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Abstract

OBJECTIVE—To assess trends of tubal factor infertility and to evaluate risk of miscarriage and 

delivery of preterm or low birth weight (LBW) neonates among women with tubal factor 

infertility using assisted reproductive technology (ART).

METHODS—We assessed trends of tubal factor infertility among all fresh and frozen, donor, and 

nondonor ART cycles performed annually in the United States between 2000 and 2010 

(N=1,418,774) using the National ART Surveillance System. The data set was then limited to 

fresh, nondonor in vitro fertilization cycles resulting in pregnancy to compare perinatal outcomes 

for cycles associated with tubal compared with male factor infertility. We performed bivariate and 

multivariable analyses controlling for maternal characteristics and calculated adjusted risk ratios 

(RRs) and 95% confidence intervals (CI).

RESULTS—The percentage of ART cycles associated with tubal factor infertility diagnoses 

decreased from 2000 to 2010 (26.02–14.81%). Compared with male factor infertility, tubal factor 

portended an increased risk of miscarriage (14.0% compared with 12.7%, adjusted RR 1.08, 95% 

CI 1.04–1.12); risk was increased for both early and late miscarriage. Singleton neonates born to 

women with tubal factor infertility had an increased risk of pre-term birth (15.8% compared with 

11.6%, adjusted RR 1.27, 95% CI 1.20–1.34) and LBW (10.9% compared with 8.5%, adjusted RR 

1.28, 95% CI 1.20–1.36). Significant increases in risk persisted for early and late preterm delivery 

and very low and moderately LBW delivery. A significantly elevated risk was also detected for 

twin, but not triplet, pregnancies.

CONCLUSION—Tubal factor infertility, which is decreasing in prevalence in the United States, 

is associated with an increased risk of miscarriage, preterm birth, and LBW delivery as compared 

with couples with male factor infertility using ART.
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Tubal and peritoneal pathology, one of the most common causes of infertility, contributes to 

30–35% of known infertility among women.1 Hydrosalpinx, accumulation of fluid within a 

diseased fallopian tube, present at the time of in vitro fertilization (IVF), decreases 

pregnancy rates significantly and has been linked with increased spontaneous miscarriage 

rates.2–6 The association persists with oocyte donation suggesting an etiology unrelated to 

oocyte quality.7 Infectious and inflammatory states, including prior pelvic infection, have 

been associated with preterm labor; however, studies investigating the effect of tubal disease 

on perinatal outcomes are limited.8–12 A secondary analysis of Centers for Disease Control 

and Prevention (CDC) surveillance data suggests an increased risk of preterm or low birth 

weight (LBW) delivery among singleton live births to women with tubal disease who 

underwent IVF in 2008.13

Preterm birth remains the largest contributor to perinatal morbidity and mortality 

worldwide.14 The elevated preterm delivery rate in developed countries may partially reflect 

increased numbers of multiple gestations secondary to heightened use of assisted 

reproductive technology (ART); however, evidence suggests that even singleton IVF 

pregnancies are at increased risk of adverse perinatal outcomes.15–20 Although the 

pathophysiology remains unclear, well-established risks exist between IVF and preterm 

labor and LBW among singleton pregnancies.15–20

Because infectious and inflammatory states have been associated with preterm labor,10–12 

we hypothesize that among women who undergo IVF, those with tubal disease are at 

increased risk of miscarriage and of adverse perinatal outcomes, namely preterm and LBW 

delivery. The goal of this study is to use national data to examine trends of tubal factor 

infertility and to assess the risk of adverse perinatal outcomes associated with IVF cycles 

among women with tubal factor infertility as compared with IVF cycles conducted resulting 

from male factor infertility.

METHODS

Data used in this study were obtained from the National ART Surveillance System, a 

federally mandated reporting system that collects information about ART cycles performed 

in the United States (Fertility Clinic Success Rate and Certification Act of 1992, Public Law 

No. 102–493, October 24, 1992).21 Assisted reproductive technology procedures include 

those involving the laboratory handling of gametes, namely IVF–transcervical embryo 

transfer, gamete intrafallopian transfer, and zygote intrafallopian transfer. The National ART 

Surveillance System data on reported ART cycles include patient demographics, medical 

and obstetric history, infertility diagnoses, detailed parameters of each ART treatment cycle, 

and, if applicable, the resultant pregnancy outcome. Although 6–12% of ART clinics did not 

report data to the CDC in any given year between 2000 and 2010, we estimate that the 

National ART Surveillance System includes data from more than 95% of all ART cycles 

performed in the United States; most nonreporting clinics perform very few procedures 

annually.22 Additionally, for each of the study years, approximately 7–10% of reporting 

clinics were randomly selected for full validation. During validation, ART data reported by 

the clinics are compared with information recorded in medical records and discrepancy rates 

are calculated. Overall, discrepancy rates for the variables evaluated in the present study 
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were less than 5%; however, diagnosis of infertility had higher discrepancy rates (up to 

18%), mostly as a result of report of “other” or “unexplained” infertility instead of a specific 

cause. For these analyses, we used all available data meeting the criteria described 

subsequently.

To explore trends in tubal factor infertility, we included all fresh and frozen, donor, and 

nondonor ART cycles performed in the United States between 2000 and 2010 that did not 

use a gestational carrier (N=1,418,774). Clinicians may select one or multiple diagnoses to 

report tubal factor infertility. Options include “tubal factor,” “tubal ligation, not reversed,” 

“tubal disease, hydrosalpinx in place,” and “other tubal disease, not hydrosalpinx.” Although 

information on the methods of tubal factor infertility diagnosis was not collected, 

hydrosalpinx may be diagnosed by hysterosalpingogram, transvaginal ultrasonography, or at 

time of laparoscopy. In the trends analysis, we report the number and percent of cycles with 

any diagnosis of tubal factor, which includes cycles for which additional infertility 

diagnoses are reported.

To avoid misclassification and confounding, for all subsequent analyses, cycles were limited 

to those for which only one infertility diagnosis was reported (tubal factor only or male 

factor only). “Male factor infertility only” was chosen as the comparison group because it 

suggests a female without known infertility. Couples with only male factor infertility often 

require use of ART because of semen parameters that make intrauterine insemination with 

autologous semen unlikely to be successful. We only included fresh, nondonor ART cycles 

resulting in pregnancy to decrease potential confounding associated with frozen and donor 

cycles. Gestational carrier cycles were excluded because the intrauterine environment would 

not reflect the tubal factor diagnosis. Cycles were considered to result in pregnancy if they 

had an outcome of clinical intrauterine gestation or heterotopic pregnancy; cycles that had 

no indication of pregnancy from either β-human chorionic gonadotropin or ultrasonography 

or were biochemical or ectopic pregnancies were excluded. The National ART Surveillance 

System definition for a clinical intrauterine gestation is ultrasonographic confirmation of 

gestational sac(s) within the uterus, regardless of whether a heartbeat(s) is observed or fetal 

pole established. Without ultrasonographic data, confirmation is achieved through 

documented birth, spontaneous miscarriage, or induced abortion.

The three primary outcomes of interest were miscarriage, preterm delivery, and LBW 

delivery. A cycle was classified as a miscarriage if the patient was reported to have had a 

spontaneous miscarriage and the gestational age was less than 20 weeks. As a secondary 

analysis, we also explored early miscarriage (spontaneous miscarriages with a gestational 

age of less than 15 weeks) and late miscarriage (spontaneous miscarriages with a gestational 

age between 15 and 20 weeks). Birth outcomes (preterm delivery and LBW delivery) were 

analyzed at the neonate level; the outcome for each neonate of a multiple gestation 

pregnancy was thus counted as an individual unit. A neonate was defined as preterm if he 

had a gestational age of less than 37 weeks and LBW if he had a birth weight of less than 

2,500 g at birth. As secondary analyses, we defined early pre-term birth to be less than 32 

weeks of gestation and late preterm birth to be between 32 and 37 weeks of gestation. We 

defined very LBW as less than 1,500 g and moderately LBW between 1,500 and 2,500 g. To 

account for the contribution of plurality to gestational age and birth weight, the analyses of 
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preterm birth and LBW were stratified by the number of neonates (singletons, twins, triplets, 

or more).

Bivariate analyses were conducted to explore the relationship between type of infertility 

(tubal factor only or male factor only) and other maternal characteristics. Bivariate analyses 

also were conducted to explore the relationship between each outcome of interest 

(miscarriage, preterm delivery, and LBW) and all maternal characteristics, including type of 

infertility. Secondary outcomes (early miscarriage, late miscarriage, early preterm birth, late 

preterm birth, very LBW, and moderate LBW) were included in the bivariate analyses for 

exploratory purposes. Risk ratios (RRs), 95% confidence intervals (CIs), and P values were 

generated using log-binomial modeling. In a few cases, the log-binomial model did not 

converge and a Poisson model with a robust error variance was used instead.23

Multivariable analyses were conducted to explore the relationship between each primary 

outcome of interest (miscarriage, preterm delivery, and LBW) and type of infertility, holding 

constant all other maternal characteristics included in the models. Secondary outcomes 

(early and late preterm birth, very and moderately LBW) were not included in the 

multivariable analysis. Maternal characteristics controlled for include maternal age, number 

of prior spontaneous miscarriages, number of prior preterm births, number of prior full term 

births, number of prior ART cycles, use of intracytoplasmic sperm injection, use of assisted 

hatching, the embryo stage at transfer, the number of embryos transferred, the number of 

supernumerary embryos cryopreserved, the number of oocytes retrieved, and year. 

Maximum number of fetal heartbeats was also controlled for in the preterm and LBW 

analyses but was excluded from the miscarriage analyses as a result of missing data among 

miscarriages that occurred at an early gestational age. Although the number of prior 

pregnancies was included in the bivariate tables, this variable was not controlled for in the 

multivariable models as a result of inclusion of the number of prior spontaneous 

miscarriages, preterm births, and full-term births. Race or ethnicity was also included in the 

bivariate tables but not in the multivariable analysis because over 40% of the observations 

were missing. However, because race or ethnicity is a known risk factor for adverse 

perinatal outcomes, we performed a secondary analysis including race. Risk ratios, 95% CI, 

and P values were generated using a Poisson model with a robust error variance. For all 

modeling, generalized estimating equations with an exchangeable correlation matrix were 

used to capture the clustering of twins and triplets for the neonatal outcomes.

Statistical significance was determined using an α of .05. All analyses were conducted using 

SAS 9.2. This study was approved by the institutional review board of the CDC.

RESULTS

In the United States between 2000 and 2010, physicians performed 274,525 fresh and frozen 

IVF cycles for which tubal disease was a contributing factor. Of these, 142,939 cycles were 

performed on patients with no additional infertility diagnoses. Over the 11-year period, the 

percentage of total ART cycles performed in which tubal factor was included as a diagnosis 

but may not have been the primary indication for therapy decreased from 26.0% to 14.8% 

(Fig. 1). The absolute number decreased slightly from 25,615 to 22,433 cycles per year. A 
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test for trend in the proportion of cycles with primary or secondary diagnosis of tubal factor 

infertility indicated a significant decline (P<.001).

In the United States between 2000 and 2010, physicians performed 40,046 fresh nondonor 

IVF cycles resulting in pregnancy for which the only infertility diagnosis was tubal factor 

and 78,308 cycles for which the sole diagnosis was male factor infertility (Table 1). The 

amount of missing data was less than 0.5% for all variables except race (41.3%) and number 

of fetal heartbeats (5.7%). All maternal characteristics reported for these pregnancies, except 

embryo stage at the time of transfer, were significantly different between those for which 

tubal factor was the reported cause of infertility as compared with male factor infertility. 

Notably, those with tubal factor infertility were more likely to be older and to have had prior 

pregnancies (miscarriages, preterm births, and full-term births). Those with tubal factor 

infertility were also more likely to have fewer oocytes retrieved, to have a larger number of 

embryos cryopreserved, to have a larger maximum number of fetal heartbeats, and to have a 

cycle resulting in no live births. Those with tubal factor infertility were less likely to be non-

Hispanic white, to have a history of ART use, and to have used intracytoplasmic sperm 

injection or assisted hatching.

The bivariate analysis indicated a slight increase in the risk of miscarriage for pregnancies 

resulting from ART cycles among women with tubal factor infertility (14.0%) as compared 

with cycles among women whose partners had male factor infertility (12.7%) (RR 1.11, 

95% CI 1.07–1.14, P<.001) (Table 2). The risk of early and, to a greater extent, late 

miscarriage was also higher in the tubal factor group, 12.9% compared with 12.0% (RR 

1.08, 95% CI 1.04–1.11, P<.001) in the early group and 1.5% compared with 0.9% (RR 

1.61, 95% CI 1.43–1.81, P<.001) in the late group. The adjusted relative risk estimate for 

miscarriage from multivariable analysis for all cycles was similar to the unadjusted estimate 

(adjusted RR 1.08, 95% CI 1.04–1.12, P=.001). Of note, a significant (P=.003) interaction 

was identified between miscarriage and history of spontaneous miscarriage. Among women 

with no previous miscarriage, tubal factor portends a significantly increased risk of 

miscarriage (adjusted RR 1.12, 95% CI 1.07–1.17, P<.001); however, for women with a 

history of miscarriage, tubal factor does not appear to further increase the risk of subsequent 

miscarriage.

Singletons and twins born to women with tubal factor infertility were found to have an 

increased risk of preterm delivery (Table 3). Among singletons, the bivariate results 

indicated that the preterm birth rate for neonates born to women with tubal disease was 

15.8% compared with 11.6% in the male factor group, (RR 1.37, 95% CI 1.32–1.43, P<.

001). An increased risk was observed for early (RR 1.67, 95% CI 1.52–1.84, P<.001) and 

late (RR 1.34, 95% CI 1.28–1.40, P<.001) preterm birth. The increased risk for preterm 

delivery did not substantially change after controlling for maternal characteristics (adjusted 

RR 1.27, 95% CI 1.20–1.34, P<.001). Similarly, among twin births, an increased risk of 

preterm delivery was detected for neonates born to women with tubal factor, although the 

magnitude of the increased risk was smaller. For the bivariate analysis, again, the most 

notable increase in risk was for early preterm birth (RR 1.32, 95% CI 1.24–1.40, P<.001). 

The adjusted relative risk estimate from multivariable analysis of the twin data did not differ 

from the unadjusted estimate (adjusted RR 1.06, 95% CI 1.03–1.08, P<.001). For triplets, 
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there was no evidence of a significant increase in risk of preterm birth among neonates born 

to women with tubal factor as compared with male factor infertility. The relative risk 

approached one for all bivariate and multivariable results for triplet pregnancies.

Similarly, singletons and twins born to women with tubal factor infertility were found to 

have an increased risk of delivering a LBW neonate (Table 4). Among singleton 

pregnancies, LBW delivery was more likely for neonates born to women with tubal factor 

compared with male factor infertility (RR 1.28, 95% CI 1.22–1.34, P<.001). An increased 

risk was also observed for very low (RR 1.70, 95% CI 1.52–1.90, P<.001) and moderately 

low (RR 1.21, 95% CI 1.14–1.28, P<.001) birth weight. The relative risk estimate for LBW 

delivery from the multivariable model did not differ from the unadjusted estimate (adjusted 

RR 1.28, 95% CI 1.20–1.36, P<.001). Among twin births, again, neonates born to women 

with tubal factor had an increased risk of LBW delivery, although the magnitude of the risk 

estimate was smaller. For the bivariate analysis, the most notable increase in risk was for 

very LBW (RR 1.22, 95% CI 1.15–1.30, P<.001). The multivariable analysis also indicated 

a significantly increased risk in LBW delivery (adjusted RR 1.08, 95% CI 1.05–1.10, P<.

001) for twins after adjusting for maternal characteristics. For triplets, there was no evidence 

of a significant increase in risk of LBW delivery among those neonates born to mothers with 

tubal factor as compared with male factor infertility. The relative risk approached one for all 

bivariate and multivariable results for triplet pregnancies.

The relationships between tubal factor and miscarriage, preterm delivery, and LBW 

persisted when race was incorporated into the multivariable analysis. More specifically, the 

adjusted RR for miscarriage changed minimally from 1.08 to 1.06 (95% CI 1.01–1.12, P=.

031) after also controlling for race or ethnicity in the multivariate model. The adjusted RR 

for pre-term delivery changed only slightly for singleton, twin, and triplet neonates when 

controlling for race or ethnicity. Among singletons, the adjusted RR decreased slightly from 

1.27 to 1.20 (95% CI 1.12–1.28, P<.001); among twins, the adjusted RR remained the same 

at 1.06 (95% CI 1.02–1.09, P=.001); among triplets, the adjusted RR also remained the same 

at 0.99 (95% CI 0.97–1.01, P=0.22). Similarly, the heightened risk of LBW delivery among 

singleton neonates born to women with tubal factor remained significant but of a slightly 

smaller magnitude with the adjusted RR decreasing from 1.28 to 1.15 (95% CI 1.06–1.25, 

P=.001) after including race or ethnicity. For twins, the adjusted RR also decreased slightly 

from 1.08 to 1.04 (95% CI 1.01–1.07, P=.011), whereas for triplets, the adjusted RR was not 

significant.

DISCUSSION

The annual percentage of ART cycles associated with a primary or secondary diagnosis of 

tubal factor infertility decreased from 2000 to 2010. Our study suggests that tubal factor 

portended a small but significant increased risk of any, early, and late miscarriage. Our 

results also suggest that singleton neonates born to women with tubal factor infertility had 

an increased risk of preterm and LBW delivery. These findings persisted for early and late 

preterm delivery and for very low and moderately LBW delivery. Notably, the greatest 

magnitude of increased risk was observed for the most severe categories of the outcomes, 
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namely late miscarriage, early preterm birth, and very LBW. The associations remained 

significant for twin but not triplet pregnancies.

The temporal decrease in the annual percentage of ART cycles performed secondary to tubal 

factor is likely the result of an increasing number of alternative indications for use of ART 

making tubal factor a smaller portion of total cycles performed. The absolute number of 

tubal factor patients has also decreased slightly over the 11-year period but to a lesser degree 

than the percentage. This decline may result from improved treatment of pelvic infection 

because the rates of pelvic inflammatory disease in the United States have been trending 

downward.24

Our results are consistent with the previously described relationship between hydrosalpinx 

present at the time of IVF and increased risk of spontaneous miscarriage.2,3,5–7 Our 

observed risk is likely underestimated. As a result of limitations in categorizing detailed 

tubal status, our study population included not only patients with untreated hydrosalpinx, but 

also those with a history of hydrosalpinx who have undergone a salpingectomy, tubal 

ligation, or hysteroscopic tubal occlusion. When clinicians submit data to the CDC, it is 

feasible that they could have placed a patient with a history of excised or occluded 

hydrosalpinx in any of these tubal categories: “tubal factor,” “tubal ligation, not reversed,” 

or “other tubal disease, not hydrosalpinx.” Those with treated hydrosalpinx may have a 

lower risk of miscarriage and poor perinatal outcomes compared with their untreated 

counterparts. Moreover, patients with untreated hydrosalpinx may be at an increased risk, 

potentially greater than that calculated in this study, of not only miscarriage, but also of 

delivering a preterm or LBW neonate.

Increased risk of delivering a preterm or LBW neonate was most notable in singleton 

pregnancies. This difference likely reflects the innate risk of preterm and LBW delivery 

associated with multiple gestations, making the contribution of tubal factor to poor outcomes 

less apparent in twin and, more so, in triplet pregnancies. Additionally, because our control 

group was also infertile and used ART, the observed association between tubal factor and 

perinatal outcomes would likely be even greater if it were compared with spontaneously 

conceived neonates who, as a group, do not possess the elevated risk of preterm and LBW 

delivery detected for ART-conceived neonates.15–20

As with any study using a national database, we are limited by the accuracy of data entered 

by individual clinics. Additionally, because data collection is cycle-based and is not linked 

over time, women who underwent more than one fresh IVF cycle that resulted in a 

pregnancy in the 11-year period would likely have been included more than once in these 

data. Ideally, we would also have controlled for additional medical and social history 

characteristics such as presence or absence of hypertensive disorder or diabetes, patient body 

mass index, or tobacco use status. The CDC recently has begun to collect some of this 

additional data, but it was unavailable for all study years of interest. Future studies 

incorporating more detailed patient information may help to affirm our current findings.

The study is strengthened by the large sample size and by the high compliance of clinics 

with nationally mandated fertility clinic reporting. We were able to control for maternal age, 

Kawwass et al. Page 7

Obstet Gynecol. Author manuscript; available in PMC 2015 March 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



obstetric history, number of prior ART cycles, number of oocytes retrieved, use of 

intracytoplasmic sperm injection or assisted hatching, embryo stage and number at transfer, 

number of supernumerary embryos cryopreserved, number of fetal heartbeats, and year of 

treatment in our multivariable analysis. Additionally, despite the large proportion of missing 

data for patient race and ethnicity, we were able to perform a secondary analysis 

incorporating race. This affirmed our initial findings and suggests that race is not a 

confounding factor in the elevated risk associated with tubal disease.

Women with tubal disease are at known risk of pregnancy failure and miscarriage15–20; our 

findings suggest they may also be at increased risk of delivering preterm or LBW neonates. 

The apparent further heightened risk of the more severe of these perinatal outcomes, namely, 

late miscarriage and early pre-term and very LBW delivery, warrants further study because 

additional monitoring or follow-up with a maternal fetal medicine specialist may be 

indicated. Prior pelvic infection with resultant tubal disease has been shown to be associated 

with persistently elevated chlamydial IgG antibody titers and with heat shock proteins that 

act as proinflammatory mediators suggesting a long-lasting inflammatory state among 

women with history of pelvic infection.8,9 An infectious or inflammatory state may 

contribute to pre-term delivery; our findings lend support to the need for basic science 

research exploring the etiology and pathophysiology of these poor obstetric outcomes, 

which could potentially help address calls from the World Health Organization and the 

March of Dimes to decrease preterm delivery.25 Finally, our findings provide evidence 

regarding potential sequelae of untreated cervicitis. Ascending pelvic infection and resultant 

tubal disease contribute not only to infertility, but may also contribute to poor obstetric 

outcomes, both of which may be prevented by physician compliance with sexually 

transmitted infection screening and prompt treatment of pelvic infection.
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Fig. 1. 
Trends over time in tubal factor infertility among all women undergoing assisted 

reproductive technology, including fresh and frozen, donor, and nondonor cycles, 2000–

2010. Gestational carriers excluded.
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Table 1

Maternal Characteristics of Pregnancies Resulting From Fresh, Nondonor In Vitro Fertilization Cycles by 

Type of Infertility, 2000–2010

Characteristic Tubal Factor Only Male Factor Only P

Total 40,046 78,308

Maternal age (y)* <.001

 Younger than 30 5,678 (14.18) 15,944 (20.36)

 30–34 15,716 (39.24) 32,959 (42.09)

 35–39 15,630 (39.03) 25,253 (32.25)

 40 or older 3,022 (7.55) 4,152 (5.30)

Race or ethnicity† <.001

 Non-Hispanic white 16,497 (69.58) 36,882 (80.55)

 Non-Hispanic black 2,968 (12.52) 1,832 (4.00)

 Asian or Pacific Islander 1,428 (6.02) 3,611 (7.89)

 Hispanic 2,756 (11.62) 3,391 (7.41)

 Other 62 (0.26) 69 (0.15)

No. of prior pregnancies* <.001

 0 11,616 (29.03) 44,425 (56.83)

 1 8,715 (21.78) 21,005 (26.87)

 2 or more 19,680 (49.19) 12,736 (16.29)

No. of prior miscarriages* <.001

 0 25,101 (62.90) 61,574 (79.01)

 1 8,611 (21.58) 12,449 (15.97)

 2 or more 6,196 (15.53) 3,910 (5.02)

No. of prior preterm births* <.001

 0 38,601 (96.76) 76,517 (98.33)

 1 or more 1,291 (3.24) 1,303 (1.67)

No. of prior full-term births* <.001

 0 23,162 (57.97) 59,871 (76.71)

 1 8,011 (20.05) 15,412 (19.75)

 2 or more 8,779 (21.97) 2,763 (3.54)

No. of prior ART cycles* <.001

 0 25,525 (63.76) 48,298 (61.71)

 1 6,897 (17.23) 14,400 (18.40)

 2 or more 7,610 (19.01) 15,572 (19.90)

Use of intracytoplasmic sperm injection* <.001

 Used 15,963 (39.90) 73,471 (93.84)

 Did not use 24,048 (60.10) 4,822 (6.16)

Use of assisted hatching* <.001

 Used 13,899 (34.71) 28,476 (36.36)

 Did not use 26,147 (65.29) 49,832 (63.64)
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Characteristic Tubal Factor Only Male Factor Only P

Embryo stage at transfer* 0.869

 Day 3 24,187 (65.91) 47,463 (66.06)

 Day 5 12,511 (34.09) 24,390 (33.94)

 Other 3,179 (7.97) 6,194 (7.94)

No. of embryos transferred* <.001

 1 1,738 (4.34) 4,147 (5.30)

 2 19,423 (48.50) 40,883 (52.21)

 3 12,122 (30.27) 22,068 (28.18)

 4 or more 6,763 (16.89) 11,210 (14.32)

No. of supernumerary embryos cryopreserved* <.001

 0 20,915 (52.45) 41,908 (53.72)

 1–2 5,578 (13.99) 12,061 (15.46)

 3–4 5,424 (13.60) 10,668 (13.67)

 5 or more 7,960 (19.96) 13,374 (17.14)

No. of oocytes retrieved* <.001

 0–10 15,029 (37.53) 25,476 (32.53)

 11–20 18,531 (46.27) 38,646 (49.35)

 21 or more 6,486 (16.20) 14,186 (18.12)

No. of fetal heartbeats at first ultrasonography‡ <.001

 1 23,527 (62.51) 47,033 (63.58)

 2 12,066 (32.06) 23,461 (31.71)

 3 or more 2,044 (5.43) 3,485 (4.71)

No. of births (live birth and stillbirth)* <.001

 0 6,758 (16.88) 11,501 (14.69)

 1 21,858 (54.58) 44,664 (57.04)

 2 10,430 (26.05) 20,539 (26.23)

 3 or more 1,000 (2.50) 1,604 (2.05)

ART, assisted reproductive technology.

Data are n (%) unless otherwise specified.

*
Less than 0.54% missing data.

†
41.28% missing data.

‡
5.69% missing data.
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