9 75 20.2 76 20.5 43 11.6
Graduate school or beyond 134 38.1 91 25.9 104 29.5 65 18.5 68 19.3 33 9.4
Annual income, $
<50,000 126 47.0 53 19.8 107 39.9 42 15.7 80 29.9 29 10.8
50,000-100,000 171 441 105 271 138 35.6 77 19.8 88 22.7 41 10.6
>100,000 126 36.8 96 28.1 105 30.7 77 22.5 64 18.7 41 12.0
Missing 9 5 8 4 6 3
Residence
Nonmetro 56 52.8 36 34.0 47 44.3 28 26.4 37 34.9 21 19.8
Small metro 72 43.9 41 25.0 61 37.2 32 19.5 43 26.2 20 12.2
Large fringe metro 266 43.1 156 25.3 222 36.0 121 19.6 140 22.7 65 10.5
Large central metro 38 29.9 26 20.5 28 22.0 19 15.0 18 14.2 8 6.3

& Percentages calculated as the proportion of women in each sociodemographic subgroup that met each particular definition. Denominators

shown in Table 3.
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Our study population was younger than that of Marchbanks
et al. (1), with 40.2% over 40 years of age compared with
72.6% for Marchbanks et al. Further, 28.5% of our participants
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Figure 1. Kaplan-Meier curves of time to spontaneous pregnancy
after periods of unprotected intercourse, truncated at 10 years and
stratified by pregnancy intent, among Georgia women aged 22—45
years, Furthering Understanding of Cancer, Health, and Survivorship
in Adult Women Study, 2012-2015. A) After 6 months of unprotected
intercourse (n = 432); B) after 12 months of unprotected intercourse
(n = 358); C) after 24 months of unprotected intercourse (n = 238).

were black compared with their 10.4%, and 34.7% of our pop-
ulation had graduate-level education compared with 13.0% for
Marchbanks et al. The prevalences of infertility in the March-
banks et al. study were similar to ours across definitions, except
that a slightly smaller percentage of women in our study were
classified as infertile based on 24 months of attempting preg-
nancy and visiting a doctor for help getting pregnant (Table 6).
These differences persisted after adjustment for age, although
they were slightly attenuated after adjustment for race and
education.

Marchbanks et al. only considered visiting a doctor for help
getting pregnant after 24 months of attempting pregnancy (1).
When we added this condition, the estimated prevalence of
infertility based on the physician-related definitions decreased
in our study (e.g., visited a doctor for help getting pregnant:
16.6 vs. 7.5%; physician diagnosis of infertility: 9.7 vs. 4.9%).
These estimates were also lower than those reported in March-
banks et al. (visited a doctor for help getting pregnant: 11.3%;
physician diagnosis of infertility: 6.7%). Finally, time to preg-
nancy after infertility based on unprotected intercourse differed
slightly between Marchbanks et al. and our study. The estimated
cumulative incidence of pregnancy at 6, 12, 24, and 72 months
after 12 months of unprotected intercourse was about 5%—10%
less in our study compared with Marchbanks et al. However, our
estimates were similar by 120 months (85.8% vs. 83.8%, respec-
tively). Last, our estimates of cumulative incidence of pregnancy
after having had unprotected intercourse for 24 months were
almost identical to those of Marchbanks et al. for all time
points.

DISCUSSION

Significant changes in society, technology, and clinical prac-
tice related to reproductive health provided the motivation for
revisiting the objectives of Marchbanks et al. (1). Our study
confirms that a history of infertility is common, although it
often spontaneously resolves. Although the original March-
banks et al. study was conducted over 25 years ago, our re-
ported prevalences of infertility based on 12 and 24 months of
unprotected intercourse were very similar. However, fewer
women were classified as infertile by 24 months of attempting
pregnancy in our study, compared with Marchbanks et al. This
difference may have been due to women in our study seeking
care before 24 months of attempting pregnancy, which is con-
sistent with the American Society for Reproductive Medicine
recommendation that women seek care after 6 or 12 months of
attempting pregnancy, depending on their age. Similarly, we
found that women in our study were less likely than women
described in Marchbanks et al. to be classified as infertile as a
result of visiting a doctor for help getting pregnant or doctor
diagnosis of infertility, but only after restricting analysis to
women who attempted pregnancy for 24 months first. Although
this restriction applied by Marchbanks et al. may be outdated in
the United States, we note that in certain countries that offer
free ART, 2 years of attempting pregnancy is often required
(22). Overall, as in the original study, we found that the esti-
mated prevalence of infertility varied widely across definitions,
with the lowest proportion of women meeting the definition of
doctor diagnosis of female infertility and the greatest proportion
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Definitions of Infertility Revisited 343

Table5. Cumulative Incidence of Spontaneous Pregnancy (%) After a Period of Infertility, Stratified by Primary and Secondary Infertility?,
Furthering Understanding of Cancer, Health, and Survivorship in Adult Women Study 2012-2015

Unprotected Intercourse for 6 Months
No. of Months After

Unprotected Intercourse for 12 Months

Unprotected Intercourse for 24 Months

Infertility Period Total Primary Secondary Total Primary Secondary Total Primary Secondary
(n=432° (n=255) (n=176) (n = 358)° (n = 209) (n=148) (n = 238)° (n=142) (n = 95)
6 27.0 24.5 30.7 24.2 20.6 29.4 20.5 17.8 24.6
12 33.7 31.2 375 38.6 33.9 45.8 35.9 33.4 40.0
24 47.5 43.8 53.5 50.7 47.4 56.0 45.3 421 50.2
72 71.6 68.5 76.5 70.6 68.2 74.7 66.0 63.5 70.2
120 84.7 82.4 88.1 85.8 84.2 88.2 81.5 79.7 84.1
>120 89.7 86.3 95.5 87.6 84.2 941 83.8 79.7 92.1

& Primary infertility included nulliparous women who experienced infertility, and secondary infertility referred to women who had had at least 1

child at the time of infertility.

b One woman was missing age at pregnancy so type of infertility (primary vs. secondary) was unknown.

being based on unprotected intercourse for at least 6 months.
Further, the prevalence of infertility differed by demographic
characteristics. There was a high cumulative incidence of preg-
nancy after infertility across definitions. However, women who
were attempting pregnancy were more likely to become preg-
nant compared with those who were not, and those experienc-
ing secondary infertility were more likely to become pregnant
than those with primary infertility.

As in the original paper, women who were black (vs. white)
and less educated (vs. more educated) were more likely to be
classified as infertile by definitions based on unprotected inter-
course and less likely to be classified as infertile based on visiting
a doctor for help getting pregnant or on receiving a diagnosis of
infertility. The finding that black women were less likely to visit
a doctor for help becoming pregnant has been previously re-
ported in this cohort (23) and in others, including Marchbanks
et al. (1, 24, 25). Barriers to seeking medical attention for help
becoming pregnant may include an inability to afford infertil-
ity treatments or a general lack of access to care (24). This dis-
parity may also be affected in part by comfort with ART. In

this cohort, black women were less comfortable with ART
than were white women (23).

The estimated prevalences of infertility based on attempting
pregnancy were about half the prevalences based on unprotected
intercourse across all time periods. Many women experience
infertility during prolonged periods of unprotected sex without
conceiving when they are not attempting pregnancy (26, 27), but
these women are excluded from definitions based on attempting
pregnancy. Further, among those having unprotected intercourse,
there are differences by race and income in pregnancy intention
(27, 28). Our results support these reports, and we were able to
quantify differences in the prevalence of infertility based on
unprotected intercourse and attempting pregnancy across various
demographic strata. However, we note that pregnancy intentions
represent a complex construct that is difficult to measure. For
example, it is possible that during a single period of unprotected
intercourse, couples may change from not attempting pregnancy
to attempting pregnancy and perhaps back to not attempting
pregnancy. Our study would not have been able to capture that
level of detail, other related practices, or couple-level nuances.

Table 6. Prevalence of Infertility Comparisons Using Data From the Populations of the Cancer and Hormone Study (1980—-1983) and the
Furthering Understanding of Cancer, Health, and Survivorship in Adult Women Study (2012-2015)

Cancer and Hormone Study

FUCHSIA Women’s Study

Infertility Definition Crude Crude Prevalence Crude Age- Race/Ethnicity-  Education-
Prevalence (Age-Restricted)? Prevalence Adjusted®® Adjusted®® Adjusted®
12 months of unprotected intercourse 38.6 34.4 35.3 35.6 34.2 43.1
24 months of unprotected intercourse 27.0 21.6 23.5 23.9 221 31.4
24 months of attempting pregnancy 16.1 14.9 11.2 10.9 11.9 134
Visited a doctor® 12.2 11.3 7.5 71 8.3 8.1
Doctor diagnosis® 6.8 6.7 4.9 4.6 5.6 5.7

@ Based only on data from women aged 20—44 years, calculated from proportions presented in Marchbanks et al. (1, Table 2).
® Adjusted to the distributions of demographic characteristics (age, race, education) in the Marchbanks et al. study population.

° Denominator excludes 6 people missing information on race/ethnicity.

9 No conception after 24 months of trying to conceive, and couple consulted physician for help getting pregnant.
¢ No conception after 24 months of trying to conceive, couple consulted physician for help, and physician diagnosed problem in woman, partner,

or both.
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Most women achieved pregnancy after being classified as infer-
tile, which suggests that most infertility was resolved. This is con-
sistent with other reports of subfertile couples (29, 30). However,
among women who did not conceive within 6 or 12 months
of having unprotected intercourse, those who were attempt-
ing pregnancy were more likely to eventually become preg-
nant, which is likely due to a combination of knowledge and
behavior (31). In contrast, attempting pregnancy was not asso-
ciated with an increased probability of pregnancy for women who
had 24 months of unprotected intercourse, which may indicate a
biologic problem that cannot be improved by appropriately tim-
ing intercourse. Our findings of an increased probability of preg-
nancy among women experiencing secondary versus primary
infertility have been reported elsewhere (29, 32, 33) but were
not reported by Marchbanks et al. Getting pregnant may be more
likely among women who have conceived in the past, but in our
study, a greater proportion of women experiencing secondary
infertility were also attempting pregnancy. Thus, variability in
the proportion of women attempting pregnancy may partially
explain differences across studies in the probability of preg-
nancy for women with primary versus secondary infertility.

Our study has several strengths. First, we asked women
detailed questions about their fertility history. The importance
of collecting the length of infertility without an upper limit,
instead of asking women about precategorized periods of infer-
tility, has been previously noted (34). Our questions allowed
us to derive various definitions of infertility as well as calculate
the cumulative incidence of pregnancy after infertility based on
these definitions. Although we were able to address the defini-
tions explored by Marchbanks et al., we were unable to explore
other approaches, such as the current-duration approach, which
estimates the distribution of time to pregnancy among couples
having unprotected intercourse using a cross-sectional design
(35, 36). We were unable to implement this approach because
we did not ask women if they were currently having unpro-
tected sex.

Another strength of our study is that our denominator was
not restricted to those who were trying to get pregnant. This
has been noted as a limitation of other studies (35). Our results
show how many and which women are excluded from defini-
tions that restrict to couples that are attempting pregnancy. Not
only does this restriction likely result in an underestimate of
infertility, but we observed that certain demographic groups,
such as black women and women with lower income, were
less likely to be categorized as infertile with this restriction.
Thus, studies of women attempting pregnancy may have limited
generalizability. Although including all women having unpro-
tected intercourse regardless of pregnancy intent may decrease
false negatives, it may increase false positives because it will
include couples who may not be timing intercourse appropri-
ately for pregnancy because they are not actively trying to
achieve pregnancy.

A final strength was that in our analysis of the cumulative
incidence of pregnancy, we were able to censor women who
achieved pregnancy through infertility treatment (n = 23) (31).
Our estimates of the cumulative incidence of pregnancy were
similar to the estimates of Marchbanks et al. By censoring
women at the time of fertility treatment initiation, we were able to
focus on “spontaneous” pregnancies, and this likely made our
results comparable to Marchbanks et al., which was conducted

when fertility treatment was more limited. When we con-
sidered all pregnancies, our estimates increased by about
3%—5%. We were also able to censor women because of sur-
gical menopause and sterilization, which is important because
the use of surgical sterilization procedures has increased since
the 1980s (37).

Despite these strengths, our study had some limitations. Our
study population is likely different from the general female US
population. We recruited women without a history of cancer
from a purchased list to serve as the comparison group for
female cancer survivors in the FUCHSIA Women’s Study.
Women in the comparison group had distributions of race, edu-
cation, income, and relationship status similar to those of the
cancer survivors who were recruited from a population-based
registry, which provides some reassurance that our study popu-
lation shared sociodemographic characteristics with the cancer
survivors. In this study, we provided prevalence estimates stan-
dardized to the age distribution of women aged 2245 years in
the United States to further improve representativeness, and our
estimates changed minimally. We compared our results to those
of Marchbanks et al., and this comparison was affected by selec-
tion factors for both studies. Differences in study populations are
always of concern when comparing across studies. However,
our study and that of Marchbanks et al. share several common
attributes. Both infertility studies used the comparison group from
studies where the comparison group was matched to female can-
cer survivors recruited from population-based registries. Thus,
our study is well suited to be compared with the original study
and provides a unique opportunity to evaluate temporal changes
in female infertility.

Due to the retrospective cohort study design, our estimates
of infertility based on months of unprotected intercourse or at-
tempting pregnancy were subject to error in recall. However, a
previous study indicated that retrospective report of time to
pregnancy had good accuracy (38). This is corroborated by our
estimate of infertility based on 12 months of attempting preg-
nancy (19.7%) being similar to estimates of infertility after 12
months in preconception cohorts in the United States with pro-
spective follow-up, ranging from 13%—18% (39, 40).

Last, our estimation of the prevalence of infertility was
affected by many factors. We estimated the prevalence of infer-
tility in women, but fertility is affected by the health of 2 people.
Some women may have been classified as infertile because of
their partner’s reproductive health rather than their own. Fur-
ther, these definitions do not exclusively reflect an underly-
ing biological capacity to have children and may be affected
by access to healthcare, lifestyle choices, and comfort with
the use of ART and/or adoption, among other factors. In fact,
some definitions apply directly to the woman’s actions (i.e.,
visited a doctor for help getting pregnant) or her attitudes and
beliefs (i.e., attempting pregnancy). Accordingly, some defini-
tions may be better suited than others depending on the goal of
the study. For example, definitions based on attempting preg-
nancy may underestimate the prevalence of underlying infertility
and the need for care in certain populations, and definitions based
on visiting a doctor for help getting pregnant may not be appropri-
ate in studies estimating subclinical effects on time to pregnancy.
Despite this, our study provides a comprehensive overview of
ways to measure female reproductive capacity that have been
used in previous research and how estimates vary by definition.
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The present study illustrates that in order to better understand
the burden of infertility, evaluating the strengths and limitations
of different definitions is paramount. This is particularly true
when comparing definitions of self-reported infertility versus
clinical evaluations of infertility. Given our findings that the
definition (continues to) make a difference overall and within
demographic subgroups, future studies should carefully consider
which definition best aligns with their study aims and under-
stand the ramifications of their choice for both internal and exter-
nal validity. Moreover, investigators may consider collecting
data on different definitions and comparing results across them.
By using multiple definitions and evaluating any differences
between them, we may be able to assess which results are robust
across definitions and which may vary. This may allow us to bet-
ter understand variation across studies and lead us to improve
the overall characterization and study of infertility.
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