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Abstract
Objective—To investigate the association between infertility treatments and gestational
hypertension and preeclampsia.

Design—Retrospective observational cohort.

Setting—General population, United States and Canada.

Patients—5151 women with non-malformed infants participating in the Slone Epidemiology
Center Birth Defects Study between 1998 and 2006.

Interventions—Women were interviewed within six months after delivery about
sociodemographic and medical factors, the onset of gestational hypertension and preeclampsia, and
about infertility treatments.

Main Outcome Measures—We estimated relative risks and 95% confidence intervals using
unconditional logistic regression.

Results—The incidence of gestational hypertension was 8.9% (423/4762) among women without
infertility treatments, and 15.8% (55/349) among women undergoing infertility treatments.
Compared to spontaneous pregnancies, the crude relative risk for gestational hypertension in
pregnancies resulting from infertility treatments was 1.9 (95% confidence interval 1.4–2.6).
Multivariate adjustment for parity and pre-pregnancy BMI resulted in a relative risk of 1.6 (1.1–2.1).
Further adjustment for multiple pregnancies, or restriction of the analyses to singleton pregnancies,
moved the relative risk to 1.3. Each specific infertility procedure or drug was associated with a
similarly elevated risk, which disappeared after adjustment for multiple gestations. Results were
similar for preeclampsia.
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Conclusion—Pregnancies resulting from infertility treatments have a higher incidence of
gestational hypertension and preeclampsia than spontaneous conceptions. This increased risk is
largely explained by the higher frequency of multiple gestations.
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INTRODUCTION
Preeclampsia, clinically recognized by gestational hypertension with proteinuria, is a leading
cause of maternal and perinatal morbidity and mortality. Although it is widely accepted that
the disorder starts with defective implantation, the ultimate causes are still unclear.(1) Among
other mechanisms, it has been proposed that preeclampsia is the consequence of a maternal
immune reaction against paternal antigens expressed in the placenta,(2) and that this reaction
might result in defective trophoblast invasion and subsequent placental dysfunction.(3) It has
also been proposed that prolonged exposure and adaptation to antigenic factors on the
spermatozoa or on the placenta (i.e., “desensitization”) might have a protective effect.(4,5)

An exaggerated maternal immune reaction may not only result in defective implantation but
might also eliminate the implanting conceptus.(3) That is, preeclampsia and implantation
disorders might share etiologic pathways, including those involving immunological functions.
(2) In fact, fertility difficulties have been associated with a higher risk of gestational
hypertension and preeclampsia.(6–8) Thus, it has been suggested that elevated risks of
preeclampsia observed in women treated for infertility(9,10) stem from the underlying disorder
rather than from the infertility treatments themselves.

Yet, an independent and direct effect of fertility treatments remains a plausible explanation for
the elevated risk of gestational hypertension and preeclampsia in pregnancies resulting from
such treatments compared to spontaneous ones. For example, intracytoplasmatic sperm
injection in couples where the number of sperm cells available during intercourse is negligible,
(11) or intrauterine insemination with donor sperm, oocytes or embryos,(4,12,13) might
increase the risk by triggering an immune reaction in women without prior desensitization.
Unfortunately, early studies on this subject were based on relatively small series of patients
without appropriate control for age and parity; they also failed to consider the higher prevalence
of multiple gestations resulting from assisted reproduction, an important factor since multiple
gestations themselves carry a higher risk of preeclampsia.(14,15) Among the more recent
studies that adjusted for maternal age and parity and considered multiple gestations, some have
found an increased risk in women receiving infertility treatments, even after stratification for
number of fetuses,(16,17) or restriction to singletons(8,18–21) or multiple gestations.(22,23)
Others have found no significant differences between assisted and spontaneous pregnancies
after stratification,(24) or restriction to singletons(25–29) or multiple gestations.(29–34)

It thus remains unclear whether the association between infertility treatments and gestational
hypertension is due to biologic factors intrinsic to couples with infertility problems, to patient
characteristics such as older age and primiparity, to the higher rate of multiple gestations, or
to the specific infertility treatment. We therefore investigated the association between fertility
treatments and gestational hypertension, with specific emphasis on the effect of different
technologies and specific fertility drugs, as well as the role of multiple gestations and specific
patient characteristics.

Hernández-Díaz et al. Page 2

Fertil Steril. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



MATERIALS AND METHODS
Study Population

As part of an on-going case-control surveillance program of birth defects (the Slone
Epidemiology Center Birth Defects Study), non-malformed newborns were ascertained at birth
and tertiary care hospitals in the greater metropolitan areas of Boston, Philadelphia, Toronto,
and San Diego, including a population-based sample of Massachusetts births.(35) The study
population for the current analysis comprised 5274 mothers of non-malformed infants
ascertained between 1998 and 2006. Institutional Review Board approval was obtained from
each of the participating institutions. All mothers who were interviewed gave oral or written
consent. The participation rate was 68%. After exclusion of mothers who could not be located
and invited to participate, the rate was 71%.

Assessment of Exposure
Within six months of delivery, trained study nurses who were unaware of the hypothesis
interviewed the mothers by telephone. The interview included questions on demographic
characteristics, the mother’s medical and obstetrical history, parents’ habits and occupations,
and a detailed history of the use of medications (prescription and non-prescription) from two
months before conception through the entire pregnancy. Specific questions focused on
pregnancy planning, history of fertility problems, and infertility procedures or medications
used by the women or their partners in the index pregnancy. We considered mothers to be
exposed if, to assist the index pregnancy, they reported using ovulation induction (including
clomiphene citrate, human menopausal gonadotropins [hMG], chorionic gonadotropin, or
follicle stimulating hormone), intrauterine insemination (IUI), or assisted reproductive
technologies (ART) (including in vitro fertilization [IVF], intracytoplasmatic sperm injection
[ICSI], or gamete intrafallopian transfer [GIFT]). The reference group included women without
fertility treatments.

Outcome
We specifically asked women if a health care provider had diagnosed “high blood pressure”
or “toxemia or preeclampsia” during their pregnancy, the dates when the condition started and
ended, and whether they had used medications to treat those conditions. To exclude underlying
hypertension as a potential source of both confounding and outcome misclassification bias, we
restricted the definition of gestational hypertension to hypertension (with or without
preeclampsia) diagnosed after the 20th week of pregnancy; we excluded 123 women with an
early diagnosis of hypertension from all the analyses. Preeclampsia was defined as self-
reported “toxemia” or “preeclampsia”.

Data Analysis
We considered our population as a retrospective cohort of women with completed pregnancies.
Relative risks (RR) and 95 percent confidence intervals (95% CI) were estimated for gestational
hypertension and preeclampsia in relation to infertility treatments using logistic regression
models. To identify potential confounders, we considered the following factors: gravidity,
parity, age, pre-pregnancy weight and body mass index (BMI), smoking, coffee intake, age at
menarche, education, family income, race, and diabetes;(36) we retained in the models as
potential confounders those factors independently associated with the outcome in our
population. In addition, we considered carrying a multiple pregnancy as a potential
intermediate variable in the etiologic pathway between infertility treatments and gestational
hypertension or preeclampsia. Forty women with missing data for the fertility questions were
excluded from the fertility analyses.
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RESULTS
Of 5151 women, 480 (9.3%) reported gestational hypertension and 133 (2.6%) preeclampsia.
The women’s baseline characteristics are shown in table 1. Factors associated with both
gestational hypertension and preeclampsia were primiparity, higher pre-pregnancy weight,
early menarche, and multiple gestations.

Women who conceived after infertility treatments were more likely to be over 35 years of age,
white and primiparous, and to have a history of miscarriages, high education and high income
levels; they were less likely to be underweight and to smoke or drink coffee during pregnancy
than women who conceived spontaneously (data not shown). Pregnancies assisted by infertility
treatments had a much higher frequency of multiple gestations (23%) than spontaneous
pregnancies (1.7%). The proportion of preterm deliveries (<37 weeks) was 17.5% in women
undergoing fertility treatments and 6.6% in women with no fertility disorder.

Table 2 presents crude and adjusted relative risks for gestational hypertension. The incidence
of gestational hypertension was higher among women with treated fertility problems (15.8 %)
than among those who did not receive such treatments (8.9%); compared to the last group, the
crude RR for gestational hypertension for women with treated fertility problems was 1.9 (95%
CI 1.4–2.6). Upon adjustment for parity and pre-pregnancy BMI (the only factors that acted
as confounders), the RR changed to 1.6 (95% CI 1.1–2.2). After adjustment for twins and higher
order gestations, the RR for infertility treatments went from 1.6 to 1.3 (95% CI 1.0–1.9).
Restriction of the analysis to singleton pregnancies yielded an adjusted RR of 1.3 (95% CI 0.9–
1.9), and the adjusted RR was 1.1 (95% CI 0.4–3.1) among twins.

The frequency of multiple gestations varied among infertility procedures (5.6% for ovarian
stimulation only, 19.3% for intrauterine insemination, and 47.2% for assisted reproductive
techniques) and among medications (6.7% for clomiphene without infertility procedures,
21.8% for clomiphene with additional infertility procedures, 36.3% for gonadotropins, and
41.9% for follicle stimulating hormones). As shown in Table 3, those treatments associated
with the highest proportions of multiple gestations were associated with an elevated risk of
gestational hypertension. When estimates were further adjusted for multiple gestations, RRs
across all treatments approached the null.

As shown in Table 4, the risk of preeclampsia was higher (5.2%) among women with treated
infertility than among those who did not require treatments (2.4%). The crude RR for
preeclampsia for women with treated infertility was 2.2 (95% CI 1.3–3.7), compared to women
without infertility treatments. Adjustment for other risk factors reduced the RR to 1.6 (95% CI
1.0–2.7), and further adjustment for multiple gestations reduced it to 1.2 (95% CI 0.7–2.2).
Results from more specific analyses for preeclampsia were similar to those presented above
for gestational hypertension, but the numbers were smaller and the estimates were more
unstable.

The unadjusted RRs of both gestational hypertension and preeclampsia were elevated for
procedures with and without donor sperm or oocytes and with or without concomitant ovarian
stimulation. The estimates for these comparisons were statistically unstable given the relatively
small sample sizes and are not shown. Within the group of women without infertility
treatments, those who reported fertility problems in the past or untreated sub-fertility in the
index pregnancy did not have an elevated risk. Results were similar for primiparous and
multiparous women and did not change when we analyzed the data using time to event analysis
(i.e., Cox proportional hazard models), nor upon restriction of the analysis to full term births
or to the population-based sample recruited from Massachusetts, nor when using frequency
matching for region and calendar year through conditional logistic regression.
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DISCUSSION
We found a higher frequency of gestational hypertension and preeclampsia in pregnancies
resulting from infertility treatments than in spontaneous pregnancies. This increased risk was
partially explained by the specific characteristics of the women undergoing infertility
treatments, mainly primiparity and higher pre-pregnancy BMI, and the remaining association
disappeared when the analysis was restricted to singletons. Results were similar for all
infertility procedures and medications upon adjustment for multiple gestations. Neither past
sub-fertility nor untreated sub-fertility in the index pregnancy was associated with gestational
hypertension.

Our results are consistent with previous studies that found no significant differences between
assisted and spontaneous pregnancies after adjusting for multiple gestations or restricting the
analyses to singletons or twins.(24–29) These findings suggest that the elevated risk of
gestational hypertension and preeclampsia in pregnancies resulting from infertility treatments
is related to their higher proportion of twins and higher order gestations. However, controlling
for multiple gestations would be unwarranted if the goal were to estimate the total impact of
infertility treatments on the risk of gestational hypertension, whether or not this effect is
mediated through multiple gestations. On the other hand, controlling for multiple gestations
would be necessary to assess the direct effects of infertility treatments on gestational
hypertension, independently of their effects on increasing multiple gestations.(37,38) While
the total effect of infertility treatments might be of greater interest from a public health point
of view; advancing insight into the role of multiple gestations contributes to our understanding
of gestational hypertension and preeclampsia. Moreover, from a clinical perspective, it is useful
for those contemplating infertility procedures to know whether their risks of gestational
hypertension and preeclampsia are increased by the intervention (e.g., ART) or the multiple
gestations, since the former may be difficult to avoid but the latter might be reduced (e.g., by
implanting fewer embryos).

Regarding the role of specific treatments, some studies have suggested a particularly elevated
risk of preeclampsia associated with ICSI and gamete donation,(4,11–13) while others found
similar risks for different reproductive procedures, including IVF, GIFT, and ovulation
induction.(20,21,33,39) Our findings are consistent with the latter studies and suggest that the
apparent differences among technologies might be largely explained by different rates of
multiple gestations associated with them. However, due to the relatively small sample size, the
risk estimates for specific treatments were unstable and did not exclude modest differences
among treatments.

It has been suggested that the association between infertility treatments and gestational
hypertension stems from an underlying disorder, such as immune maladaptation, that would
increase the risk of both infertility and preeclampsia.(2) Our results are inconsistent with this
hypothesis since neither past sub-fertility nor untreated sub-fertility in the index pregnancy
was associated with gestational hypertension, and the elevated risk associated with treated
infertility was largely explained by primiparity, higher weight, and the increased number of
multiple gestations. Unfortunately, our study lacked information on the specific etiology of
infertility and, therefore, we were not able to evaluate the risk of gestational hypertension
among specific populations of infertile patients who might have an inherently increased risk.

The discrepant findings among previous publications might derive not only from the way those
studies dealt with twins and higher order gestations but from other methodological differences.
For instance, some of the positive studies that relied on records in automated medical databases
considered only gestational hypertension requiring hospitalization. This outcome definition
may be prone to bias if there were a lower threshold for hospitalization among women who
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conceive as a result of assisted reproduction. In addition to this potential source of bias, studies
that compared infertility cohorts with outcome rates from the general population would tend
to overestimate the risk of infertility treatments due to both a better recording of diagnosis in
ad hoc cohorts and the specific characteristics of women with infertility (e.g., primiparous).

Since we did not have access to obstetric notes in mothers’ medical records, our reliance on
self-reported outcome information may include under-reporting of events and cross-
classification of preeclampsia as gestational hypertension. However, such misclassification is
likely to have been minimized by use of a carefully designed questionnaire that included
specific questions on the onset of gestational hypertension and preeclampsia as diagnosed by
a health care provider; in addition, interviews were conducted within six months of delivery
by trained nurses who were unaware of the hypothesis under study. Under-diagnosis is unlikely
since over 99 percent of the women in our population had had prenatal care, where screening
for the detection of gestational hypertension and proteinuria is standard practice. Moreover,
results were similar within levels of women’s education (i.e., if diagnosis, awareness, or recall
were poor, one might expect more misclassification among women with lower education).

Further, the data offer evidence of the general validity of the outcome definitions: First, the
reported incidence of gestational hypertension with or without preeclampsia (12.4%) and the
incidence of preeclampsia (5.3%) among primiparous women in our population are similar to
those described in clinical trials.(40) Second, the frequency and effect of other known risk
factors (e.g., gravidity, number of fetuses, and maternal weight) are similar to those consistently
reported in the literature,(41) and the associations with coffee intake and early menarche were
also described in two previous publications.(42,43) Other previously suggested risk factors,
such as advanced maternal age, diabetes, and Black race, were not associated with a higher
frequency of gestational hypertension in our study; most likely because we excluded women
with chronic hypertension (i.e., these factors were associated with hypertension diagnosed
before 20 weeks of gestation). Our failure to find the previously suggested protective effect of
smoking(44) might be due to differences among populations, methodological factors, or/and
chance.

More directly, we evaluated the susceptibility of the results to outcome misclassification.(45)
For both gestational hypertension and preeclampsia, the sensitivity of interview data ranges
from 65% to 100% (estimated as recall against medical record).(46,47) Were misclassification
to occur similarly among women with and without fertility treatments, such bias would result
in a slight underestimation of the effect of infertility treatments. For example, assuming a
sensitivity of 65% (i.e., 35% of women with preeclampsia failed to report it), the corrected
crude RR for preeclampsia would have been 2.24 rather than 2.20. On the other hand, if
gestational hypertension were diagnosed more readily among women undergoing assisted
reproduction (e.g., due to a more intensive antenatal care), such bias would result in an
overestimation of the infertility treatment effects; that is, the adjusted unbiased effect would
be even closer to the null than the observed one.

In conclusion, we found that pregnancies resulting from infertility treatments have a slightly
higher risk of gestational hypertension than spontaneous conceptions in women of comparable
parity and weight. However, this increased risk appears to be largely attributable to the higher
frequency of twins and higher order gestations resulting from infertility treatments, since
multiple gestations themselves carry a higher risk of gestational hypertension.

Acknowledgments
We thank Dawn Jacobs, RN, MPH, Rachel Wilson, MPH, Fiona Rice, MPH, Rita Krolak, RN, Sally Perkins, RN,
Kathleen Sheehan, RN, Karen Bennett Mark, RN, Deborah Kasindorf, RN, Clare Coughlin, RN, Geraldine Ellison,
RN, Joan Shander, Diane Gallagher, Nastia Dynkin, Nancy Rodriquez-Sheridan, Cecilia Stadler, Meghan Malone-

Hernández-Díaz et al. Page 6

Fertil Steril. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Moses, Irene Shephard, RN, Melody Kisor, Dawn Taggett, MPH, Sherlonda Allen, Michelle Hose, RN, Beth Smith,
RN, Patricia Maloney, RN, Merianne Mitchell, RT, Valerie Hillis, Steven Rivers, and John Farrell for their assistance
in data collection and computer programming; we also thank the medical and nursing staff at each participating
hospital.

Support: Partially supported by the National Center for Birth Defects Research and Prevention and the Massachusetts
Department of Public Health. The authors have received support or have consulted for pharmaceutical companies,
including some that manufacture infertility treatments. However, the current manuscript was not directly financed by
any organization.

References
1. Roberts JM, Cooper DW. Pathogenesis and genetics of pre-eclampsia. Lancet 2001;357:53–56.

[PubMed: 11197372]
2. Geis W, Branch D. Obstetric implications of antiphospholipid antibodies: pregnancy loss and other

complications. Clinical Obstetrics and Gynecology 2001;44:2–10. [PubMed: 11219242]
3. Dekker G, Robillard P-Y, Hulsey TC. Immune maladaptation in the etiology of preeclampsia: A review

of corroborative epidemiologic studies. Obstetrics and Gynecology 1998;53:377–382.
4. Smith GN, Walker MC, Tessier JL, Millar KG. Increased incidence of preeclampsia in women

conceiving by intrauterine insemination with donor versus partner sperm for treatment of primary
infertility. American Journal of Obstetrics and Gynecology 1997;177:455–458. [PubMed: 9290468]

5. Saftlas AF, Levine R, Klebanoff M, Martz KL, Ewell MG, Morris C, et al. Abortion, changed paternity,
and risk of preeclampsia in nulliparous women. American Journal of Epidemiology 2003;157:1108–
1114. [PubMed: 12796047]

6. Basso O, Weinberg C, Baird D, Wilcox A, Olsen J. Subfecundity as a correlate of preeclampsia: A
study within the Danish National Birth Cohort. American Journal of Epidemiology 2003;157:195–
202. [PubMed: 12543618]

7. Moore M, Redman CWG. Case-control study of severe pre-eclampsia of early onset. British Medical
Journal 1983;287:580–583. [PubMed: 6411232]

8. Pandian Z, Bhattacharya S, Templeton A. Review of unexplained infertility and obstetric outcome: a
10 year review. Human Reproduction 2001;16:2593–2597. [PubMed: 11726580]

9. Need JA, Bell B, Meffin E, Jones WR. Pre-eclampsia in pregnancies from donor inseminations. Journal
of Reproductive Inmmunology 1983;5:329–338.

10. Serhal PF, Craft IL. Oocyte donation in 61 patients. Lancet 1989:1185–1189. [PubMed: 2566746]
11. Wang JX, Knottnerus A-M, Schuit G, Norman RJ, Chan A, Dekker G. Surgically obtained sperm,

and risk of gestational hypertension and pre-eclampsia. Lancet 2002;359:673–674. [PubMed:
11879865]

12. Salha O, Sharma V, Dada T, Nugent D, Rutherford AJ, Tomlinson AJ, et al. The influence of donated
gametes on the incidence of hypertensive disorders of pregnancy. Human Reproduction
1999;14:2268–2273. [PubMed: 10469693]

13. Soderstrom-Anttila V, Tiitinen A, Foudila T, Hovatta O. Obstetric and perinatal outcome after oocyte
donation. Human Reproduction 1998;13:483–490. [PubMed: 9557862]

14. Sibai B, Hauth JC, Caritis S, Lindheimer MD, MacPherson C, Klebanoff M, et al. Hypertensive
disorders in twin versus singleton gestations. American Journal of Obstetrics and Gynecology
2000;182:938–942. [PubMed: 10764477]

15. Basso O, Christensen K, Olsen J. Higher risk of pre-eclampsia after change of partner. An effect of
longer interpregnancy intervals? Epidemiology 2001;12:624–629. [PubMed: 11679788]

16. Tan S-L, Doyle P, Campbell S, Beral V, Rizk B, Brinsden P, et al. Obstetric outcome of in vitro
fertilization pregnancies compared with normally conceived pregnancies. American Journal of
Obstetrics and Gynecology 1992;167:778–784. [PubMed: 1530039]

17. Tallo CP, Vohr B, Oh W, Rubin LP, Seifer DB, Haning RVJ. Maternal and neonatal morbidity
associated with in vitro fertilization. Journal of Pediatrics 1995;127:794–800. [PubMed: 7472838]

18. Frydman R, Belaisch-Allart J, Fries N, Hazout A, Glissant A, Testart J. An obstetric assessment of
the first 100 births from the in vitro fertilization program at Clamart, France. American Journal of
Obstetrics and Gynecology 1986;154:550–554. [PubMed: 3953702]

Hernández-Díaz et al. Page 7

Fertil Steril. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Tanbo T, Dale PO, Lunde O, Moe N, Abyholm T. Obstetric outcome in singleton pregnancies after
assisted reproduction. Obstetrics and Gynecology 1995;86:188–92. [PubMed: 7617348]

20. Maman E, Lunenfeld E, Levy A, Vardi H, Potashnik G. Obstetric outcome of singleton pregnancies
conceived by in vitro fertilization and ovulation induction compared with those conceived
spontaneously. Fertility and Sterility 1998;70:240–245. [PubMed: 9696214]

21. Ochsenkuhn R, Strowitzki T, Gurtner M, Strauss A, Schulze A, Hepp H, et al. Pregnancy
complications, obstetric risks, and neonatal outcome in singleton and twin pregnancies fter GIFT and
IVF. Archives of Gynecology and Obstetrics 2003;268:256–61. [PubMed: 12904987]

22. Daniel Y, Ochshorn Y, Fait G, Geva E, Bar-Am A, Lessing JB. Analysis of 104 twin pregnancies
conceived with assisted reproductive technologies and 193 spontaneously conceived twin
pregnancies. Fertility and Sterility 2000;74:683–689. [PubMed: 11020507]

23. Lynch A, McDuffie R, Murphy J, Faber K, Orleans M. Preeclampsia in multiple gestation: The role
of assisted reproductive technologies. Obstetrics and Gynecology 2002;99:445–451. [PubMed:
11864672]

24. Petersen K, Hornnes P, Ellingsen S, Jensen F, Brocks V, Starup J, et al. Perinatal outcome after in
vitro fertilisation. Acta Obstetrica and Gynecologica Scandinavica 1995;74:129–131.

25. Olivennes F, Rufat P, Andre B, Pourade A, Quiros M, Frydman R. The increased risk of complication
observed in singleton pregnancies resulting from in-vitro fertilization (IVF) does not seem to be
related to the IVF method itself. Human Reproduction 1993;8:1297–300. [PubMed: 8408531]

26. Verlaenen H, Cammu H, Derde M, Amy J. Singleton pregnancy after in vitro fertilization:
Expectations and outcome. Obstetrics and Gynecology 1995;86:906–910. [PubMed: 7501337]

27. Reubinoff BE, Samieloff A, Ben-Haim M, Friedler S, Schenker JG, Lewin A. Is the obstetric outcome
of in vitro fertilized singleton gestations different from natural ones? A controlled study Fertility and
Sterility 1997;67:1077–1083.

28. Koudstaal J, Braat D, Bruinse H, Naaktgeboren N, Vermeiden J, Visser G. Obstetric outcome of
singleton pregnancies after IVF: a matched control study in four Dutch university hospitals. Human
Reproduction 2000;15:1819–1825. [PubMed: 10920110]

29. Isaksson R, Gissler M, Tiitinen A. Obstetric outcome among women with unexplained infertility after
IVF: a matched case-control study. Human Reproduction 2002;17:1755–1761. [PubMed: 12093835]

30. Koudstaal J, Helmerhorst F, Willemsen W, Visser G. Obstetric outcome of twin pregnancies after in-
vitro fertilization: a matched control study in four Dutch University hospitals. Human Reproduction
2000;15:935–940. [PubMed: 10739845]

31. Bernasko J, Lynch L, Lapinski R, Berkowitz RL. Twin pregnancies conceived by assisted
reproductive techniques: Maternal and neonatal outcomes. Obstetrics and Gynecology 1997;89:368–
372. [PubMed: 9052587]

32. Fitzsimmons BP, Bebbington MW, Flunker MR. Perinatal and neonatal outcomes in multiple
gestations: Assisted reproduction versus spontaneous conception. American Journal of Obstetrics
and Gynecology 1998;179:1162–1167. [PubMed: 9822494]

33. Olivennes F, Kadhel P, Rufat P, Fanchin R, Fernandez H, Frydman R. Perinatal outcome of twin
pregnancies obtained after in vitro fertilization: comparison with twin pregnancies obtained
spontaneously or after ovarian stimulation. Fertility and Sterility 1996;66:105–109. [PubMed:
8752619]

34. Pinborg A, Loft A, Schmidt L, Langhoff-Roos J, Andersen AN. Maternal risks and perinatal outcome
in a Danish national cohort of 1005 twin pregnancies: the role of in vitro fertilization. Acta Obstetrica
and Gynecologica Scandinavica 2004;83:75–84.

35. Mitchell AA, Rosenberg L, Shapiro S, Slone D. Birth defects related to Bendectin use in pregnancy:
I. Oral clefts and cardiac defects. Journal of the American Medical Association 1981;245:2311–2314.
[PubMed: 7230459]

36. Myatt L, Miodovnik M. Prediction of preeclampsia. Seminars in Perinatology 1999;23:45–57.
[PubMed: 10102170]

37. Hernán MA, Hernández-Díaz S, Robins JM. A structural approach to selection bias. Epidemiology
2004;15:615–25. [PubMed: 15308962]

38. Cole SR, Hernán MA. Fallibility in estimating direct effects. International Journal of Epidemiology
2002;31:163–165. [PubMed: 11914314]

Hernández-Díaz et al. Page 8

Fertil Steril. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



39. Friedman F, Copperman A, Brodman M, Shah D, Sandler B, Grunfeld L. Perinatal outcome after
embryo transfer in ovum recipients. A comparison with standard in vitro fertilization. Journal of
Reproductive Medicine 1996;41:640–644. [PubMed: 8887187]

40. Vollset SE, Refsum H, Irgens L, Emblem BM, Tverdal A, Gjessing HK, et al. Plasma total
homocysteine, pregnancy complications, and adverse pregnancy outcomes: the Hordaland
homocysteine study. American Journal of Clinical Nutrition 2000;71:962–8. [PubMed: 10731504]

41. Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking: systematic review of
controlled studies. British Medical Journal 2005;330:565. [PubMed: 15743856]

42. Rudra C, Williams M. BMI as a modifying factor in the relations between age at menarche, menstrual
cucle characteristics, and risk of preeclampsia. Gynecol Endocrinol 2005;21:200–5. [PubMed:
16316840]

43. Wergeland E, Strand K. Working conditions and prevalence of pre-eclampsia, Norway 1989.
International journal of Gynaecology and Obstetrics 1997;58:189–96. [PubMed: 9252254]

44. Conde-Agudelo A, Althabe F, Belizán JM, Kafury-Goeta A. Cigarette smoking during pregnancy
and risk of preeclampsia, systematic review. American Journal of Obstetrics and Gynecology
1999;181:1026–35. [PubMed: 10521771]

45. Greenland S. Basic methods for sensitivity analysis of biases. International Journal of Epidemiology
1996;25:1107–1116. [PubMed: 9027513]

46. Sou SC, Chen WJ, Hsieh W-S, Jeng S-F. Severe obstetric complications and birth characteristics in
preterm or term delivery were accurately recalled by mothers. Journal of Clinical Epidemiology
2006;59:429–435. [PubMed: 16549266]

47. Olson J, Shu X, Ross J, Pendergrass T, Robinson L. Medical record validation of maternally reported
birth characteristics and pregnancy-related events: a report from the Children’s Cancer Group.
American Journal of Epidemiology 1997;145:58–67. [PubMed: 8982023]

Hernández-Díaz et al. Page 9

Fertil Steril. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hernández-Díaz et al. Page 10
Ta

bl
e 

1
In

ci
de

nc
e 

of
 g

es
ta

tio
na

l h
yp

er
te

ns
io

n 
an

d 
pr

ee
cl

am
ps

ia
 a

cc
or

di
ng

 to
 w

om
en

’s
 c

ha
ra

ct
er

is
tic

s.

T
ot

al
a  N

=5
15

1
G

es
ta

tio
na

l h
yp

er
te

ns
io

n
Pr

ee
cl

am
ps

ia

W
om

en
’s

 c
ha

ra
ct

er
is

tic
s

N
o.

N
o.

 (%
)

R
R

 (9
5%

C
I)

b
N

o.
 (%

)
R

R
 (9

5%
C

I)
b

G
ra

vi
di

ty

 
Pr

im
ig

ra
vi

da
e 

(f
irs

t g
es

ta
tio

n)
16

01
19

6 
(1

2.
4)

R
ef

er
en

ce
60

 (3
.8

)
R

ef
er

en
ce

 
M

ul
tig

ra
vi

da
e

 
 

Pr
im

ip
ar

ou
s (

fir
st

 li
ve

bo
rn

)
61

3
85

 (1
3.

9)
1.

1 
(0

.8
–1

.4
)

33
 (5

.4
)

1.
3 

(0
.9

–2
.1

)

 
 

M
ul

tip
ar

ou
s

29
37

19
9 

(6
.8

)
0.

5 
(0

.4
–0

.6
)

40
 (1

.4
)

0.
3 

(0
.2

–0
.5

)

 
 
 

In
te

rp
re

gn
an

cy
 in

te
rv

al
 ≤

3y
21

42
13

2 
(6

.2
)

0.
4 

(0
.3

–0
.6

)
28

 (1
.3

)
0.

3 
(0

.2
–0

.5
)

 
 
 

In
te

rp
re

gn
an

cy
 in

te
rv

al
 >

3y
76

7
64

 (8
.3

)
0.

6 
(0

.4
–0

.8
)

12
 (1

.6
)

0.
4 

(0
.2

–0
.7

)

 
N

um
be

r o
f f

et
us

es

 
 

Si
ng

le
49

86
44

8 
(9

.0
)

R
ef

er
en

ce
12

0 
(2

.4
)

R
ef

er
en

ce

 
 

M
ul

tip
le

 (2
 o

r m
or

e)
16

5
32

 (1
9.

4)
1.

9 
(1

.2
–2

.9
)

13
 (7

.9
)

2.
5 

(1
.4

–4
.8

)

 
 
 

Tw
in

s
14

3
24

 (1
6.

8)
1.

7 
(1

.0
–2

.6
)

10
 (7

.0
)

2.
3 

(1
.2

–4
.7

)

 
 
 

Tr
ip

le
ts

22
8 

(3
6.

4)
4.

6 
(1

.8
–1

1.
4)

3 
(1

3.
6)

4.
8 

(1
.3

–1
7.

4)

 
Pr

e-
pr

eg
na

nc
y 

w
ei

gh
t (

lb
s)

 
 

<1
20

12
24

73
 (6

.0
)

R
ef

er
en

ce
21

 (1
.7

)
R

ef
er

en
ce

 
 

12
0–

13
5

13
91

91
 (6

.5
)

1.
1 

(0
.8

–1
.5

)
26

 (1
.9

)
1.

1 
(0

.6
–1

.9
)

 
 

13
5–

15
0

10
54

11
0 

(1
0.

4)
1.

8 
(1

.3
–2

.5
)

38
 (3

.6
)

2.
0 

(1
.2

–3
.5

)

 
 

>1
50

14
35

19
7 

(1
3.

7)
2.

5 
(1

.9
–3

.4
)

45
 (3

.1
)

1.
7 

(1
.0

–3
.0

)

M
at

er
na

l B
M

I c

 
<

20
84

8
47

 (5
.5

)
R

ef
er

en
ce

17
 (2

.0
)

R
ef

er
en

ce

 
20

–2
7

32
13

27
5 

(8
.6

)
1.

7 
(1

.2
–2

.3
)

82
 (2

.6
)

1.
3 

(0
.7

–2
.2

)

 
>2

7
10

11
14

8 
(1

4.
6)

3.
1 

(2
.2

–4
.4

)
30

 (3
.0

)
1.

4 
(0

.8
–2

.6
)

D
ia

be
te

s

 
N

o
49

19
45

2 
(9

.2
)

R
ef

er
en

ce
12

2 
(2

.5
)

R
ef

er
en

ce

 
Y

es
23

2
28

 (1
2.

1)
1.

3 
(0

.8
–1

.9
)

11
 (4

.7
)

1.
8 

(0
.9

–3
.5

)

Sm
ok

er
s

 
N

ev
er

29
95

26
6 

(8
.9

)
R

ef
er

en
ce

64
(2

.1
)

R
ef

er
en

ce

 
B

ef
or

e 
pr

eg
na

nc
y

12
79

11
9 

(9
.3

)
1.

0 
(0

.8
–1

.3
)

37
(2

.9
)

1.
3 

(0
.8

–1
.9

)

 
D

ur
in

g 
pr

eg
na

nc
y

87
5

95
 (1

0.
9)

1.
1 

(0
.8

–1
.5

)
32

(3
.7

)
1.

6 
(1

.0
–2

.6
)

Fertil Steril. Author manuscript; available in PMC 2009 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hernández-Díaz et al. Page 11

T
ot

al
a  N

=5
15

1
G

es
ta

tio
na

l h
yp

er
te

ns
io

n
Pr

ee
cl

am
ps

ia

W
om

en
’s

 c
ha

ra
ct

er
is

tic
s

N
o.

N
o.

 (%
)

R
R

 (9
5%

C
I)

b
N

o.
 (%

)
R

R
 (9

5%
C

I)
b

C
of

fe
e

 
N

ev
er

24
30

23
2 

(9
.6

)
R

ef
er

en
ce

56
 (2

.4
)

R
ef

er
en

ce

 
B

ef
or

e 
pr

eg
na

nc
y

20
02

16
7 

(8
.3

)
0.

9 
(0

.7
–1

.1
)

47
 (2

.4
)

0.
9 

(0
.6

–1
.4

)

 
D

ur
in

g 
pr

eg
na

nc
y

71
9

81
 (1

1.
3)

1.
3 

(1
.0

–1
.7

)
27

 (3
.8

)
1.

7 
(1

.0
–2

.7
)

R
ac

e

 
W

hi
te

37
77

37
8 

(1
0.

0)
R

ef
er

en
ce

10
9 

(2
.9

)
R

ef
er

en
ce

 
B

la
ck

34
8

32
 (9

.2
)

0.
8 

(0
.5

–1
.3

)
8 

(2
.3

)
0.

9 
(0

.4
–1

.9
)

 
O

th
er

10
25

70
 (6

.8
)

0.
7 

(0
.5

–0
.9

)
16

 (1
.6

)
0.

5 
(0

.3
–1

.0
)

M
en

ar
ch

e

 
<1

2
91

3
11

1 
(1

2.
2)

1.
4 

(1
.1

–1
.7

)
36

 (3
.9

)
1.

8 
(1

.2
–2

.7
)

 
>=

12
40

59
35

6 
(8

.8
)

R
ef

er
en

ce
91

 (2
.2

)
R

ef
er

en
ce

M
at

er
na

l A
ge

 
<2

5 
ye

ar
s

11
62

11
9 

(1
0.

2)
R

ef
er

en
ce

35
 (3

.0
)

R
ef

er
en

ce

 
25

–3
0 

ye
ar

s
14

00
13

4 
(9

.6
)

1.
0 

(0
.7

–1
.3

)
36

 (2
.6

)
0.

9 
(0

.5
–1

.6
)

 
31

–3
5 

ye
ar

s
17

61
14

9 
(8

.5
)

0.
9 

(0
.7

–1
.3

)
43

 (2
.4

)
1.

0 
(0

.5
–1

.8
)

 
>3

5 
ye

ar
s

81
4

78
 (9

.6
)

1.
0 

(0
.7

–1
.5

)
19

 (2
.3

)
0.

9 
(0

.4
–1

.7
)

Ed
uc

at
io

n

 
<1

3 
ye

ar
s

13
89

13
3 

(9
.6

)
R

ef
er

en
ce

34
 (2

.5
)

R
ef

er
en

ce

 
13

–1
5

12
60

10
5 

(8
.3

)
0.

9 
(0

.6
–1

.2
)

30
 (2

.4
)

1.
2 

(0
.7

–2
.1

)

 
>1

5 
ye

ar
s

24
99

24
2 

(9
.7

)
1.

1 
(0

.8
–1

.4
)

69
 (2

.8
)

1.
5 

(0
.9

–2
.6

)

Fa
m

ily
 In

co
m

e 
($

/y
ea

r)

 
<4

5,
00

0
14

18
14

2 
(1

0.
0)

R
ef

er
en

ce
39

 (2
.8

)
R

ef
er

en
ce

 
>4

5,
00

0
33

05
30

6 
(9

.3
)

0.
9 

(0
.7

–1
.1

)
84

 (2
.5

)
0.

8 
(0

.5
–1

.2
)

 
U

nk
no

w
n

42
8

32
 (7

.5
)

0.
7 

(0
.5

–1
.1

)
10

 (2
.3

)
0.

9 
(0

.4
–1

.8
)

R
R

: R
el

at
iv

e 
ris

k.
 9

5%
C

I: 
95

 p
er

ce
nt

 c
on

fid
en

ce
 in

te
rv

al
.

a D
ue

 to
 m

is
si

ng
 v

al
ue

s n
ot

 a
ll 

th
e 

va
ria

bl
es

 c
on

ta
in

ed
 in

fo
rm

at
io

n 
on

 5
02

4 
w

om
en

. I
nd

ep
en

de
nt

 c
at

eg
or

ie
s w

er
e 

cr
ea

te
d 

fo
r w

om
en

 w
ith

 m
is

si
ng

 v
al

ue
s.

b A
dj

us
te

d 
fo

r t
he

 o
th

er
 v

ar
ia

bl
es

 in
 th

e 
ta

bl
e 

an
d 

ge
og

ra
ph

ic
 re

gi
on

.

c B
M

I d
en

ot
es

 B
od

y 
M

as
s I

nd
ex

 (k
g/

cm
2 )

. D
at

a 
m

is
si

ng
 b

ec
au

se
 so

m
e 

w
om

en
 d

id
 n

ot
 re

po
rt 

th
ei

r h
ei

gh
t.

Fertil Steril. Author manuscript; available in PMC 2009 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hernández-Díaz et al. Page 12
Ta

bl
e 

2
In

ci
de

nc
e 

of
 g

es
ta

tio
na

l h
yp

er
te

ns
io

n 
ac

co
rd

in
g 

to
 w

om
en

’s
 in

fe
rti

lit
y 

hi
st

or
y 

an
d 

ac
co

un
tin

g 
fo

r m
ul

tip
le

 g
es

ta
tio

ns
.

G
es

ta
tio

na
l h

yp
er

te
ns

io
n

T
ot

al
 N

o.
In

ci
de

nc
e 

N
o.

 (%
)

M
od

el
 1

 C
ru

de
R

R
 (9

5%
 C

I)
M

od
el

 2
 a  A

dj
us

te
d

R
R

 (9
5%

 C
I)

M
od

el
 3

 b  A
dj

us
te

d
R

R
 (9

5%
 C

I)

O
ve

ra
ll 

(N
=5

11
1)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
47

62
42

3 
(8

.9
)

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
Y

es
34

9
55

 (1
5.

8)
1.

9 
(1

.4
–2

.6
)

1.
6 

(1
.1

–2
.1

)
1.

3 
(1

.0
–1

.9
)

Si
ng

le
to

n 
ge

st
at

io
n 

(N
=4

94
7)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
46

80
41

3 
(8

.8
)

R
ef

er
en

ce
R

ef
er

en
ce

N
A

 
Y

es
26

7
34

 (1
2.

7)
1.

5 
(1

.0
–2

.2
)

1.
3 

(0
.9

–1
.9

)

Tw
in

s (
N

=1
42

)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
76

10
 (1

3.
2)

R
ef

er
en

ce
R

ef
er

en
ce

N
A

 
Y

es
66

13
 (1

9.
7)

1.
6 

(0
.7

–4
.0

)
1.

1 
(0

.4
–3

.1
)

R
R

: R
el

at
iv

e 
ris

k.
 9

5%
C

I: 
95

 p
er

ce
nt

 c
on

fid
en

ce
 in

te
rv

al
.

a A
dj

us
te

d 
fo

r p
re

-p
re

gn
an

cy
 B

M
I a

nd
 p

ar
ity

.

b A
dj

us
te

d 
al

so
 fo

r n
um

be
r o

f f
et

us
es

Fertil Steril. Author manuscript; available in PMC 2009 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hernández-Díaz et al. Page 13
Ta

bl
e 

3
In

ci
de

nc
e 

of
 g

es
ta

tio
na

l h
yp

er
te

ns
io

n 
ac

co
rd

in
g 

to
 w

om
en

’s
 sp

ec
ifi

c 
in

fe
rti

lit
y 

tre
at

m
en

t.

T
ot

al
 N

=5
11

1
G

es
ta

tio
na

l h
yp

er
te

ns
io

n

W
om

en
’s

 c
ha

ra
ct

er
is

tic
s

N
o.

N
o.

 (%
)

C
ru

de
R

R
 (9

5%
C

I)
A

dj
us

te
d

R
R

 (9
5%

C
I)

 a
A

dj
us

te
d

R
R

 (9
5%

C
I)

 b

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
47

62
42

3 
(8

.9
)

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
Sp

ec
ifi

c 
tre

at
m

en
ts

 
 

D
ru

gs
 o

nl
y

10
5

14
 (1

3.
3)

1.
6 

(0
.9

–2
.8

)
1.

4 
(0

.8
–2

.5
)

1.
3 

(0
.7

–2
.3

)

 
 

IU
I

83
14

 (1
6.

9)
2.

1 
(1

.2
–3

.7
)

1.
6 

(0
.9

–2
.9

)
1.

4 
(0

.8
–2

.6
)

 
 

A
R

T
12

4
20

 (1
6.

1)
2.

0 
(1

.2
–3

.2
)

1.
6 

(1
.0

–2
.7

)
1.

2 
(0

.7
–2

.1
)

 
 

O
th

er
s

37
7 

(1
8.

9)
2.

4 
(1

.0
–5

.5
)

1.
8 

(0
.8

–4
.3

)
1.

8 
(0

.8
–4

.3
)

 
Sp

ec
ifi

c 
dr

ug
s c

 
 

C
lo

m
ip

he
ne

12
9

24
 (1

8.
6)

2.
3 

(1
.4

–3
.6

)
1.

9 
(1

.2
–3

.0
)

1.
7 

(1
.0

–2
.7

)

 
 
 

W
ith

ou
t p

ro
ce

du
re

s
74

10
 (1

3.
5)

1.
6 

(0
.8

–3
.1

)
1.

4 
(0

.7
–2

.7
)

1.
3 

(0
.6

–2
.5

)

 
 
 

W
ith

 p
ro

ce
du

re
s

55
14

 (2
5.

5)
3.

4 
(1

.8
–6

.3
)

2.
6 

(1
.4

–5
.0

)
2.

4 
(1

.2
–4

.3
)

 
 

G
on

ad
ot

ro
pi

n
79

13
 (1

6.
5)

1.
9 

(1
.1

–3
.5

)
1.

5 
(0

.8
–2

.8
)

1.
2 

(0
.6

–2
.3

)

 
 

FS
H

/L
H

/G
nR

H
15

4
27

 (1
7.

5)
2.

1 
(1

.4
–3

.3
)

1.
7 

(1
.1

–2
.6

)
1.

3 
(0

.8
–2

.1
)

 
 

O
th

er
37

6 
(1

6.
2)

1.
9 

(0
.8

–4
.5

)
1.

5 
(0

.6
–3

.7
)

1.
2 

(0
.5

–3
.0

)

R
R

: R
el

at
iv

e r
is

k.
 9

5%
C

I: 
95

 p
er

ce
nt

 co
nf

id
en

ce
 in

te
rv

al
. I

U
I: 

In
tra

ut
er

in
e i

ns
em

in
at

io
n.

 A
R

T:
 A

ss
is

te
d 

re
pr

od
uc

tio
n 

te
ch

no
lo

gi
es

 (i
n 

vi
tro

 fe
rti

liz
at

io
n 

(I
V

F)
, i

nt
ra

cy
to

pl
as

m
at

ic
 sp

er
m

 in
je

ct
io

n 
(I

C
SI

),
an

d 
ga

m
et

e 
in

tra
fa

llo
pi

an
 tr

an
sf

er
 (G

IF
T)

). 
FS

H
: F

ol
lic

le
 st

im
ul

at
in

g 
ho

rm
on

e.
 L

H
: L

ut
ei

ni
zi

ng
 h

or
m

on
e.

 G
nR

H
: G

on
ad

ot
ro

pi
n-

re
le

as
in

g 
ho

rm
on

e.

a A
dj

us
te

d 
fo

r p
re

-p
re

gn
an

cy
 w

ei
gh

t a
nd

 p
ar

ity
.

b A
dj

us
te

d 
al

so
 fo

r m
ul

tip
le

 g
es

ta
tio

ns

c N
ot

 m
ut

ua
lly

 e
xc

lu
si

ve
. C

om
pa

re
d 

to
 w

om
en

 w
ith

ou
t f

er
til

ity
 tr

ea
tm

en
ts

.

Fertil Steril. Author manuscript; available in PMC 2009 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hernández-Díaz et al. Page 14
Ta

bl
e 

4
In

ci
de

nc
e 

of
 p

re
ec

la
m

ps
ia

 a
cc

or
di

ng
 to

 w
om

en
’s

 in
fe

rti
lit

y 
hi

st
or

y 
an

d 
ac

co
un

tin
g 

fo
r m

ul
tip

le
 g

es
ta

tio
ns

.

Pr
ee

cl
am

ps
ia

T
ot

al
 N

o.
In

ci
de

nc
e 

N
o.

 (%
)

M
od

el
 1

C
ru

de
 R

R
(9

5%
 C

I)

M
od

el
 2

a
A

dj
us

te
d 

R
R

(9
5%

 C
I)

M
od

el
 3

 b
A

dj
us

te
d 

R
R

(9
5%

 C
I)

O
ve

ra
ll 

(N
=5

11
1)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
47

62
11

5 
(2

.4
)

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
Y

es
34

9
18

 (5
.2

)
2.

2 
(1

.3
–3

.7
)

1.
6 

(1
.0

–2
.7

)
1.

2 
(0

.7
–2

.2
)

Si
ng

le
to

n 
ge

st
at

io
n 

(N
=4

94
7)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
46

80
11

0 
(2

.4
)

R
ef

er
en

ce
R

ef
er

en
ce

N
A

 
Y

es
26

7
10

 (3
.8

)
1.

6 
(0

.8
–3

.1
)

1.
2 

(0
.6

–2
.4

)

Tw
in

s (
N

=1
42

)

Fe
rti

lit
y 

tre
at

m
en

t

 
N

o
76

5 
(6

.6
)

R
ef

er
en

ce
R

ef
er

en
ce

N
A

 
Y

es
66

5 
(7

.6
)

1.
2 

(0
.3

–4
.2

)
0.

6 
(0

.1
–2

.5
)

R
R

: R
el

at
iv

e 
ris

k.
 9

5%
C

I: 
95

 p
er

ce
nt

 c
on

fid
en

ce
 in

te
rv

al
.

a A
dj

us
te

d 
fo

r p
re

-p
re

gn
an

cy
 B

M
I a

nd
 p

ar
ity

.

b A
dj

us
te

d 
al

so
 fo

r n
um

be
r o

f f
et

us
es

Fertil Steril. Author manuscript; available in PMC 2009 June 15.


