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Objective: To develop a model predictive of live-birth rates (LBR) and multiple birth rates (MBR) for an individual considering assisted
reproduction technology (ART) using linked cycles from Society for Assisted Reproductive Technology Clinic Outcome Reporting
System (SART CORS) for 2004–2011.
Design: Longitudinal cohort.
Setting: Clinic-based data.
Patient(s): 288,161 women with an initial autologous cycle, of whom 89,855 did not become pregnant and had a second autologous
cycle and 39,334 did not become pregnant in the first and second cycles and had a third autologous cycle, with an additional 33,598
women who had a cycle using donor oocytes (first donor cycle).
Intervention(s): None.
Main Outcome Measure(s): LBRs and MBRs modeled by woman's age, body mass index, gravidity, prior full-term births, infertility
diagnoses by oocyte source, fresh embryos transferred, and cycle, using backward-stepping logistic regression with results
presented as adjusted odds ratios (AORs) and 95% confidence intervals.
Result(s): The LBRs increased in all models with prior full-term births, number of embryos transferred; in autologous cycles also with
gravidity, diagnoses of male factor, and ovulation disorders; and in donor cycles also with the diagnosis of diminished ovarian reserve.
The MBR increased in all models with number of embryos transferred and in donor cycles also with prior full-term births. For both
autologous and donor cycles, transferring two versus one embryo greatly increased the probability of a multiple birth (AOR 27.25
and 38.90, respectively).
Conclusion(s): This validated predictive model will be implemented on the Society for Assisted
Reproductive Technology Web site (www.sart.org) so that patients considering initiating a
course of ART can input their data on the Web site to generate their expected outcomes. (Fertil
Steril� 2014;102:744–52. �2014 by American Society for Reproductive Medicine.)
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O ver the last quarter of a century assisted reproduction
technology (ART) has become more integrated into
U.S. society to the point that more than 1% of births

annually are achieved by this method (1). During this time,
there have been major developments in techniques and
progressive improvements in pregnancy outcomes (2).
Providers of ART are required by U.S. law to report annual
success rates to the Centers for Disease Control and Preven-
tion (CDC) (3). The benefit of these data being collected for
U.S. families is that it has resulted in a large, contemporary
database with sufficient detail to permit estimation of prob-
abilities of a live birth. Generating realistic probabilities
over the course of several cycles based on individualized
factors may be the deciding factor for many patients consid-
ering treatment. For clinicians, the ability to weigh the rela-
tive effects of individual factors before starting treatment
may facilitate planning a more accurate course of therapy.
Several prediction models have been proposed, each with
exclusions and limitations (4–6). The purpose of this
analysis is to develop a model predictive of live birth and
multiple births within the first three fresh autologous
cycles and first fresh donor cycle using a contemporary
U.S. national database and to implement this model on the
on the Society for Assisted Reproductive Technology
(SART) Web site (www.sart.org).

MATERIALS AND METHODS
The data source for this study was the SART Clinic Outcome
Reporting System (SART CORS), which contains comprehen-
sive data frommore than 90% of all clinics performing ART in
the United States. Data were collected and verified by SART
and reported to the CDC in compliance with the Fertility Clinic
Success Rate and Certification Act of 1992 (Public Law
102-493). The data in the SART CORS are validated annually
(7, 8) with some clinics having on-site visits for chart review
based on an algorithm for clinic selection. During each visit,
data reported by the clinic were compared with information
recorded in patients' charts. In 2010, records for 2,070 cycles
at 35 clinics were randomly selected for full validation, along
with 135 embryo-banking cycles (7). The full validation
included review of 1,352 cycles for which a pregnancy was
reported, of which 446 were multiple-fetus pregnancies.
Nine out of 10 data fields selected for validation were found
to have discrepancy rates of %5%. The exception was the
diagnosis field, which had a discrepancy rate of 18%. For
approximately 20% of the discrepancies, a single wrong diag-
nosis was reported, mainly the diagnoses of ‘‘other’’ or ‘‘unex-
plained,’’ instead of a specific cause. For another 50% of the
discrepancies, multiple causes of infertility were found in
the medical record, but only a single cause was reported.
The study was approved by the Committees for the Protection
of Human Subjects at Dartmouth College, and Michigan State
University, respectively, and was analyzed using SAS 9.2
software (Cary, NC).

Linking Cycles to Individual Women

Women whose first treatment cycle was initiated between
January 1, 2004, and December 31, 2011, and reported to

the SART CORS database were included. Cycles were linked
by woman's date of birth, last name, first name, and social
security number (when present); linkages across clinics also
included partner's name and sequence of ART outcomes, as
needed. Cycles were linked in a series of steps that involved
matching the cycles with exact name and date of birth first
(step ‘‘E’’ for exact) followed by matches that were progres-
sively less certain due to variations in spelling or format of
names, changes in names over time, or data entry error (steps
Number 1 to Number 5). Programmed steps were checked for
accuracy by reviewing a portion of the records by hand. The
first match step (E, exact) was for exact matches. The majority
of these were repeat cycles within a single clinic, but when a
patient attended more than one clinic and when name, date of
birth, and social security number matched between clinics,
this was also considered an exact match.

The secondmatch step (Number 1) involved coding names
using Soundex software (Soundex SQL Server 2000) to facili-
tate phonetic matches in names entered differently across
clinics (e.g., Frazier and Frasier; O'Neill and O'Neal). These
matcheswere accepted if the date of birth and/or social security
numbersmatched.At theNumber-2 level, cycleswerematched
that differed as the result of the presence of special characters
or hyphenated names. Cycles were sorted first by date of birth
and then by last name and first name. Social security numbers
and partner name were used to adjudicate uncertain matches.
The Number-3 level checked for those patients with the same
first and last name and date of birth that agreed by month
but differed by plus or minus 1 year. At the Number-4 level
we checked those patients with the same first and last name
and a date of birth containing the same month and day but a
different year. At the Number-5 level we reviewed patients
with the samedate of birth andfirst namebutwhose last names
differed, which might occur due to marriage or divorce. At
steps Number 3 to Number 5, all close matches were again
adjudicated by social security numbers or partner name.

We excluded from these analyses women for whom there
was a reported history in the first cycle of a prior ART cycle
and women whose first cycle used a frozen embryo (which
indicated previous ART treatment). Cycles were also excluded
from analyses if designated as research, embryo banking, or
using a gestational carriers (surrogates); in such cases, all
subsequent cycles were also excluded. Cycles up to and
including the first live birth were used; that is, cycles were
censored after a live birth. Included were the first three fresh
autologous cycles and the first fresh donor cycle. When esti-
mating the live-birth rate at the second or third cycle, the
latter cycle (second or third, respectively) must have occurred
by December 31, 2011.

Selection of Factors

The objective of developing these models was to provide
estimates of the probability of a live birth and a multiple birth
to an individual considering ART treatment for the first time.
Based on prior research (9–13), the relevant factors for the
model included age, body mass index (BMI, kg/m2),
diagnosis of the cause of the infertility, and prior birth
history. We considered including race/ethnic origin because
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