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Abstract

Objective—To estimate the prevalence of infertility using a current duration approach for
comparison with a traditional constructed measure.

Design—Cross-sectional survey.

Setting—~National Survey of Family Growth, United States, 2002.
Participants—A nationally-representative sample of females aged 15-44 years.
Interventions—None

Main Outcome Measure(s)—Infertility prevalence estimated by two approaches: 1) a
constructed measure derived from questions on sexual activity, contraception, relationship status,
and pregnancy, and 2) a measure based on estimated time-to-pregnancy (TTP) derived from the
respondents’ current duration of pregnancy attempt (i.e., current duration approach). Associations
with self-reported descriptive characteristics using weighted logistic regression or parametric
survival models for each respective approach.

Results—Infertility prevalence was approximately twofold higher using the current duration
approach (15.5%; 95% CI: 8.6, 27.5) versus the constructed measure (7.0%; 95% CI: 6.2, 7.8).
Both methods identified similar patterns of increasing age, lower education, nulliparity, and
history of gynecologic disorders as being associated with measures of impaired fecundity, while
opposing patterns were seen for racial/ethnic identification and poverty status.
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Conclusions—Infertility prevalence based on a current duration approach was consistent with
other U.S. prospective cohort studies with preconception enrollment. These findings underscore
the importance of definition and methodologic approach for estimating the prevalence of

infertility.
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INTRODUCTION

Infertility, typically defined as the inability of couples to become pregnant after 12 months
of regular unprotected sexual intercourse (1), has implications for health status beyond the
absence of a timely conceived pregnancy. For example, a longer time-to-pregnancy (TTP) is
reported in some studies to increase the risk of adverse pregnancy outcomes (2) and gravid
diseases (3), which in turn may influence the development of later onset adult diseases as
conceptualized in the ovarian dysgenesis syndrome paradigm (4). From a population
perspective, the impact of infertility is considerable ranging from changes in demographic
milestones (5), social and economic consequences (6), and health disparities (7). Despite the
importance of understanding infertility on an individual and population-level, our
knowledge of its descriptive and analytical epidemiology in the United States is limited.

An important methodologic consideration underlying infertility research is the operational
definition used, which further impacts interpretation of results and translation of such
information to both clinicians and the general public (8). Previous research has shown
infertility prevalence varies inversely with the stringency of criteria used for defining
infertility (9;10). Choice of definition also translates into wide variation in prevalence
estimates across populations ranging between 3.3-26.4% for current infertility and between
2.6-31.8% for lifetime infertility (11). In addition, recognition of the marked demographic
shifts in the U.S. population impacts the descriptive epidemiology of infertility. These shifts
include: 1) an increase in births to non-married women (37% in 2002 to 46% in 2006—2010);
2) an increase in cohabiting couples (3% in 1982 to 11% in 2006-2010) and a corresponding
decline in first marriages (44% in 1982 to 36% in 2006-2010); 3) an increase in mean age at
first birth (21.4 in 1970 to 24.9 in 2000); and 4) an increase in surgical sterilization
procedures (15.9% in 1965 to 41.1% in 1995) (12-15). Thus, our understanding of the
magnitude and scope of infertility requires consideration of both definition and changing
sociodemographic context of the referent and study population.

To our knowledge, the incidence of infertility in the United States is unknown. Available
albeit limited data from prospective cohort studies in the United States with preconception
enrollment of women suggests that approximately 12-18% of women are not pregnant
within 12 observed months or cycles of trying (16—18). Such cohort designs are considered
the gold standard for estimating the percentage not pregnant after 12 months or cycles;
however, they are not necessarily designed to be nationally representative of reproductive-
aged individuals in the United States. In light of this critical data gap, population-based
prevalence data become paramount for monitoring infertility, such as data collection in the
National Survey of Family Growth (NSFG). The NSFG utilizes a cross-sectional design
with representative sampling of reproductive-aged U.S. residents and relies on a measure of
infertility constructed from respondents’ answers to questions on relationship status and
duration, sexual activity, contraceptive use, and pregnancy in the past 12 months. Using this
measure, the prevalence of current infertility is estimated to be 7.4% among married women
in the United States (19). This figure is appreciably lower than incident infertility estimated
from prospective studies in the United States (range: 12-18%) and excludes unmarried
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couples from estimation procedures. To date, limited attention has been given to alternative
approaches for estimating the prevalence of infertility in the United States beyond the
constructed measure used in the NSFG.

With global concerns about declining fecundity (20), defined as the biologic capacity of
males and females to reproduce, several authors have called for the monitoring of fecundity
with more direct measures such as time-to-pregnancy (TTP) (21;22) or the current duration
design (23-25). The utility of TTP for assessing fecundity from prospective and
retrospective studies has been well described (26-28). In comparison, the current duration
design estimates a TTP-like distribution from a cross-sectional sample and relies on a few
simple questions aimed at directly identifying women currently at risk for pregnancy (i.e.,
sexually active, non-contracepting, non-pregnant) at the time of interview and their time
spent at risk (i.e., time elapsed from stopping contraception, or beginning of a pregnancy
attempt, to inclusion into the study). Presently, two nationally-representative cross-sectional
studies of women in Denmark, Germany, and Northern Italy (24) and France (25) have
applied a current duration approach. The prevalence of 12-month infertility in the French
population was 24%. Most notably, the current duration approach is advantageous in that
inferences can be obtained for all women at risk for pregnancy, regardless of pregnancy
intentions, and relies on direct querying of respondents, thereby eliminating the need for a
constructed measure.

Thus, our objective was to apply a current duration approach to estimate the prevalence of
12-month infertility among a general population in the United States using the 2002 NSFG
for comparison with the traditional constructed measure. A second study aim was to assess
whether the two approaches identify similar at-risk subgroups in relation to the purported
sociodemographic and reproductive history risk factors for infertility.

MATERIALS AND METHODS

Design and study population

The study population comprises 7, 643 females aged 15-44 years who participated in the
2002 cycle of the National Survey of Family Growth (NSFG) (29). The target population for
the study population was all reproductive-aged women in the United States; thus,
respondents were selected based on a multistage area probability sample from 120 areas
across the country. Teenagers and black and Hispanic adults were oversampled in this
survey. The overall response rate for females aged 15-44 years was 80 percent. Details of
the survey and study design have been described previously (19). The NSFG survey was
reviewed and approved by Research Ethics Review Board of the Centers for Disease Control
and Prevention (CDC) and National Center for Health Statistics (NCHS), and a similar
board at the contracting organization, the University of Michigan (19).

Data collection and operational definitions

Data were collected through in-person interviews conducted in households across the United
States by trained interviewers using Computer-Assisted Interviewing (CAI) techniques.
Female respondents provided information on sociodemographic, family planning,
reproductive history, birth intentions, sexual activity, and access to health services. Audio
Computer Assisted Self-Interviewing (ACASI) techniques were used to capture sensitive
information related to health, pregnancy history, substance use, sexual behavior and
practices, sexual orientation, sexually transmitted diseases, income, and public assistance.

For this study, the following operational definitions were used to define infertility
prevalence consistent with the format used by the NSFG for the constructed measure (19)
and the current duration approach (30). Since 1982, the constructed measure in the NSFG
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has been derived from responses to questions on contraceptive use, surgical sterilization,
sexual activity, relationship status, duration of partnership, and current or recent pregnancy
(Figure 1a) (31). All married or cohabiting respondents (n = 3,812; 49.9% of total) were
classified as infertile if they had been in a continuous relationship for 12 months or more
with no use of contraception, but sexually active every month for the past 12 months, and
did not have a pregnancy (n = 286; 3.7% of total). Women were classified as fecund if they
were currently pregnant, regardless of duration of pregnancy attempt, or had used
contraception or had not been sexually active for at least 1 month in the last 12 months (n =
2,389; 31.9% of total). All women who reported surgical sterilization were grouped
separately (n = 1,137; 14.9% of total), but included as part of the denominator. Women not
living with a current partner were excluded from analysis (n = 3,831; 51.1% of total). For
this paper, we included both married and cohabiting women unlike earlier approaches
restricting to married women only (31).

For the current duration approach, we utilized two questions added to the NSFG in 2002 that
directly assessed the duration of the respondent’s current pregnancy attempt (Figure 1b).
Women who were not using a method of contraception nor pregnant, but were sexually
active at the time of interview (n=804 potentially eligible respondents, 10.5%) were asked,
“Is the reason you are not using a method of birth control now because you, yourself, want
to become pregnant as soon as possible?” Women who responded “Yes” were then asked
“How long have you been trying to become pregnant? (number of months or years)”, which
was used to determine their current duration of pregnancy attempt (i.e., current duration) in
months. Regardless of pregnancy intentions, women were not considered at risk for
pregnancy if they had a live or stillbirth within the past 3 months, reported one or more
months without intercourse in the past 3 months, or if their current partner had a vasectomy.
Women were not included in the current duration analysis if they were not at risk of
pregnancy (n=6909, 90.4% of total) or were at risk, but not currently trying to become
pregnant (n=510, 6.7% of total). Thus, only 288 (3.8% of total) women were eligible for
consideration and 270 (3.5% of total) women available for analysis given information on
duration of pregnancy attempt. Based on statistical methods described in detail below,
infertility was defined as a TTP greater than 12 months using the current duration approach.

Sociodemographic characteristics, infertility treatment, and reproductive health history were
obtained from the survey. Reproductive health history included information on parity, pelvic
inflammatory disease (PID) treatment, and history of gynecologic disorders (i.e., prior
diagnosis of ovarian cysts, uterine fibroids, endometriosis, or problems with ovulation or
menstruation). Information on infertility treatment was determined by questions on current
or ever receipt of medical help to get pregnant and the type of help received. Women were
considered to have initiated infertility treatment during the current pregnancy attempt if they
reported they were currently receiving medical treatment (i.e., not advice or testing), or if
the timing of their most recent infertility treatment occurred during their current duration of
pregnancy attempt.

Statistical analyses

The data were first analyzed comparing descriptive characteristics across three groups of
women in the NSFG survey based on their eligibility for the current duration approach:
Group 1) women at risk and reported trying to become pregnant (i.e., women eligible for the
current duration analysis); Group 2) women at risk of pregnancy but who reported they were
not currently trying to become pregnant; and Group 3) women not at risk of pregnancy.

We used the current duration approach to estimate the distribution of the total duration of
pregnancy attempt (i.e., estimated TTP) from their reported duration of current pregnancy
attempt (n = 270) (24;32). This method yields a summary measure of the estimated TTP and
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an estimate of infertility prevalence defined as an estimated TTP > 12 months, and is
described in further detail below. To implement this approach, we assumed a Pareto
distribution censored at 36 months with the confidence intervals calculated from bootstrap
samples (33). We corrected for the oversampling used in the survey design by using a
weighted maximum likelihood analyses, which was implemented in R (34). For comparison,
we estimated the prevalence of infertility using the NSFG constructed measure among
married and cohabiting women (n = 3, 812) appropriately accounting for the survey weights
using Stata, version 11 (StataCorp, College Station, TX).

Associations between sociodemographic and reproductive health factors were evaluated for
each respective method of infertility assessment. Specifically, odds ratios of infertility were
assessed for the constructed measure using weighted logistic regression. For the current
duration data, time ratios (TR) were estimated using weighted accelerated-failure-time
(AFT) regression models, which can be interpreted as the ratio of the median values of the
total duration of pregnancy attempt across characteristics (24). As such, a ratio greater than
1 indicates a longer estimated median TTP. Adjusted logistic regression and AFT regression
models accounted for age, relationship status, racial and ethnic self-identification, education,
poverty level, health insurance, parity, PID treatment, and gynecologic disorders. All
regression analyses account for the survey weights and were performed using Stata, version
11 (StataCorp, College Station, TX).

Sensitivity analyses were run to assess the robustness of our results to varying eligibility
criteria. In our main analysis we included all women still currently attempting pregnancy
regardless of treatment status. Fertility treatment may modify the probability of pregnancy
or represent a competing risk (32); hence, analyses were repeated among women who did
not initiate infertility treatment during their current pregnancy attempt. This latter approach
assumes a pregnancy attempt ends when a fertility treatment is initiated. Analyses also were
repeated to estimate infertility among nulliparous women, who may represent a less
heterogeneous group with regard to persistency of trying compared to couples with one or
more children.

The current-duration approach refers to a statistical method of estimating the distribution of
the (unobserved) total duration of pregnancy attempt (i.e., TTP) based on the (observed)
current duration of pregnancy attempt at the time of the survey (23;28;32). The statistical
assumptions required by this approach are stationarity (i.e., the start of pregnancy attempts
are uniform over time) and independence of the observations. Because the current duration
sample evaluates only those at risk of pregnancy at the time of the cross-sectional survey,
there is an inherent overrepresentation of couples who take longer to become pregnant (i.e.,
length-biased sampling). This issue is handled in the statistical methods used to implement
this approach. The current duration approach, and more generally backward recurrence time
survival methods, also allow us to infer the relationship of characteristics to the
(unobserved) total duration of pregnancy attempt by using the (observed) current duration of
attempt via AFT models (35).

Women considered for the current duration group (Group 1) were compared to those not
included (Groups 2 and 3) and found to be statistically significantly different with respect to
age, relationship status, education, income, health insurance, parity, gynecologic disorders,
and history of medical treatment for pregnancy (Supplemental Table 1). There was a
borderline significantly higher proportion of non-tryers (19.3%) versus tryers (10.2) who
identified as Non-Hispanic black (p = 0.06), and 7.2% of women trying for pregnancy
(Group 1) reported they were not living with a current partner.
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The current duration approach estimated the prevalence of infertility to be 15.5% (95% CI:
8.6, 27.5) among all eligible women (Figure 2a) and 24.3% (95% CI: 12.4, 43.5) among
nulliparous women (Figure 2b). In contrast, the constructed measure estimated infertility
prevalence to be 7.0% (95% ClI: 6.2, 7.8) among all eligible women and 13.2% (95% CI:
11.2, 15.2) among nulliparous women. In sensitivity analyses that excluded women
initiating infertility treatment, the current duration approach estimated infertility prevalence
to be 12.6% (95% ClI: 7.6, 21.4) for all eligible women and 18.3% (95% ClI: 11.0, 30.9) for
nulliparous women compared with constructed measure estimates of 6.6% (95% CI: 5.8,
7.5) and 11.9% (95% ClI: 9.9, 13.9), respectively.

A comparison of sociodemographic and reproductive history characteristics for the current
duration approach (Table 1) and the construct measure (Table 2) showed similar patterns of
conception delay with increasing age, lower education, nulliparity, and gynecologic
disorders in adjusted analyses. In contrast, opposing patterns of conception delay were found
by race/ethnic self-identification and poverty level. Finally, the odds of infertility were
lower among cohabiting women compared to married women using the constructed
measure, but showed little difference in estimated TTP using current duration design. By
design, women not living with a current partner were included in the current duration
analysis and found to be associated with shorter TTP compared to married women (Table 1).

DISCUSSION

Using the novel current duration approach, we estimated the prevalence of infertility to be
approximately two times greater than the estimate derived from the traditionally applied
constructed measure (15.5% vs. 7.0%, respectively), which remained consistent across
sensitivity analyses. In addition, the confidence intervals for these estimates do not overlap,
suggesting significant differences in prevalence estimates based upon choice of approach.
The higher U.S. prevalence estimate using the current duration approach is comparable with
the 24% prevalence estimate reported in France based upon the current duration approach
(25). Moreover, our estimate is consistent with percentage considered infertile based on
prospective cohort studies with preconception enrollment in the United States (range: 12—
18%) (16-18). Our findings suggest that the current duration approach appears to be a
feasible alternative method for providing population-based infertility estimates using the
NSFG and, based on this approach, a higher percentage of couples trying to become
pregnant may experience infertility.

Previous research using a constructed measure suggests that infertility may be declining in
the United States (31). This trend triggered much speculation and debate in the literature
(36-39), particularly due to assumptions required for women not at risk for pregnancy (36)
and the exclusion of non-married women (37). The sensitivity of 12-month infertility
estimates relative to assumptions in the method of construction was recently demonstrated in
a population-based study of Canadian couples (10). In this study, we apply two different
methods aimed at estimating the prevalence of current infertility in the United States. A
major difference in the two approaches relates to how one handles the denominator when
deriving an estimate of infertility prevalence. The constructed measure includes women at
risk and not at risk of pregnancy, which makes the implicit assumption that those not at risk
of pregnancy (i.e., using contraception, etc.) are fecund. The current duration approach
relaxes this assumption by including only women at risk of pregnancy at the time of
interview and then appropriately accounts for the length-biased sampling in the statistical
analysis. An additional consideration when comparing these measures is how women report
their reproductive history — either directly (current duration) or indirectly (constructed
measure). To our knowledge, this study is the first application of the current duration design
for estimating infertility in a nationally-representative sample of women in the United
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States. In comparison, nationally-representative infertility estimates from France were based
on time since discontinuing contraception (25) and showed minimal difference between all
women at risk for pregnancy and those who reported trying to become pregnant (24% versus
23%, respectively).

While we corroborated some risk factors for infertility between estimation approaches,
differences were observed for sociodemographic characteristics, such as racial and ethnic
self-identification and poverty level. Reasons for these differences may be partially
attributable to inclusion criteria and methodologic assumptions required for each approach.
For example, the questions used to obtain current duration information were restricted to
women reporting they were trying to become pregnant. Because pregnancy intentions may
differ by sociodemographic characteristics (40), this may influence associations with
fecundity status as reported in this study. We did observe a borderline statistically
significant difference in the prevalence of black women at risk for pregnancy who reported
they were not trying (19%) compared to trying (10%) to become pregnant (this was not
observed for other racial and ethnic groups) (Supplemental Table 1). However, it is
important to note that the current duration sample, by design, represents a length-biased
sample, which is corrected for in the parametric survival analysis, but not in the cross-
tabulation provided in Supplemental Table 1. In addition, the current duration sample did
not require exclusion of women not living with their current partner, as was the case for the
constructed measure. When we restricted the current duration sample to married or
cohabiting couples we found minimal changes to infertility prevalence (17.6%; 95% CI:
10.3, 30.6) and overall patterns of association. Thus, the identification of at-risk subgroups
may be influenced by choice of methodologic approach.

This study is unique in that we applied a current duration approach to estimate infertility
from a nationally-representative population of U.S. women. With the addition of two simple
direct questions to the NSFG in 2002, we were able to compare across two different
indicators of infertility. Unlike the constructed measure, the current duration estimate did
not rely on assumptions related to fecundity status among those not at risk of pregnancy nor
restrict on relationship status. The utility of estimating TTP is that it may allow for cross-
disciplinary comparisons for clinical and population-based studies as well as greater
flexibility in defining time periods of interest (i.e., TTP > 6, 12, or 24 months) depending on
characteristics of the population, such as age. Finally, ascertainment of duration of
pregnancy attempt or contraceptive discontinuation in cross-sectional surveys provides a
simple direct approach suitable for inclusion in existing population-based surveys.

Both approaches come with limitations. Given the cross-sectional design, the temporal
nature of characteristics associated with infertility and issues with retrospective reporting of
information need to be considered. In addition to limitations of the constructed measure
discussed previously, a limitation of the current duration design is the lack of prospective
follow-up to distinguish between pregnancy attempts ending in a pregnancy or due to other
reasons, such as the couple stopped trying or initiated infertility treatment. Prevalent cohort
designs have been proposed to overcome this limitation (30). Finally, the stationarity
assumption assumes no temporal trends in initiation of pregnancy attempts across groups.
The continuous survey design implemented by the NSFG after 2006 provides an opportunity
to assess this assumption in greater detail (41). Specific to this study, we were also limited to
women who reported trying for pregnancy, who may not be representative of the larger
population of women at risk of pregnancy. This limitation could be easily overcome in
future studies by expanding the survey question to include all at risk time (i.e., time from
contraceptive discontinuation) regardless of pregnancy intentions. Further strengths and
limitations of the current duration design over prospective or retrospective collection of TTP
information have been highlighted previously (30).
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These findings are timely in light of the recent National Public Health Action Plan for the
Detection, Prevention, and Management of Infertility released for public commentary by the
Center for Disease Control and Prevention (CDC) in May 2012 (42). The action plan
highlighted the need for uniform measures of infertility across clinical and population-based
studies and the strengthening of surveillance systems to monitor infertility in the United
States. We believe the current duration approach provides a feasible alternative approach for
monitoring infertility, since it focuses on those at risk for pregnancy and relaxes
assumptions impacting the denominator. In addition, it relies on a few simple direct
questions to derive an estimate of infertility from cross-sectional designs facilitating its use
in existing national health surveys. The comparability of our estimate with other gold-
standard prospective cohort studies suggests that this approach may also be useful for
comparisons across different types of study designs. In the context of a National Public
Health Action Plan for infertility, an important first step is to ensure the magnitude and
scope of infertility is well defined for the U.S. population to improve public health
guidelines and recommendations. More specifically, additional data gaps remain for
understanding the etiology, identifying at-risk subgroups, and improving clinical services for
infertility. These ambitious goals are within the context of efforts to ameliorate the
unintended consequences of infertility for men, women, and couples.
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(a) Constructed approach

Total (n=7,643)

women (n =3,812; 49.9%)

Currently married or cohabiting

Not eligible (n = 3.831; 50.1%)
* No partner, or
* Not living with a partner

l

l

l

Infertile (n = 286; 3.7%)

Duration of relationship >
12 months, and

Sexually active each
month in past 12 months,
and

No ive use in

Fecund (n = 2,389; 31.3%)
* Currently pregnant, or

Surpically sterile
(n=1,137; 14.9%)

|

* =1 monthofnoi in
past 12 months, or

* Any contraceptive method use
in past 12 months.

past 12 months, and

No pregnancy in past 12
months.

Figure 1.
Flow chart of women included in the (a) traditional NSFG constructed measure classified by
outcome, and (b) the current duration approach classified by eligibility for inclusion in the

analysis.
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(b) Current duration approach
Total (n~ 7,643)

At risk of pregnancy (n = 804; 10.5%) Group 3 (n = 6,839; 89 5%); Not eligible
*  Sexunlly active, because not at risk of pregnancy
* Not using contraception, and * Not sexually active,
+ Not pregnant at time of interview *  Using contraception, or

* Pregnant at time of interview

.

Trying to become pregnant (n=294; 3.8%) Not trying to become pregnant (n = 510; 6.7%)
* Reported not using birth control * Not trying to become pregnant (n = 506)

because currently want to become
pregnant as soon s possible

* Don’t know if trying to become pregnant (n = 4)

Group 3 (n = 64; 0.8%): Not eligible
* Recent birth, past 3 months (n = 42)
* Partner had a vasectomy (o = 18)

* =1 month of no sex in past 3 mo. (n = 4) Group 2 (n = 446; 5.8%): At risk of
pregnancy, but not trying to become
Group 3 (n = 6; 0.1%): Not eligible progrest

™ * Recent birth (n = 5)
* Parner had a vasectomy (n = 1)

A H
N

Additional exclusians; considered not at risk of pregnancy

Group | (n = 288; 3.8%): Eligible for current duration sample; at risk of and trying to become
pregnant

Final analytic sample (n = 270; 3.5%): women with complete information on duration of
pregnancy atiempt

Sensitivity analyses: No current i ili {n = 222); Nulli (n=139);
Nulliparous and no current infertility treatment (n=100)
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Proportion of women not pregnant

Page 12

(b)

Proportion of women not pregnant

6 12 18 24 30 36 0 6 12 18 24 30
Months trying Months trying

Figure2.

Estimation of the proportion of women not yet pregnant as a function of the number of
months trying for pregnancy among (a) all women (n = 270) and (b) nulliparous women (n =
139) who reported currently trying and their duration of pregnancy attempt. The solid curve
is the survival function for the time until pregnancy or end of attempt and the dotted curves
indicate 95% confidence intervals (CI). The solid vertical line at 12 months corresponds to
infertility estimates of (a) 15.5% (95% CI: 8.6, 27.5) and (b) 24.3% (95% CI: 12.4, 43.5) for
the current duration approach. The corresponding infertility estimates represented by black
circles are (a) 7.0% (95% Cl: 6.2, 7.8) and (b) 13.2% (95% CI: 11.2, 15.2) based on the
constructed measure.
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