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Abstract

Background—Epidemiologic studies of fecundability often use retrospectively-measured time-
to-pregnancy (TTP), thereby introducing potential for recall error. Little is known about how
recall error affects the bias and precision of the fecundability odds ratio (FOR) in such studies.

Methods—Using data from the Danish Snart-Gravid Study (2007-2012), we quantified error for
TTP recalled in the first trimester of pregnancy relative to prospectively-measured TTP among
421 women who enrolled at the start of their pregnancy attempt and became pregnant within 12
months. We defined recall error as retrospectively-measured TTP minus prospectively-measured
TTP. Using linear regression, we assessed mean differences in recall error by maternal
characteristics. We evaluated the resulting bias in the FOR and 95% confidence interval (Cl) using
simulation analyses that compared corrected and uncorrected retrospectively-measured TTP
values.

Results—Recall error (mean=-0.11 months, 95% CI -0.25, 0.04) was not appreciably associated
with maternal age, gravidity, or recent oral contraceptive use. Women with TTP>2 months were
more likely to underestimate their TTP than women with TTP <2 months (unadjusted mean
difference in error: —0.40 months, 95% CI -0.71, —0.09). FORs of recent oral contraceptive use
calculated from prospectively-measured, retrospectively-measured, and corrected TTPs were 0.82
(95% CI 0.67, 0.99), 0.74 (95% CI 0.61, 0.90), and 0.77 (95% CI 0.62, 0.96), respectively.

Conclusions—Recall error was small on average among pregnancy planners who became
pregnant within 12 months. Recall error biased the FOR of recent oral contraceptive use away
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from the null by 10%. Quantitative bias analysis of the FOR can help researchers quantify the bias
from recall error.

INTRODUCTION

Studies investigating determinants of fecundability often use retrospectively-collected data
on time-to-pregnancy (TTP) ascertained from already-pregnant women.! Examples include
the Danish National Birth Cohort? and Norwegian Mother and Child Cohort Study.3
Systematic error in retrospectively-measured TTP can introduce bias in the fecundability
odds ratio (FOR), defined as the ratio of the cycle-specific odds of pregnancy in the exposed
relative to the unexposed population.# Published investigations assessing systematic error in
retrospectively-reported TTP compared with a prospective measure of TTP from the same
population are scarce. In a validation study of TTP recalled during pregnancy and the first
year postpartum, the gold standard of prospectively-measured TTP included data from
participants who had already been attempting pregnancy for several months at enrollment.>

We quantified the error of TTP reported in months, recalled during the first trimester relative
to prospectively-measured TTP, using data from Danish women participating in a
prospective cohort study of TTP. We also assessed differences in error according to the
following characteristics: prospectively-measured TTP (>2 vs. <2 months), maternal age
(<30 vs. =230 years), gravidity, menstrual cycle regularity, and last contraceptive method. We
conducted a quantitative bias analysis to correct the FOR estimated using retrospectively-
measured TTP.

METHODS
Study Population

The Snart-Gravid Study, conducted in Denmark from 2007-2012, enrolled 5,046 women
who were aged 18-40 years, attempting pregnancy with a male partner, not using fertility
treatments, and willing to provide their identification number for the Central Person Registry
and email address.® Participants provided informed consent and reported exposures,
covariates, and pregnancy status using web-based questionnaires. Every two months,
participants received an email invitation to complete a follow-up questionnaire, with non-
respondents receiving up to two reminders. Active follow-up ended when participants
reported they were pregnant, using fertility treatments, or no longer attempting pregnancy,
or after they completed 12 months of follow up (i.e. six follow-up questionnaires),
whichever came first. The study protocol was approved by the Institutional Review Boards
of Boston University Medical Center and the Danish Data Protection Agency.

To obtain a prospective measure of TTP, we excluded from the analysis 4,293 women who
enrolled after the first month of attempting pregnancy. We further excluded women who did
not report that they were pregnant on a follow-up questionnaire (n=251), women with
missing retrospectively-measured TTP (n=31), missing date of last menstrual period (LMP)
at baseline (n=8), missing LMP in early pregnancy (n=1), missing exposure data (n=4),
women who reported an LMP date that was <10 days before their report of pregnancy (n=3),
and women who reported a retrospectively-measured TTP=1 after an interval >4 months
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between filling out questionnaires (n=4) because this could signify an intervening pregnancy
loss. We further excluded 30 women who completed their early pregnancy questionnaire in
the second trimester. After these exclusions, 421 women were included in the analysis.

Data Collection

The baseline questionnaire elicited data on length of the current pregnancy attempt in
months, LMP date, menstrual cycle length and regularity, last method of contraception,
body size, reproductive and medical histories, and lifestyle habits. The follow-up
questionnaires collected information on LMP date and pregnancy status. For the current
analysis, prospectively-measured TTP was defined as the interval in months from the
beginning of the first menstrual cycle when the participant tried to become pregnant, to the
middle of the menstrual cycle when she conceived a recognized pregnancy. Thus, we
calculated prospectively-measured TTP in days and divided by 30.4 to convert days into
months (365.25/30.4=12). The resultant continuous value of months was rounded to the
nearest integer:

Prospectively- measured TTP=[(LMP date on follow- up questionnaire reporting a
pregnancy—+(1/2) = (length of average menstrual cycle in days))—LMP date on baseline
questionnaire] /30.4.

Retrospectively-measured TTP was defined using the question from the early pregnancy
questionnaire, “How many months did it take you to get pregnant?” Retrospectively-
measured TTP in months was reported as an integer =0. We interpreted a report of TTP =0
as getting pregnant in the first month of trying (TTP = 1 month) and grouped these with
reports of TTP=1 in the analysis, consistent with previous retrospective TTP studies.’

Cycle regularity was defined using the following question, “Within the past couple of years,
has your menstrual period been regular during those time periods when you were not using
hormonal contraceptives [if applicable]?” (yes or no). Last contraceptive method was
reported from a multiple-choice question and categorized for analytic purposes as either oral
contraceptives (OCs), barrier methods (condom, foam, gel, cream, sponge, suppository, or
intrauterine device), or other method (hormone injection, patch, or ring; fertility awareness
methods, withdrawal, or unspecified).

Statistical Analysis

We estimated the probability of under-estimating and over-estimating TTP, respectively,
using prospectively-measured TTP as the benchmark. Recall error was quantified as the
difference of retrospectively-measured TTP minus prospectivey-measured TTP. We further
investigated systematic error by using linear regression to estimate recall error differences
across categories of maternal characteristics that had consistent associations with TTP in the
literature: age (=30 vs. <30),8 cycle regularity (irregular vs. regular),® and last contraceptive
method (oral contraceptives vs. barrier methods).10 We also estimated the association of
recall error with gravidity (gravid vs. nulligravid) and prospectively-measured TTP (>2 vs.
<2), because longer TTP and gravidity were associated with underestimation of recalled
TTP in a validation study of 10-year recall of TTP.1! We used diagnostic plots to verify the
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assumptions of linear regression. Linear regression models were adjusted for other potential
predictors of misclassification including age, gravidity, cycle regularity, and last
contraceptive method. Because adjustment for other predictors of misclassification did not
change the results much, we present only the unadjusted estimates for mean difference in
error.

Quantitative bias analysis

To inform quantitative bias analyses in studies of fecundability that measure TTP
retrospectively,12 we used our measures of recall error to impute probable, prospectively-
measured (i.e., corrected) TTP values from retrospectively-measured TTP. First, we cross-
tabulated prospectively-measured TTP and retrospectively-measured TTP. Next, to
summarize the distribution of prospective TTP given the retrospective values, we fit one
normal distribution to the observed prospectively-measured TTP values for each of the 12
values of retrospectively-measured TTP. We then imputed corrected TTP values (rounded to
the nearest integer) for each subject by randomly sampling from the appropriate normal
distribution given their retrospectively-measured value. We repeated this procedure 100,000
times to produce 100,000 imputed data sets. Observations with imputed TTP<1 were set to
TTP=1, and observations with imputed TTP>12 months were censored at 12 months in
keeping with standard analysis methods for TTP data.l In the Appendix, we include SAS
code that implements this procedure and shows the estimated mean and standard deviation
of each normal distribution summarizing prospectively-measured TTP conditional on
retrospectively-measured TTP. Fitting a normal distribution was intended to facilitate the
application of these data to other cohorts by enhancing flexibility of the observed
probabilities of prospectively-measured TTP conditional on retrospectively-measured TTP.

Bias analysis

We conducted a quantitative bias analysis that assessed the bias from recall error to the FOR
of the association between oral contraceptive (OC) use as last method of contraception and
fecundability.19 We estimated the FOR comparing OC use vs. all other contraceptive
methods by fitting a discrete-time Cox proportional hazards model3 using the
retrospectively-measured TTP (conventional analysis) as well as the prospectively-measured
TTP. Then we proceeded as if we had no access to the prospectively-measured TTP data and
estimated the FOR in each of the 100,000 data sets of corrected TTP. We incorporated the
random error from the analysis of retrospectively-reported TTP by subtracting from each
FOR the product of the standard error from the conventional analysis and a number drawn
randomly from a standard normal distribution.1# The resulting distribution of 100,000
corrected FORs accounted for both the systematic and random error. We summarized this
distribution using the median as the point estimate and the 2.5t and 97.5t" percentile values
to create 95% uncertainty intervals for the corrected FOR.14 All analyses were conducted in
SAS version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS

Among the 421 women in the analytic sample, the median gestational age at report of TTP
was 8 weeks (interquartile range: 6-10). These women tended to be under 30 years of age
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(62%, Table 1), lean (BMI<25 kg/m?: 74%), users of OCs as their last method of
contraception (58%), and primigravid (53%). Compared with 4,625 women who were
excluded from the analysis, included women had similar mean age (28.4 vs. 28.6 years), but
they had a shorter median TTP (2 cycles vs. 9), lower mean BMI (23.4 vs. 24.5 kg/m?), and
were more likely to have regular menstrual cycles (80% vs. 76%), to be non-smokers (88%
vs. 80%), to have completed four years of higher education (66% vs. 57%), and have at least
one child (39% vs. 32%).

Fifty-three percent of retrospective TTP reports agreed exactly with the prospective TTP
measure, 26% were under-estimated, and 21% were over-estimated (Table 2). Recall error =
2 months occurred in 12% of reports. The close agreement was evident in the cross-
tabulation of prospectively- and retrospectively-measured TTP values (Table 3). There was
no obvious digit preference for reporting. Recall error in months ranged from -6 to 18
months with a median of 0 and a mean of —0.11 months (95% CI -0.25, 0.04).

Under-estimation of retrospectively-measured TTP was more likely among those with
longer prospectively-measured TTP (>2 vs. <2 months: mean difference in error=-0.40
months (95% CI1 -0.71, —0.09)). Women with irregular cycles tended to have more negative
recall error than women with regular cycles (mean difference in error=—0.28 months (95%
Cl -0.58, 0.02)). There was little difference in recall error by age (=30 versus <30 years:
mean difference in error=0.01 months (95% CI -0.34, 0.38)) or gravidity (gravid versus
nulligravid: mean difference in error =—0.02 months (95% CI -0.34, 0.29)). Recall error was
not substantially different among women who used barrier methods and OCs as their last
method of contraception (mean difference in error=-0.04 months, 95% CI —0.36, 0.28).

Because retrospectively-measured TTP tended to be under-estimated for prospectively-
measured TTP values>2, the cumulative percent of pregnancy was slightly higher in months
3, 4, and 5 when it was calculated from retrospectively-measured TTP compared with
prospectively-measured TTP (Figure 1).

Sensitivity analyses

Women with irregular cycles, whose menstrual cycles often last >30 days, may become
accustomed to thinking of menstrual cycles, not months, as the unit of attempt time. To
investigate whether this phenomenon biased our data, we conducted a sensitivity analysis
that compared the TTP reported by women with irregular cycles against prospectively-
measured TTP in cycles. Among women with irregular cycles, using menstrual cycles
instead of months as the metric of attempt time resulted in decreased error and a decreased
mean difference in error relative to women with regular cycles, for whom the retrospective
and prospective measures were still defined in months (underestimated TTP: 24% (95% CI
15%, 33%); over-estimated TTP=20% (95% CI 12%, 29%) ; mean difference in error=0.015
(95% CI -0.24, 0.27)).

Ninety-five percent of women analyzed completed the follow-up questionnaires every two
months. A sensitivity analysis conducted among these women produced similar results to the
overall analysis, as did a further sensitivity analysis that restricted to women having less
than two intervening menstrual cycles between completed questionnaires (data not shown).
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Bias Analysis

The bias analysis used data from all 421 women, of whom 247 (58.7%) used OCs as their
last method of contraception. Using prospectively-measured TTP in months, OC use was
associated with a lower fecundability relative to all other methods (FOR = 0.82 (95% ClI
0.67, 0.99); Figure 2). Repeating this analysis using retrospectively-measured TTP yielded
an FOR that was farther from the null (FOR=0.74 (95% CI 0.61, 0.90)). Using the corrected
TTP values, the median FOR was 0.77, and the 95% uncertainty interval incorporating total
study error (systematic and random) was (0.62, 0.96). The 95% uncertainty interval that
accounted only for systematic error was (0.71, 0.84).

COMMENTS

In this prospective study of pregnancy planners who were asked to recall their TTP in
months during early pregnancy, recall error of TTP was on average small. Underestimation
of TTP was greater among women with prospectively-measured TTP>2 relative to
prospectively-measured TTP<2, and among women with irregular cycles relative to regular
cycles. Average recall error was similar across strata of age, gravidity, and last contraceptive
method. Recall error biased the FOR of recent oral contraceptives use away from the null by
10% (0.74 vs. 0.82). A quantitative bias analysis produced a corrected FOR that more
closely approximated the FOR from prospectively-measured TTP and an uncertainty
interval that conveyed both systematic and random error.

This study was the first to compare TTP recalled in pregnancy with prospectively-measured
TTP from the same participants. Baird et al. found the distribution of TTP < 6 cycles
recalled during the first six months of pregnancy nearly matched a distribution of
prospectively-measured TTP from another study.1® Zielhuis et al. found little error on
average in TTP recalled after 3-20 months among 100 women who had participated in a
prospective study of early pregnancy loss® (difference in retrospectively-measured and
prospectively-measured TTP: mean =—0.6 months (95% CI —1.7, 0.5)). Notable differences
between that study and ours are that the prospective measure of TTP in Zielhuis et al.
included a period of time (“several months”) before enrollment, for an unreported but
apparently substantial fraction of participants, and that study included women with TTP>12
months.>

Our finding that longer prospectively-measured TTP was associated with greater under-
estimation of TTP agrees with results from a previous validation study of TTP recalled after
10 years'! and two reliability studies of TTP recalled after 1-4 years® and 11-16 years.1’
Cognitive psychology studies have reported that recalling the timing of past events is subject
to a telescoping effect, in which the duration since a past event tends to be under-
estimated.1® Another reason for this phenomenon is intuitive: larger values of TTP have
more room for error.

Women with irregular menstrual cycles may give a somewhat less accurate report of TTP
when the unit of time is months, not cycles. In planning their pregnancy, they might become
accustomed to thinking of cycles as the unit of time, and their menstrual cycles may tend to
last >30 days. These features could make it harder for them to understand the question and
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harder to recall their TTP in months. In support of this explanation, a sensitivity analysis
found less error among women with irregular cycles when their retrospective report was
interpreted as cycles rather than months. Questionnaire design may enhance reporting
accuracy by eliciting retrospectively-measured TTP in cycles, in addition to months. A
prospective cohort study that enrolls women who have already been attempting pregnancy
may elicit the date of discontinuation of contraception, the most recent LMP date, and the
number of cycles and months attempting pregnancy before the most recent LMP.

Retrospectively-measured TTP differed from prospectively-measured TTP by =1 month in
47% of responses, and by = 2 months in only 12%. Although many women failed to recall
their precise TTP, the great majority was able to recall its approximate value. There are
alternative explanations for the preponderance of responses with a small amount of
discrepancy between prospectively-measured and retrospectively-measured TTP. The
discrepancy may reflect rounding error from reporting the number of months as an integer.
Some women may have misunderstood the question and reported how many months they
tried before the month when they got pregnant. Others may have reported TTP in cycles
instead of months. Limitations in data collection by questionnaire may have resulted in
counting a cycle when the participant was enrolled in the study but did not have sexual
intercourse during the fertile period. In such a situation, the participant would have rightly
subtracted one cycle from her TTP. Furthermore, prospectively-measured TTP was
calculated from the LMP date on the baseline and follow-up questionnaires, and participants
recalled these dates. The LMP date should be recalled highly accurately by someone
planning pregnancy.

Because our study was limited to participants who became pregnant within < 12 months, we
were not able to assess recall error or digit preference for TTP>12 months, which would
presumably have greater recall error. While we found no obvious digit preference in our
retrospective measure of TTP, previous studies have shown evidence of digit preference at
1,116, 19 and 12 cycles.1® It is uncertain how recall error may differ by pregnancy outcome
in our study, though validity of recalled TTP after 10 years did not depend on pregnancy
outcome in a previous study.11

Our results would be applicable to pregnant women who planned their pregnancy because
recalled TTP is usually not assessed for unplanned pregnancies. There are limitations to the
generalizability of our findings due to certain features of the study and study population that
may have improved recall. First, women who volunteer for a prospective study of TTP,
especially in the first month of trying, may be more vigilant than women who do not
volunteer for a prospective study of TTP, and this may translate to more accurate recall.
Second, study participation was associated with high educational attainment, which may
indicate more accurate recall.2? These two limitations would not greatly affect
generalizability if inferences are limited to women who both plan their pregnancy and
volunteer for epidemiologic studies. Pregnancy planning itself tends to be associated with
greater socioeconomic advantage, in terms of marital status, education, and household
income.2! Third, the participants completed questionnaires during their pregnancy attempt,
which may have improved recall accuracy compared with that from a pregnant mother in a
retrospective TTP study. Fourth, the recall interval was short. For all these reasons, the
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estimates of error in this study may be viewed as a “best case scenario” for the extent of the
recall error in TTP < 12 months.

Studies of fertility and pregnancy outcomes often rely on recalled TTP. This study provides
evidence that TTP < 12 months recalled during the first trimester of pregnancy has
reasonable validity. In future studies, our method for quantitative bias analysis of the FOR
can help researchers explore the effect of recall error on their results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative percent pregnant according to prospectively-measured TTP and retrospectively-
measured TTP: 421 women, The Snart-Gravid Study, Denmark, 2007-2012.
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Figure 2.
Association of oral contraceptives for last contraceptive method with fecundability among

421 women: The Snart-Gravid Study, Denmark, 2007-2012.
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Characteristics of 421 women who recalled their time-to-pregnancy in the first trimester: The Snart-Gravid
Study, Denmark, 2007-2012.

Characteristic Per cent
Gestational age, weeks (median) 8
Age <30 (%) 62
Body mass index, kg/m? (%)

<20 17

20-24 57

25-29 20
230 6
Regular cycles (%) 80
Last method of contraception (%)

Oral contraceptive pills 58

Barrier methods 34

Other2 8
Gravid (%) 47
Parous (%) 39
Current smoker (%) 12

a . .
Includes withdrawal and fertility awareness methods.
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