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Abstract
The association between educational level and cycle outcomes was quantified by applying
multivariable logistic and linear regression within a prospective cohort of 2,569 women
commencing their first in vitro fertilization (IVF) cycle. Although a woman’s educational
attainment was not associated with the likelihood of implantation failure, chemical pregnancy,
spontaneous abortion, or live birth, the odds of cycle cancellation before egg retrieval were 40%
lower among those with an college degree and 48% lower among those with graduate school
attendance compared with women who had no college degree, suggesting that educational
attainment is inversely associated with the likelihood of cycle cancellation.
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A strong relation between maternal educational attainment and a child’s cognitive
development has been demonstrated (1), so within the field of assisted reproductive
technology (ART), studies addressing the influence of maternal education have also largely
focused on the cognitive, motor, and developmental outcomes in the children (2, 3). It
remains unclear, however, whether a woman’s education influences the outcome of in vitro
fertilization (IVF) treatment itself.

Women who delay childbearing until the completion of longer educational training may
comprise a large segment of the IVF patient population and may drive the observation of an
age-confounded inverse relation between educational level and successful IVF outcome.
Conversely, it may be that women with higher educational attainment are more likely to
correctly perform the stimulation protocol, thus improving their likelihood of treatment
success. If this association holds true, there may be potential for maximizing IVF success
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with improved educational interventions to minimize the risk for self-administered protocol
errors. We investigated the association between a woman’s educational status, independent
of age, and her IVF outcome within a large cohort of women commencing their first IVF
cycle at one of three clinics in the greater Boston area between 1994 and 2003. Further
details of the study enrollment have been described previously elsewhere (4).

This study was approved by the institutional review boards of Brigham and Women’s
Hospital and Harvard School of Public Health. Married couples, literate in the English
language, who were undergoing their first in vitro fertilization or intracytoplasmic sperm
injection (IVF-ICSI) cycle were eligible to participate. We excluded women using donor
gametes or gestational carriers, and those undergoing gamete or zygote intrafallopian
transfer, freeze-all cycles, or intrauterine insemination conversion to IVF. Before the start of
the cycle, the couples completed questionnaires that elicited their educational history,
demographic, and lifestyle information. The three clinic sites, including an academic center,
an academically-affiliated private practice, and a suburban private clinic, may represent
slightly different patient populations.

The women were divided into three mutually exclusive educational categories. The No
College Degree group included women who had attended at least grade school, had attended
or graduated high school, and/or had attended some college. The second category, College
Degree, included the women who had graduated from college. The third category, Graduate
Attendance, comprised women who had attended any graduate school or completed a
graduate degree.

Cycle cancellation was defined as having stopped treatment after starting ovarian
stimulation before egg retrieval. Reasons for cycle cancellation were grouped into three
categories: [1] baseline cancellation—cysts, follicles, fibroids, did not suppress; [2] poor
stimulation response; and [3] other/not specified. The peak estradiol level was defined as the
highest estradiol level achieved during the IVF cycle before the human chorionic
gonadotropin (hCG) trigger. For those who had at least one embryo transferred but
experienced no detectable rise in hCG, the outcome was defined as “implantation failure.”
Chemical pregnancy was defined as a detectable hCG level after embryo transfer without
observation of a gestational sac on ultrasound. Spontaneous abortion (SAB) was defined as
ultrasound findings of pregnancy, including a yolk sac or fetal heartbeat, with no further
pregnancy progression. Live birth was defined as delivery of a viable infant.

Multivariable linear regression was performed to quantify the relation between the woman’s
education and her peak estradiol level. Multivariable logistic regression was performed to
quantify the relation between the woman’s education and the dichotomous outcomes of
cycle cancellation, implantation failure, chemical pregnancy, SAB, and live birth. If adding
a covariate to the model changed the estimated effect of a woman’s education on cycle
outcome by 10% or more, the covariate was considered a confounder of the relation between
the woman’s educational status and IVF outcome and was included in the final multivariable
models (5). The peak estradiol level was not included in these models a priori as it is
hypothesized to be on the causal pathway between a woman’s education and IVF outcome.
Of the covariates tested (including stimulation protocol, cigarette-smoking status, physical
activity, parity, and history of prior SAB), only the woman’s age at cycle start (≤34 years,
35 to 39 years, ≥40 years) and the clinic (three sites) were included in the logistic regression
models. Age, body mass index (BMI, <18.5, 18.5–24.9, 25.0–29.9, 30.0–39.9, and ≥ 40 kg/
m2), and clinic site were included in the multivariable linear regression model addressing
peak estradiol levels. P<.05 was considered statistically significant.
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Of the 2,569 women in the study population, 9 had attended grade school only and were
included with the 570 women who had completed high school in the No College Degree
category; 1,105 women were college graduates, and 885 had attended or completed graduate
school (Table 1). Women with graduate school participation comprised 33%, 42%, and 25%
of the clinic population at each of the three sites. The mean age increased with increasing
education category (34.4, 35.1, and 36.2 years, respectively, with a difference of <2 years
between the first and third category), and mean BMI decreased with increasing educational
level (25.9, 24.0, and 23.0 kg/m2, respectively). Although most patients were nonsmokers,
the majority of current smokers were in the No College Degree category, which is consistent
with the greater prevalence of smoking that is associated with lower educational attainment
in the general population (6). Histories of prior pregnancy and of SAB were similar across
education categories (data not shown).

The majority of patients (73.3%) underwent IVF stimulation with a down-regulation
protocol, and this was consistent across educational categories. When patients were stratified
by down-regulation versus flare stimulation protocol, the numbers were too small to
quantify within-strata effects.

Among each education level of those with a cancelled cycle, 80% cancelled due to poor
stimulation response. There was a greater proportion of Unspecified Reason indicated in the
No College Degree group (16% vs. 10% for the other two groups). After adjusting for age
and clinic, the odds of cycle cancellation at any point before egg retrieval were 40% lower
among those with an undergraduate degree and 48% lower among those with a graduate
degree compared with women in the No College Degree group (P=.001, test for linear
trend). More specifically, among the never-smokers, college graduates and graduate school
attendees had 35% lower odds of cycle cancellation as compared with women with no
college degree. Among ever-smokers (past and current), compared with the No College
Degree group, the college graduates had 46% lower odds and women who attended graduate
school had 68% lower odds of cycle cancellation. However, the odds of cancellation were
not statistically significantly different among these groups (P=.18, test for heterogeneity).
Although there is evidence that cigarette smoking is associated deleteriously with fertility
(7) and IVF outcomes (8), adjustment of smoking (never vs. ever) did not alter the observed
relation between educational attainment and cycle cancellation.

After we adjusted for age, BMI, and clinic site, the patients with a graduate school education
had statistically significantly higher peak estradiol levels than the patients in the No College
Degree group (P=.02, test for linear trend). Among women who had an embryo transfer, no
statistically significant difference was observed across education groups for any other IVF
outcome. For analysis of the association with live birth, we additionally included all cycle
starts; similarly, no association with educational attainment was found.

We observed greater odds of cycle cancellation among the women with lower educational
attainment, irrespective of age, which suggest that education itself may impact successful
progression to egg retrieval. For the women who progressed to egg retrieval, a woman’s
educational level was also correlated with her peak estradiol level, which may suggest a
relation between a woman’s education level and comprehension of the cycle instructions.
Among women who had an embryo transfer, there was no statistically significant difference
across education groups or any subsequent IVF outcome. A separate analysis was performed
to include all cycle starts, and similarly no difference in IVF outcomes was found.

Since the close of study enrollment in 2003, the availability of nursing support and
pharmaceutical on-call services have increased at most fertility clinics. Furthermore, patient
materials are available through lay support groups, Internet blogs, and even on YouTube on
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how to administer the medications, although these sources have not been reviewed and
affirmed by clinicians. The increase in available information allows for the potential to
reduce differences in the influence of a woman’s education on her cycle outcomes by clinic
site. However, with the availability of expert-reviewed and nonreviewed material comes the
opportunity for misinformation and medication administration error. As the major finding of
this study was a correlation between cycle cancellation and lower educational level, this
suggests that improved training for proper home-based administration of stimulation
regimens may lower the odds of cycle cancellation for patients who have less than a
graduate-level education. Furthermore, a targeted educational process may even improve
cancellation rates across all educational backgrounds. There may be potential for
maximizing IVF treatment outcome with improved and standardized educational and
supportive tools.

We conclude that a woman’s educational level may impact attainment of sufficient peak
estradiol levels and successful progression to oocyte retrieval. After that point, IVF
outcomes were not associated with a woman’s education. Further studies should evaluate
compliance to treatment protocols by educational level.
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TABLE 1

Women’s characteristics and in vitro fertilization (IVF) cycle outcome by education category among 2,569
women commencing their first treatment cycle.

Characteristic
No college degree

(n = 579)
College degree

(n = 1,105)
Graduate school

attendance (n = 885)

Age (y), mean (SD) 34.4 (4.5) 35.1 (4.2) 36.2 (4.1)

BMI (kg/m2), mean (SD) 25.9 (5.8) 24.0 (4.9) 23.0 (3.9)

Current smoker, N (%) 109 (18.9) 48 (4.3) 20 (2.3)

Down-regulation, N (%) 419 (72.4) 805 (72.9) 658 (74.4)

Embryos transferred, mean (SD) 2.9 (1.2) 2.9 (1.2) 3.1 (1.3)

Outcome

  Cycle cancellation, N (%) 64 (11.1) 80 (7.2) 61 (6.9)

    OR (95% CI)a 1.00 (Referent) 0.60 (0.42–0.85) 0.52 (0.36–0.76)

  Peak E2 (pg/mL), mean (SD) 1,535.0 (904.1) 1,588.6 (945.6) 1,719.0 (950.2)

    Adjusted peak E2 mean pg/mL (P value)b 1,465.1 (Referent) 1,482.9 (.90) 1,599.3 (.02)

  Chemical pregnancy, N (%) 37 (15.9) 81 (18.5) 68 (18.5)

    OR (95% CI)a (Referent) 1.12 (0.73–1.73) 1.07 (0.68–1.68)

  SAB, N (%) 31 (15.9) 41 (11.5) 46 (15.4)

    OR (95% CI)a (Referent) 0.61 (0.37–1.02) 0.76 (0.46–1.28)

  Live birth, N (%)c 163 (28.2) 313 (28.3) 248 (28)

    OR (95% CI)a (Referent) 1.11 (0.88–1.39) 1.23 (0.96–1.57)

Note: BMI = body mass index; CI = confidence interval; E2 = estradiol; OR = odds ratio; SAB = spontaneous abortion; SD = standard deviation.

a
Multivariable logistic regression model adjusted for age at cycle start and clinic site.

b
Multivariable linear regression model adjusted for age, body mass index, and clinic site.

c
Live birth among all cycle starts.
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