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Purpose: The effect of uterine leiomyomas on the outcome
of in vitro fertilization (IVF) treatment has been contro-
versial. This study was undertaken to clarify influence of
fibroids on IVF success, in a large population with age and
other potential confounding variables controlled for in the
analysis.
Methods: A population of 141 patients with and 406 without
leiomyomata undergoing their first IVF cycle was studied.
Results: The association between uterine leiomyomas and
assisted reproduction treatment outcome was not statistically
significant (OR = 0.73, 95% CI: 0.49–1.19, p = 0.21) after
controlling for age and other risk factors. Also, fibroids nei-
ther affected the risk of spontaneous abortion (OR = 1.06,
95% CI: 0.44–2.60) nor the risk of ectopic pregnancy (OR=
0.78, 95% CI: 0.08–8.02). Location of fibroids (intramural
vs. submucosal/subserosal) and their size had no significant
effect on pregnancy outcome.
Conclusions: Results from our analyses indicated that in
vitro fertilization outcome was not affected by the presence of
uterine leiomyomas. Therefore, in patients with normal uter-
ine cavities and fibroids less than a certain size (i.e., <7 cm),
undergoing myomectomies as a prerequisite for assisted re-
production treatment is seriously questionable.

KEY WORDS: Assisted reproduction cycle; effect on in vitro fer-
tilization outcome; fibroids; myomectomy; uterine leiomyomas.

1 Department of Obstetrics and Gynecology, Brigham and
Women’s Hospital, Harvard Medical School, Boston,
Massachusetts.

2 To whom correspondence should be addressed at Department
of Obstetrics and Gynecology, Brigham and Women’s Hos-
pital, 75 Francis Street, Boston, Massachusetts 02115. e-mail:
mhornstein@partners.org.

INTRODUCTION

The association between infertility and uterine
leiomyomas (fibroids), the most common benign
pelvic tumors in women of reproductive age, has yet
to be clearly defined (1). There is an increased preva-
lence of infertility and miscarriages in women having
fibroids, with size and location being the two most
important factors (2). Reduced sperm transport ef-
ficiency for fertilization because of distortion of the
uterine cavity, vascular changes, and irritation of the
endometrium, resulting in poor implantation and me-
chanical obstruction of the uterine tubes are some
of the possible mechanisms by which fibroids may
cause infertility (2–5). Higher pregnancy rates and
lower rates of spontaneous abortions have been re-
ported after myomectomy (4) which further supports
this idea.

The incidence of fibroids increases with age (1).
Because of a growing patient population of older
women undergoing in vitro fertilization (IVF), uter-
ine fibroids and their effect on the outcome of as-
sisted reproduction is of great interest. However, this
issue still remains controversial. Implantation rates
with leiomyomas may be reduced only in those with
uterine cavity deformation (6). This study found no
significant effect on IVF outcome as long as there was
no change in uterine contour. Ramzy et al. (7) found
fibroids to have no effect on implantation and miscar-
riage rates in IVF and intracytoplasmic sperm injec-
tion (ICSI) procedures unless the leiomyomas were
>7 cm in size and caused distortion of the endome-
trial cavity (7). However, others found that intramu-
ral and submucosal fibroids considerably reduce the
pregnancy and implantation rates even with a nor-
mal endometrial cavity (8). Consistent results of im-
paired pregnancy and delivery rates in patients with
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leiomyomas undergoing their assisted reproduction
cycles were presented by Stovall et al. (9).

The purpose of our study was to help clarify
this controversy by examining a much larger patient
population than those previously reported for the ef-
fect of uterine leiomyomas on in vitro fertilization
outcome, with age and other potential confounding
variables accurately controlled for in the analyses.

MATERIALS AND METHODS

Medical records from Brigham and Women’s Hos-
pital (BWH), of IVF patients diagnosed with uterine
leiomyomas and who were undergoing their first as-
sisted reproduction cycle between January 1997 and
December 1998 were analysed retrospectively. Base-
line pelvic ultra-sonography results were used to de-
termine presence, size, and location of fibroids. All
ultrasounds and laboratory studies were performed
at BWH. As part of the standard fertility evaluation,
a hysterosalpingogram, hysteroscopy, or sonohystero-
gram was performed on each patient.

Of the 587 patients initially reviewed, 40 patients
were excluded from the study because their outcomes
were associated with donor eggs, gestational carri-
ers, frozen embryos, GIFT and ZIFT procedures. The
remaining 547 IVF patients were divided into two
groups: 141 patients with fibroids (exposed) and 406
without (unexposed). Patients with prior myomec-
tomies, whose ultrasound showed no fibroids were
considered unexposed at the time of the study. This
study was approved by the Partner’s Healthcare Sys-
tem Human Research Committee for medical records
review.

Stimulation Protocols

Controlled ovarian hyperstimulation was per-
formed with luteal down-regulation. The standard
IVF protocol was as follows: Leuprolide acetate
(Lupron, TAP Pharmaceuticals, Deerfield, IL; 1.0 or
0.5 mg depending on prior gonadotropin response),
was begun either a week after documentation of
urinary LH surge, or on the day after a midluteal
progesterone determination, and was continued un-
til at least Day 2 of menses. Following appropri-
ate downregulation gonadotropin therapy was begun
with ether purified FSH (Fertinex, Serono Labora-
tories, Norwell, MA), recombinant FSH (Follistim,
Organon, West Orange, NJ; Gonal-F, Serono Lab-
oratories, Norwell, MA) or human menopausal go-
nadotropins (Humegon, Organon, West Orange, NJ).

Follicle growth monitoring, achieved with use of ultra-
sonography and measurement of serum estradiol, was
begun on stimulation Day 6, and then performed ev-
ery 1–3 days, as indicated. A dose of 10,000 IU of hCG
(Profasi, Serono, Norwell, MA) was administered in-
tramuscularly when two follicles reached a maximal
diameter of >20 mm (mean 16.5 mm) with estradiol
≥500 pg/mL.

Transvaginal oocyte retrieval was performed 36
hours after hCG administration. Luteal progesterone
supplementation was initiated the day after oocyte re-
trieval and achieved by one of three regimens: 1) daily
intramuscular progesterone (50 mg); 2) daily vagi-
nal gel (8% progesterone; Crinone, Wyeth-Ayerst,
Philadelphia, PA); or 3) twice daily vaginal proges-
terone suppositories (50–100 mg). Embryo transfer
was performed 3 or 5 days after retrieval.

Statistical Analyses

Unconditional multiple logistic regression was used
to derive odds ratios (ORs) of IVF outcome associ-
ated with uterine leiomyoma and to calculate 95%
confidence intervals (CIs), while controlling for age
(continuous) and eight other risk factors: number
of days stimulated, number of eggs retrieved, num-
ber of follicles stimulated, number of fertilized eggs,
number of cells per embryo, number of cells in em-
bryos transferred, year of treatment (1997 vs. 1998),
and physician’s diagnosis of the primary cause of
infertility (using indicator terms for adhesions/tubal
factor/pelvic inflammatory disease (PID), anovu-
latory/oligoovulation/polycystic ovarian syndrome
(PCOS), cervical factor/DES/immunological/ovarian
cancer, endometriosis, male factor, unexplained, uter-
ine factor, and not indicated).

Three separate analyses were run using a modified
dichotomous outcome variable for “no pregnancy”
(reference category) versus “pregnancy ending in ei-
ther 1) livebirth, 2) spontaneous abortion, or 3) ec-
topic pregnancy.” The same set of risk factors was
controlled for in each of the three analyses.

In a separate analysis, consisting of the subset of
women with fibroids (n = 141), we added indicator
terms for uterine leiomyoma locations (intramural
vs. submucosal/subserosal) and sizes to determine
whether these factors had any independent effect on
IVF outcome, after controlling for the same set of
potential confounders. To maximize the number of
women in each of the exposure groups, sizes were
divided into quartiles (<1.05 cm, 1.05–1.5 cm, 1.6–
2.3 cm, >2.3 cm). In all logistic regression models,
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Table I. Descriptive Statistics of Women With and Without Fibroids

Fibroids No Fibroids
Variable (Mean ± SD) (Mean ± SD) 95% CI p

Age (y) 36.9 ± 4.0 34.8 ± 4.2 (1.29, −2.87) <.0001
Number of days stimulated 11.4 ± 2.0 11.2 ± 1.8 (−0.10, 0.62) .16
Number of eggs retrieved 14.1 ± 8.3 16.4 ± 9.4 (−4.07, −0.47) .01
Number of fertilized eggs 7.7 ± 5.6 8.8 ± 6.7 (−2.34, 0.18) .09
Average number of cells 5.1 ± 1.5 4.9 ± 1.4 (−0.13, −0.45) .27

in embryo within the cohort
Number of cells transferred 5.7 ± 1.8 5.6 ± 1.7 (−0.27, 0.41) .67
Number of follicles stimulated 12.2 ± 7.4 13.3 ± 6.9 (−2.44, 0.24) .11

we considered a characteristic to be independently
associated with uterine leiomyoma if deleting that
variable from the model resulted in a statistically sig-
nificant likelihood ratio test (10). We considered a
characteristic to confound the association between fi-
broids and IVF success if deleting that variable from
the model containing all other independent predictors
resulted in a change of 2% or more in the OR for the
association between leiomyoma and pregnancy suc-
cess. We used a lower cutoff than the conventionally
used 10% change in point estimate because we wanted
to minimize possible confounding (11). Prior studies
on IVF outcome consistently demonstrate that age is
an important predictor of pregnancy success.

To assess the presence of effect modification be-
tween age and fibroids, we inserted an interaction
term into a logistic regression model with main ef-
fects. If the inclusion of the interaction term resulted
in a statistically significant Wald test statistic (10), age
would be considered an effect modifier of the rela-
tionship between fibroids and IVF outcome. Then,
age-stratified ORs would be presented.

Two-sample t-test for independent samples with
unequal variances (Satterthwaire’s Method) (11)
was applied to assess any mean differences between
women with and without fibroids with respect to
age, number of days stimulated, number of eggs
retrieved, number of fertilized eggs, number of cells
in embryo, number of cells transferred, and number

Table II. Association Between Fibroids and Pregnancy Outcome in IVF Patients

Pregnancy outcome Fibroids, N (%) No Fibroids, N (%) Crude OR Adjusted ORa 95% CIa pa

No positive pregnancies 98 (69.5) 237 (58.4) 1.00 1.00 — —
All pregnancies 43 (30.5) 169 (41.6) 0.62 0.76 0.48–1.19 0.23

Live Birth 34 (79.1) 142 (84.0) 0.58 0.73 0.49–1.19 0.21
Spontaneous Abortions 8 (18.6) 22 (13.0) 0.88 1.06 0.44–2.6 0.89
Ectopic Pregnancies 1 (2.3) 5 (2.9) 0.48 0.78 0.075–8.02 0.83

a Adjusted for (continuous) age, (continuous) number of days stimulated, (continuous) number of follicles stimulated, (continu-
ous) average number of cells in embryo within cohort, (continuous) number of cells in embryos transferred, year of treatment
and diagnosis of the primary cause of infertility.

of follicles stimulated. Results were reported as mean
(SD) with a two-tailed p-value <.05 as statistically
significant.

RESULTS

Mean values for number of days stimulated, num-
ber of follicles, number of fertilized eggs, number
of cells in all embryos within the cohort, and num-
ber of cells in embryos transferred were not signif-
icantly different between women with and without
fibroids (Table I). Statistically significant differences
were found between women with and without fibroids
for mean age (36.9 vs. 34.8 years, respectively; 95%
CI: 1.29–2.87) and mean number of eggs retrieved
(14.1 vs. 16.4 eggs, respectively; 95% CI:−4.07–0.47).
Women without fibroids were on average over 2
years younger than women with fibroids, and similarly,
women without fibroids retrieved on average two eggs
per cycle more than women with fibroids did.

Of the 141 patients with fibroids, 43 (30.5%) be-
came pregnant after one IVF cycle compared to 169
(41.6%) of 406 patients without fibroids (p = .23)
(Table II). Among women with fibroids, 8/43 (18.6%)
pregnancies resulted in spontaneous abortion and
1/43 (2.3%) in an ectopic pregnancy. Women without
fibroids had 22/169 (13.0%) spontaneous abortions
and 5/169 (2.9%) ectopic pregnancies. An analysis
of the crude data revealed that women with fibroids
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Table III. Association Between Size of Fibroid (in Quartiles) and IVF Outcome (Live Birth vs. No Pregnancy)

Fibroid size (n) Live births No pregnancy OR crude OR adjusted (95% CI)a pa

<1.05 cm (37) 9 28 1.00 1.00 —
1.05–1.50 cm (36) 12 24 1.56 1.41 (0.40–5.01) 0.59
1.60–2.30 cm (33) 12 21 1.78 1.65 (0.47–5.77) 0.43
>2.30 cm (35) 10 25 1.24 1.97 (0.49–7.97) 0.34

a Adjusted for (continuous) age, (continuous) number of days stimulated, (continuous) number of follicles stimu-
lated, (continuous) average number of cells in embryo within cohort, (continuous) number of cells in embryos
transferred, year of treatment and diagnosis of the primary cause of infertility.

were less likely than women without fibroids to have
a livebirth (OR= 0.58, 95% CI: 0.37–0.90, p = .015).
However, after adjusting for age and other potential
confounders, the association was much weaker and
no longer statistically significant (OR= 0.73, 95% CI:
0.49–1.19, p = .21). Fibroids were also not associated
with risk of spontaneous abortion (OR = 1.06, 95%
CI: 0.44–2.6) or risk of ectopic pregnancy (OR= 0.78,
95% CI: 0.08–8.02), although the numbers for these
outcomes were small (Table II).

In a separate analysis among women with fi-
broids, there was no association between the size of
the fibroid and pregnancy outcome (livebirth vs. no
pregnancy), after adjusting for age, number of eggs
retrieved, number of fertilized eggs, number of fol-
licles stimulated, number of days ovaries were stim-
ulated, or within cohort number of cells in embryos
transferred, year of treatment, primary cause of in-
fertility, and fibroid location (Table III). There was a
modest trend of increasing likelihood of livebirth with
increasing size of fibroid after controlling for poten-
tial confounders, but this trend was not statistically
significant. Location of fibroid (intramural vs. sub-
mucosal/subserosal) had no significant effect on preg-
nancy outcome (OR = 0.49, 95% CI: 0.09–3.12).

DISCUSSION

The objective of this study was to test our hypoth-
esis that there is no association between fibroids and
IVF pregnancy rates. Age was the strongest indepen-
dent predictor of pregnancy outcome and was deter-
mined to be a strong confounder of the relationship
between uterine leiomyoma and pregnancy outcome.
For each 1-year increase in a woman’s age, the like-
lihood of pregnancy decreases by almost 10%, after
controlling for fibroids and other risk factors (OR =
0.91, 95% CI: 0.86–0.96). After removing age from a
logistic regression model consisting of fibroids and all
other potential confounders, the likelihood ratio test
was highly statistically significant; its deletion resulted

in a 24% change in the exposure effect estimate. The
Wald test for heterogeneity of OR did not reveal any
effect modification by age on the association between
fibroids and IVF outcome. In women undergoing their
first assisted reproduction cycle, results from our anal-
yses indicated that uterine leiomyomas do not have an
independent effect on IVF success.

Myomectomies have been shown to improve fer-
tility with a 44.4% pregnancy rate postoperatively in
a prospective clinical study (12). Surgical removal of
fibroids >5 cm in diameter greatly improved preg-
nancy success by 67% (13). In several other uncon-
trolled studies, women having no other infertility
factor associated with fibroids improved in fertility
performance by a 54% pregnancy rate postmyomec-
tomy (14–16). However, when Seoud et al. (17) specif-
ically examined the effect of prior myomectomy on
IVF success, he found no significant association.

Although myomectomies have been shown to de-
crease the rate of spontaneous abortions (4), our re-
sults were not consistent with a correlation between
fibroids and increased pregnancy wastage; however,
the accuracy of this observation is limited by the sam-
ple size. In our patient population, for women with
and without fibroids, the spontaneous abortion rates
were 18.6% and 13.0%, respectively. Also, the ectopic
pregnancy rates among patients with and without a
leiomyoma were 2.3% and 2.9%, respectively. Differ-
ences in both spontaneous abortion and ectopic preg-
nancy rates were not statistically significant. Because
the majority of fibroids in our study population were
intramural (87.9%) and <4 cm in size, there is a pos-
sibility that an increased rate of miscarriages is seen
mostly with submucosal fibroids distorting the uterine
cavity or ones larger than our mean size (1). Earlier
studies (9, 18) have been consistent with our results
in finding no significant relationship between fibroids
and increased pregnancy loss.

A fibroid size of <7 cm in patients with a normal
uterine cavity size were found not to have a significant
effect on IVF outcome (7). The differences in clini-
cal pregnancy rates among women with and without

Journal of Assisted Reproduction and Genetics, Vol. 18, No. 3, 2001



P1: GCQ/GCZ P2: GCQ

Journal of Assisted Reproduction and Genetics PP045-293746 March 8, 2001 5:2 Style file version Oct. 14, 2000

FIBROIDS AND IVF OUTCOME 143

fibroids were also not statistically significant. The
mean size of all fibroids reported in (7) was 3.5 ±
0.9 cm, which was considerably larger than the mean
size, in our study, of 1.93 ± 1.26 cm. In the present
study, the majority of our patients had an average
leiomyoma size <4 cm with all tumors <7 cm except
for one 7.1-cm fibroid. Therefore, in both studies, fi-
broid size was not a factor in IVF outcome.

Unlike prior studies, the present study includes an
adjustment for age in our analyses. In a study in which
women with fibroids had an older age distribution
(p < .05), the authors did not control for age in their
analyses (7). In other studies, patients were matched
by age; however, the process of matching by age us-
ing two broad categories (<35 and ≥35 years) is not
precise (9). Thus far, our sample size was one of the
largest ever studied and possessed reasonably suffi-
cient power (64%) to detect a difference between the
groups. Power calculations were not reported in most
studies. Despite these strengths, however, as a ret-
rospective analysis, there possibly could have been
some unknown biases entered into our study. For ex-
ample, it is likely that physicians performed myomec-
tomies on patients whose fibroids were thought to be
problematic, such as submucous or large intramural
fibroids. Thus this study cannot exclude the possibility
that more clinically significant fibroids might have an
adverse impact on IVF outcome.

In conclusion, fibroids are shown not to have a sig-
nificant effect on IVF outcome after controlling for
age and other variables. Further studies are essential
in order to confirm our conclusions and to determine
the size limit and other potential characteristics of fi-
broids justifying the need for a myomectomy before
undergoing an assisted reproduction cycle.
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