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a private matter, but public
health perspectives and skills
can contribute greatly to our

knowledge about infertility,
and the development of
effective and rational public
policy for prevention, access

to health care, and regulation
of new technologies. WVe
offer a primer of public
health aspects of infertility in
an effort to encourage the
broad spectrum of public
health professionals to

become more knowledgeable
about these topics and join in
the national debate about
preventive strategies, cost-

benefit assessment, resource

allocation, and ethics.
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benefit ratios for a variety of infertility treatments. Public
health ethicists and legal scholars are making major con-
tributions to the development of policies related to infer-
tility research and are opening up a much-needed dia-
logue about the ethical, moral, and legal implications of
new developments in infertility treatments.

We present here a hypothetical case study, a narrative
of one couple's journey through the experience of infertil-
ity, to illustrate how public health perspectives apply at
each decision step.

THE OCCURRENCE OF INFERTILITY

Roberta and Bob M. are fairly typical infertility
patients. They have been married for five years and
attempting pregnancy without success for eight
months. She is a 37-year-old woman who has never
been pregnant and was a faithful user of contracep-
tion until eight months ago. Bob is 40 years old, with
no children. Concerned about the possibility of infer-
tility and mindful of Roberta's "biological clock," they
make an appointment with Roberta's gynecologist.
The physician recommends a work-up and refers the
couple to the infertility advocacy organization
Resolve for information and support.

Prevalence. Bob and Roberta may be typical infertility
patients, but do they represent the typical infertile couple?
Much of what is known about the prevalence of and risk
factors for infertility is learned from the National Survey of
Family Growth (NSFG), conducted periodically since
1973 by the National Center for Health Statistics
(NCHS) of the Centers for Disease Control and Preven-
tion. Based on personal interviews with a national sample
of women 15-44 years of age, the NSFG is a multipurpose
study to collect data on factors affecting women the health
of US women. The NSFG provides information not only
on the prevalence of infertility but also on adoption' and
the use of infertility health services.

The most recent NSFG, conducted in 1995, reveals
that approximately 7% of married couples (more than
two million couples) in the United States reported expe-
riencing difficulty in achieving a pregnancy ("relative
infertility").2 In 1995 alone, more than six million
women (10% of all women ages 15-44 years) in the US
reported reproductive difficulty defined more broadly as
impaired fecundity, or the inability to get pregnant or
carry a child to term.2 Of those, almost half (2.8 million)
had no children. The prevalence of infertility rises signif-
icantly with increasing age, among women without chil-
dren. No such effect of age was observed among women

PUBLIC HEALTH REPORTS * NOVEMBER/DECEMBER 1999 * VOLUME 1 14496



I N F E R T I L I T Y

with children. There were no significant differences in
prevalence of infertility across education level or racial or
ethnic categories.2

Problems in assessing the occurrence of infertility.
Assessing the occurrence of infertility in a population is
hampered by several features that distinguish it from
other health concerns. First, infertility is typically experi-
enced not by an individual, but by a couple. Though
infertility is still too often seen primarily as a woman's
problem, the underlying cause may be a male factor
(abnormal sperm or low sperm count), a female factor
(tubal or ovulatory dysfunction), a combination of prob-
lems, or a couple factor (with both partners experiencing
reproductive problems). In addition, there is a significant
social basis to the condition; one usually requires the
desire or opportunity for conception to be considered
infertile. Two women with blocked fallopian tubes and
therefore with a similarly impaired ability to become
pregnant will be viewed differently in an epidemiologic
study of infertility if one woman wants to become preg-
nant and the other does not. The latter may never even
know of her physical disability unless and until she
wishes to have a child.

As for many diseases or disorders, there is no single
objective test of infertility and no universally accepted
definition, though typically it is defined in clinical prac-
tice as the inability to become pregnant after more than
one year of unprotected intercourse. Various definitions
have been used in epidemiologic studies. A comparison
of several of these definitions demonstrated, not sur-
prisingly, that the different definitions yielded very dif-
ferent estimates of prevalence and pregnancy success
rates.3 Each of the definitions considered by March-
banks et al.3 categorized infertility as the inability to
become pregnant based on the length of time in which
conception fails to occur. Defining a health outcome
not as a structural or physiologic abnormality but as the
lack of the ability to do something is problematic. Sup-
pose, for example, if one were to study the inability to
climb stairs without considering whether the failure to
reach the top were the result of cardiac insufficiency,
respiratory disease, or a broken leg. Such a construct
would obscure the ability to understand the distribution
of the condition in the population and would cloud the
identification of risk factors and preventive strategies
for the underlying disorders. Defining infertility with-
out considering its underlying physical, structural, or
hormonal bases may be the best that can be achieved by
most population studies since the underlying cause of
the functional difficulties is often not known. However,
doing so may not lead to an adequate understanding of
causes, preventive strategies, or the effectiveness of
various therapies.

Use of infertility services. Unlike Roberta, most
women who experience infertility or impaired fecundity
do not seek medical help. Of the 6.2 million women esti-
mated to have impaired infertility in 1995, about 2.7 mil-
lion (44%) had ever sought infertility services in their
lives, and about 700,000 (11%) had done so in the previ-
ous year.4 Not surprisingly, women with impaired fecun-
dity who sought medical services differed in several
respects from those who did not. They were more likely
to be older (particularly among women with no children)
and have a higher income. They were also more likely to
be married. Though there were no significant differences
in the rate of impaired fecundity across racial or ethnic
categories in the 1995 NSFG,2 women who reported
using "specialized services" were more likely to be white
than non-white and were of higher socioeconomic status
than women who did not report using such services.4
This is not surprising given the high cost of these proce-
dures and the fact that in most states they are not cov-
ered by medical insurance.

The percentage of women with impaired fecundity
who had ever received medical help for their problem
was 44% in both the 1988 and 1995 surveys; however,
the absolute number of such women rose from 2.1 million
in 1988 to 2.7 million in 1995, due primarily to the larger
size of the fecundity-impaired population.4 The absolute
number of women being treated with assisted reproduc-
tive technologies (ARTS, defined as treatments or proce-
dures that involve the handling of human eggs and sperm
for the purpose of helping a woman become pregnant)
rose dramatically in that period.5

The emotional toll. A true understanding of the condi-
tion of infertility cannot be achieved by exploring only
the physical causes and consequences. For many cou-
ples, infertility is as much an emotional and spiritual cri-
sis as it is a physical challenge. The gynecologist's refer-
ral of Bob and Roberta for emotional support is
important and based not only on clinical intuition but on
substantial scientific evidence. Infertility interferes with
one of the most fundamental and highly valued human
activities, and thus presents a major life challenge.6 In a
June 1998 decision in the case of Bragdon v. Abbot, the
US Supreme Court ruled that reproduction is a major life
activity and that individuals with physical or mental
impairments that substantially limit reproduction now
qualify for protection under the Americans with Disabili-
ties Act.

There is evidence that the psychological effects are
similar to those of cancer and heart disease.7 For many
individuals and couples, the inability to have a desired
child results in social isolation, clinical depression, and
reduced job performance and life satisfaction. Infertility
thus has a social as well as an individual impact.8-'0
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Bob and Roberta have been referred to Resolve, Inc.,
a nationwide education, advocacy, and support network.
This organization provides critical services, particularly
information and support groups, for people facing infer-
tility. The support groups it has fostered have served as
an impetus for the inclusion of mental health services in
infertility programs and for the development of multidis-
ciplinary teams that include psychologists and psychia-
trists who specialize in the emotional effects of infertility.
The legislative advocacy activities of Resolve were instru-
mental in the passage of a federal law to regulate success
rate reporting for in vitro fertilization (IVF) and other
ARTs and state laws to promote insurance coverage for
infertility treatment.

PREVENTION OF INFERTILITY

Before we begin the discussion of the public health ram-
ifications of Bob and Roberta's diagnosis and treatment,
we should rightly begin with a discussion of the preven-
tion of infertility. In its review of the medical and social
aspects of infertility, the Office of Technology Assess-
ment concluded, "With the personal, familial, and soci-
etal losses caused by infertility inestimable and the eco-
nomic costs so great, it is clear that infertility is better
prevented than treated."" Certainly, one of the principal
goals of public health is health promotion through dis-
ease prevention. A clear understanding of possible risk
factors for infertility is essential to designing and imple-
menting effective strategies to protect the fertility of
both men and women. Though in a large percentage of
cases, the causes of infertility are unknown, several pre-
ventable causes have been identified.

Chlamydia trachomatis. The most common pre-
ventable cause of infertility is infection with Chlamydia
trachomatis, a sexually transmitted bacterial infection.
The exact prevalence of chlamydia infection is
unknown, but estimates are generally higher than 10%
among sexually active girls and higher than 5% among
young adult women.'2 Chlamydia infections are surely
underreported, since the infection is asymptomatic in
approximately 50% of men and 75% of women.'3 In 1998
alone, more than 600,000 cases were reported to the
Centers for Disease Control and Prevention (CDC),
reflecting the tip of the iceberg. It is estimated that
approximately three million cases occur annually.'4 Ado-
lescents and young adults are at the greatest risk for
infection with Chlamydia trachomatis, with the vast
majority of reported cases occurring in people younger
than age 25. This may be due to both a higher level of
exposure among young people and the fact that young
women are biologically more susceptible to the effects
of Chlamydia than are older women. In addition to

young age, the principal risk factor for infection with
Chlamydia trachomatis is multiple sex partners.'5
Chlamydia infections, if undiagnosed or inadequately
treated, can lead to pelvic inflammatory disease (PID),
with serious reproductive sequelae. An estimated 40% of
women with inadequately treated cervical chlamydia
infections develop PID. Of those, 20% go on to experi-
ence infertility due to tubal scarring, and another 9%
have ectopic pregnancies. 7

Recent technical advances have improved the ability
to detect, diagnose, and treat chlamydia infections.
Relying on these advances, large-scale regional screen-
ing and treatment programs, beginning with one in US
Public Health Service Region X (Washington, Oregon,
Alaska, and Idaho), have been successful in reducing
the prevalence of chlamydia infections.'8 In its first nine
years, Region X's program resulted in a 67% decline in
chlamydia positivity (from 9.3% of those tested in 1988
to 3.1% in 1997). The National Infertility Prevention
Program currently funds chlamydia screening and treat-
ment services in all 10 PHS regions. There is evidence
that supports that these centers have contributed to a
decline in the incidence of chlamydia cases nationally.'4

CDC estimates that Chlamydia trachomatis infec-
tions and their consequences cost approximately $2.6
billion (in 1997 US dollars) each year.'9 Based on a con-
servative CDC estimate of 6.6% prevalence of chlamydia
infection, universal screening and treatment for chlamy-
dia of women ages 15-20 in STD and family planning
clinics would save approximately $900 to $1000 (1993
dollars) for each case of chlamydia successfully treated,
compared with a no-screening strategy.20

Other lifestyle factors. Many other preventable
causes of both male and female infertility have been
identified, including lifestyle factors such as obesity and
weight gain; weight loss and eating disorders; excessive
exercise; and use of nicotine, alcohol, or caffeine.2'
Although these causes are important to consider both
clinically and epidemiologically, the magnitude of their
effect is dramatically less than that of complications
resulting from chlamydia infection.

While it is important to educate couples about fac-
tors that have been shown to be associated with infertil-
ity, it is difficult to predict the likelihood that changing
behavior will result in a pregnancy. Many people may
choose to change their behavior simply because it is
something over which they have control. That, in and of
itself, may be psychologically desirable, since the feeling
of powerlessness experienced by infertile couples is
sometimes overwhelming. In addition, changes in
health-related behaviors, such as moderating diet,
reducing caffeine intake, and stopping smoking, may
result in two other positive outcomes-an improved
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overall health status and a reduced likelihood of harm to

the fetus should a pregnancy occur.

Maternal age. Bob and Roberta, as an "older' couple
wishing to conceive a child, represent a growing subset of
the population reporting infertility. An increasingly com-

mon cause of infertility is advancing age of the woman.

The effects of aging on egg quality and ovulatory function
as well as an increased risk of disorders such as

endometriosis, result in decreased fertility as a woman

proceeds from her 20s through her 30s and into her 40s.
In addition to a lower ability to conceive, older women are

also at greater risk of early pregnancy loss. According to

1995 NSFG data,2 11.7% of women ages 15-24 experi-

ence impaired fecundity, while in the 35-44 age group,

almost four times as many women (42. 1 %) have difficulty
becoming pregnant or carrying a baby to term.

The current generation of women in their late 30s and
early 40s has exercised an unprecedented degree of control
over childbearing with the birth control pill, legalization of
abortion, delayed marriage, and the increasing choice to

pursue a career prior to starting a family. The rise in the
prevalence of infertility since 1988 has been due largely to

the rise in the number of women entering the older repro-

ductive age range (ages 3 5-44 years)-the "baby boomers"
coming of age and the markedly high percentage of these

women who have delayed childbearing.4
A possible negative side effect of the extensive media

coverage of technologic advances in the treatment of infer-
tility is that it may provide many couples false expectations
about the ability of technology to help them should they
have difficulty achieving a pregnancy. Couples should be
counseled about the increased risks of infertility and
impaired fecundity associated with advancing maternal
age and provided with a realistic estimate of success rates

for various therapies. Though many factors, including
emotional and financial security, must rightfully be consid-
ered in the decision to have a child, it is clear that the
decision cannot be postponed indefinitely.

Although most clinical definitions of infertility rely on

the magical cut-off of one year of unprotected, well-timed
intercourse, it is important that couples and clinicians alike
be mindful that the timetable for women in their mid- to

late 30s should be shortened. Jansen, a leading researcher,
argues that the two best predictors of the chance of achiev-
ing pregnancy naturally in circumstances of relative infer-
tility are the duration of infertility and the estimated time
left for conception.22 It is clear that, at 37, Roberta's
chances of a successful pregnancy are considerably slim-
mer than they might have been even a few years earlier.23
Therefore, after only eight months (or even sooner), she is
an appropriate candidate for medical work-up.
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Occupational and environmental exposures. In addi-
tion to chlamydia infection and the lifestyle factors that
have been implicated as causative agents in infertility,
more than 50 chemicals found in the workplace and the
environment are known to be associated with adverse
reproductive outcomes in both men and women.24 Several
studies have demonstrated an association between expo-
sures to chemicals, most notably solvents and pesticides,
and adverse outcomes such as spontaneous abortions and
birth defects.25 Less clear has been the link between work-
place and environmental hazards and decreased fertility,
perhaps partly due to the difficulty of studying that out-
come, particularly among women.

Workplace chemicals and infertility. Despite method-
ologic problems, significantly higher rates of infertility have
been observed in women employed in several occupations,
including dental assistants exposed to nitrous oxide,26
women exposed to glycol ethers in the production of silicon
wafers in the semiconductor industr,27 and women exposed
to organic solvents in a variety of occupations.28

One of the most notorious chemicals implicated in
male infertility is 1,2-dibromo-3-chloropropane (DBCP), a
soil fumigant (nematocide) used widely in the United
States from the early 1950s until 1977. After several men
employed at a chemical company in California were noted
to be experiencing significant difficulties in starting fami-
lies, a study of 36 workers engaged in the manufacture of
DBCP revealed that 14 (39%) had low sperm counts.29
Further studies documented a dose-response relationship
between exposure to DBCP and sperm count, apparently
due to damage to the seminiferous tubules, as seen on tes-
ticular biopsy.30 Within one month of workers at the chem-
ical company reporting their problem to their union, the
Occupational Safety and Health Administration (OSHA)
issued an emergency temporary standard, and six months
later a permanent standard of one part per billion (eight-
hour time weighted average) was promulgated. Two years
later, the Environmental Protection Agency banned the
use (with one exception that has since been eliminated) of
DBCP in the US.

The history of DBCP is considered a public health
success story. Alert workers and an alert clinician worked
together to document a problem, which led to the estab-
lishment of policies geared to reducing and eliminating
exposure to the offending agent. It must be noted, how-
ever, that there are numerous other pesticides still in use
worldwide that have been associated with male infertility
or other adverse reproductive outcomes.31-33 In addition,
of the approximately 60,000 chemicals and four million
chemical mixtures in commercial use, only a small fraction
have been tested for reproductive effects.34'35 While more
than 1000 workplace chemicals have shown reproductive
effects in animals, physical and biological agents in the

workplace that may affect fertility and pregnancy out-
comes are practically unstudied in humans.35 A true public
health success story would be one in which adverse health
effects were prevented in the first place by more rigorous
strategies to evaluate the toxicant properties of chemicals
currently in use.

Environmental exposure. In addition to potentially
harmful exposures experienced on the job, larger popula-
tions may be affected by exposures occurring in the envi-
ronment. There is concem that environmental toxicants
may be contributing to a more widespread lessening of fer-
tility, in particular a decline in sperm count over time. One
of the most troubling and controversial findings in recent
years has been an apparent decline in semen quality
worldwide over a 50-year period. In an analysis of 61 stud-
ies published from 1938 through 1990, Carlsen et al.36
found a significant decline in mean sperm concentration
and volume. Their study suffered from several method-
ologic limitations, including simplistic statistical model-
ing, possible selection biases, and numerous uncontrolled
potential confounders. However, a recent re-analysis that
attempted to account for many of these limitations still
found evidence of reduced sperm quality over time.37
Importantly, however, the decline did not appear to be geo-
graphically uniform across regions. Recent studies also
provide evidence of geographic variation, documenting a
decline in France and Scotland but not in the United
States.3840 Geographic differences are marked and need
further exploration to shed light on population and envi-
ronmental factors that contribute to these differences.

The proliferation of chemicals that disrupt the function-
ing of the endocrine or hormonal system is a principal sus-
pect in the apparent decline in sperm quality in parts of the
world. Humans are exposed to a number of such "endocrine
disruptors"-synthetic, fat soluble, long-lived compounds,
including chlorinated pesticides such as DDT and kepone
and industrial compounds such as polychlorinated
biphenyls (PCBs), phenols, and dioxins. Exposure to these
chemicals may occur through a variety of pathways, includ-
ing exposure to pesticides or industrial emissions and or
ingestion of animal fat or contaminated drinking water. Evi-
dence from animal studies implicating these chemicals in
causing adverse reproductive effects is convincing across a
large number of species,4' but human evidence is less clear-
cut. Further research is clearly needed.

THE INFERTILITY WORK-UP

After their work-up, Roberta and Bob meet with the
physician to discuss theirfindings, which include par-
tial obstruction of one fallopian tube on X-ray, an
abnormal post-coital test (a measure of the ability of
sperm to move through a woman's cervical mucus at
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the time of ovulation), and lower than "normal" motil-
ity on semen analysis. The couple is referred to an
infertility specialist, who recommends a course of
antibiotics for both partners to treat a presumptive
male genital infection and three months of intrauter-
ine insemination with controlled ovarian stimulation.
Ifno pregnancy ensues, they will move on to IVF.

Regardless of the etiology or etiologies of their reproduc-
tive difficulties, whether related to some previous infection
or advancing age or due to some suspected or unknown per-
sonal or environmental factor or a combination of causes,
Bob and Roberta now have to deal with having been told by
their physician that they have abnormal test findings. What
do their test findings mean? The accuracy of common diag-
nostic tests and the effectiveness of common treatments for
infertility have not been well established. Although post-
coital testing and semen analysis are standard elements of
the infertility work-up, a correlation of the findings of these
routinely used tests with the post-treatment conception rate
has not been established.4243 Variations in standards and
test performance are common for both of these tests, and
current testing standards may be inadequate to control
inter-rater reliability, consistency of results from method to
method and laboratory to laboratory,44 and an acceptable
level of sensitivity and specificity.45

TREATING INFERTILITY

After antibiotic therapy and three months of
intrauterine insemination without success, our cou-
ple attempts IVF. In the first two tries, Roberta does
not respond well to ovulation induction, and no
mature oocytes can be recovered with which to
attempt fertilization. The physician meets with
Roberta and Bob, summarizes their results so far, pre-
sents them with a list of options, and discusses in
detail the expected prognosis and potential problems
associated with each course of action.

Informed consent. Bob and Roberta are well served by
their physician if they receive high quality care based on
knowledge of and expertise in the most recent technologic
advances, with consideration of the most appropriate thera-
pies that suit them individually and as a couple. However,
they are only served well if that care comes with their full
understanding of and consent to treatment options; with full
disclosure of the probability of success and possible adverse
effects of each option; and with full disclosure of non-med-
ical options to achieving parenthood such as adoption.

The issues surrounding informed consent for infertility
treatment are complex and challenging. Concerns arise
within the realm of infertility treatment that simply do not
occur in other forms of medical care. These include the

ethical and legal issues related to embryo storage and
third-party (surrogate mother or gamete donor) reproduc-
tion. In addition to protecting the autonomy of the adults
involved in decision-making, the informed consent
process must safeguard the interests of the child who may
be born as a result of these procedures. In fact, the
amount of information to be presented to infertility
patients is so extensive that two states (New Hampshire
and Virginia) have enacted laws to govern the content of
discussions and one state (New York) has developed an
extensive set of recommended guidelines for the use of
ARTS, including the informed consent process.46

In addition to the features that distinguish infertility
therapies from treatments for other conditions, there are,
of course, an obvious set of issues that are common to
informed consent for all types of medical interventions.
Paramount among these is disclosure about effectiveness
and safety. Calculation of risk-benefit ratios for infertility
treatments has been difficult for a variety of reasons.
Much of the research about effectiveness and risks of
treatment suffers from lack of controlled clinical trials,
small study samples, and lack of agreement on definitions
and outcome variables. Exacerbating this problem is the
fact that, for most of the past quarter of a century, Con-
gress has banned the use of federal funds for the support
of embryo research. Neither risk nor benefit has been
clearly established for many of the most common treat-
ments, both low and high tech.

"Low tech" therapies. Technologies that do not involve
retrieval of oocytes or fertilization outside the body-"low
tech" procedures-constitute more than 95% or the treat-
ments provided for infertility.47

For many patients with impaired fertility in which there is
no obvious diagnosis, treatment plans begin with attempts to
stimulate the ovaries to produce more than one egg ("super-
ovulate") by the use of one or more drugs, often in concert
with intrauterine insemination. Intrauterine insemination is a
procedure in which concentrated sperm are introduced
directly into the cervix with the goal of improving oocyte
quality, increasing the number of oocytes available for fertil-
ization, and giving sperm an "assist" by placing them higher
up in the reproductive tract. Conception rates after intrauter-
ine insemination have ranged widely in different studies,48
and valuable time may be lost for the older woman if this
strategy is employed, as is often the case, for many months
prior to attempting IVF. There is evidence for a treatment-
independent or placebo effect that can confound the inter-
pretation of success rates for these infertility treatments,
even in cases of longstanding infertility.49 In one large series,
no difference in conception rates could be demonstrated
between treated and non-treated groups of infertility
patients.50 Although the federal government is now engaged
in surveillance of outcome data from "high tech" procedures,
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there is no formal monitoring process or mandated reporting
for "low tech' therapies.

"High tech" procedures. Given their lack of success with
intrauterine insemination, Bob and Roberta decide to go on
to one of the ART procedures-treatments or procedures
that involve the handling of human eggs and sperm for the
purpose of helping a woman become pregnant. They are not
alone. In 1996, more than 64,000 ART procedures were car-
ried out in clinics in the United States.' The most common
ART procedure is in vitro fertilization (IVF), which involves
removing a womanIs eggs from her ovaries, fertilizing them
with sperm outside her body, and transferring the resulting
embryos into her uterus through the cervix. All ARTs, includ-
ing IVF, are most commonly performed using fresh (non-
frozen) embryos developed from the woman's eggs (71 % of
all ART procedures), but it can also be performed using
frozen embryos ( 14%) and donor gametes or embryos (8%)."'
Other ARTs include zygote intrafallopian transfer (ZIFT)
(2% of ARTs) and gamete intrafallopian transfer (GIFT)
(5%).51 ZIFT differs from IVF in that the embryos are trans-
ferred to the fallopian tubes rather than to the cervix. In the
GIFT procedure, unfertilized eggs and sperm are placed
with a laparoscope into the woman's fallopian tubes, where
fertilization is expected to occur.

In her IVF cycles, Roberta was unable to produce
mature oocytes with which to attempt fertilization. Had
she undergone oocyte retrieval, what would have been her
chance of getting pregnant? In 1996, the overall rate of
pregnancies per cycle for all ARTs was 27%' (Figure 1),

while the rate of live births per cycle was 22.6%. That rate
differs, however, according to a number of factors, includ-
ing patient age, diagnosis, length of infertility, the number
of previous IVF attempts, and the size and quality of the
clinic."' Most important of these factors is age, with a
28.7% rate of live births per cycle reported in 1996 for
women younger than 35 years of age, compared with
21.3% among women ages 35-39, and only 8.7% among
women older than 39 (Figure 2).5

The goal of most couples attempting IVF is to become
pregnant and give birth to one healthy baby. If Roberta had
become pregnant through IVF, what would have been her
chances of achieving that goal? Of the 27% of IVF proce-
dures performed in 1996 that resulted in a pregnancy,
approximately one-half (52.3%) resulted in a single birth
(Figure 3).1 About one-quarter (26.3%) resulted in twins,
and 5.8% triplets or greater. The remaining 15.6% resulted
in an adverse outcome (ectopic pregnancy, induced abor-
tion, spontaneous abortion, stillbirth).

Risks of therapy. In addition to the risks inherent in the
use of invasive procedures, all treatments that require
superovulatory drugs to stimulate the production of
mature oocytes carry added risk."2 The use of these drugs
has been linked to a number of significant health risks,
including ovarian hyperstimulation syndrome (OHSS),
which is characterized by a combination of ovarian
enlargement and an acute fluid shift out of the intravascu-
lar space. Severe OHSS can be a life-threatening event.
Though it is relatively rare,53 it must remain a concern to

both clinician and patient.
1 Another concern is

that superovulation may be
associated with an
increased risk of ovarian
cancer. The first epidemio-
logic study to document
the possible link was
reported by Whittemore et
al. ,54 who analyzed com-
bined data from 12 case-
control studies conducted
in the US. The nature of
this association has been a
matter of controversy since
then.99 Though few dis-
pute that the association
exists, there is substantial
disagreement as to
whether it is causal. A
highly plausible explana-
tion for the observed asso-
ciation is that women with
particularly refractory
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infertility, who are likely to
use ovulation enhancing
drugs, may constitute a
high-risk population for
developing ovarian cancer.
It has been suggested that
precancerous ovarian con-
ditions may have 'caused'
[superovulatory] therapy
rather than the reverse."56

The most obvious and
well-publicized side effect
of superovulation therapy
is the increased risk of
multiple births. Wider use
of ARTs has greatly
increased the number of
twins and higher order
(triplets or higher) multi-
ple births.57 In 1996, 38%
of all ART births in the US
were multiple births, com-
pared with 2.7% of births
in the general population.5'
Although public discussion

has focused on a high rate of multiple births among
women pregnant as a result of ARTs, the same drugs are
widely used to treat ovulatory function in contexts not
associated with IVF, such as intrauterine insemination.
Their use in these cases is not monitored or reported.

A host of serious consequences are associated with
multiple births, particularly higher order births. Neonatal
complications include prematurity and resulting long-term
complications, low birth weight and resulting complica-
tions, congenital abnormalities, and respiratory distress
syndrome.5840 Infant mortality is 15 times higher for
higher-order multiples than for singletons.6' Among the
potential medical complications for the mother are hyper-
tension, anemia, postpartum hemorrhage, and
depression.58'624

The financial costs related to the delivery and perinatal
care of multiples are substantial, straining an already over-
stressed health care system. The matemal and neonatal
costs for a triplet pregnancy have been estimated at
$64,000.63 The in-hospital costs of multiples resulting from
ART at one Boston hospital alone were estimated at $3 mil-
lion per year.65

In addition to obvious physical risks to both mother
and children and the monetary costs of higher order multi-
ple births, there are harder to measure, but very significant
costs and stresses on all members of the family-extreme
sleep deprivation, anxiety, depression, lack of personal
time for parent and child, and long-term financial strains.
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Figure 2. Live birth rates for fresh, nondonor ART
cycles, by woman's age and number of previous
live births, United States, 1996
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Figure 3. Outcomes of pregnancies resulting from fresh, nondonor ART cycles,
United States, 1996
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Expanded indications and new uses of ARTs.
Although IVF was first developed to address a single
medical indication, blocked fallopian tubes, ARTs are
now used to treat almost all infertility conditions that do
not respond easily to conventional therapies. It has even
been suggested that it is cost-effective for patients to uti-
lize an ART technique as a first line therapy for
endometriosis and anovulation, common medical causes
of infertility.66

In addition, IVF is now commonly used to treat non-
infertile couples for concerns and problems that are not
related to infertility. IVF may be undertaken as an elec-
tive procedure to allow use of embryo biopsy for pur-
poses of sex selection and genetic diagnosis. In these sit-
uations, ovulation induction medications are used to
increase the number of available oocytes, which are
retrieved and cultured with sperm in the IVF laboratory.
A single cell is removed from each of the resultant pre-
embryos. The DNA in the removed cell is then amplified
using polymerase chain reaction techniques and analyzed
to determine genetic sex, or presence of chromosomal
abnormalities or markers for diseases such as cystic
fibrosis or Tay-Sachs. Pre-embryos that demonstrate the
desired genetic makeup are then implanted in the uterus
and allowed to grow.67

The rapidly expanding market for ARTs raises a num-
ber of concerns. The complexity of these procedures
makes it difficult for patients to evaluate whether a spe-
cific ART treatment that is offered to them is really nec-
essary or is appropriate, especially early in their treat-
ment. Furthermore, the ethics of using these
technologies is complex. It is certainly understandable
that couples who have experienced the birth and death of
child with a serious genetic disease are anxious to pre-
vent a reoccurrence. However, many in the disability
community are equally concerned that the ability to
select a "designer" child will devalue their own lives and
struggles and prevent the birth of individuals who are not
"perfect" but nevertheless have much to contribute to
society. Similar concerns have been raised about the
practice of sex selection, which could result in changes
in the male-to-female ratio and has implications for soci-
etal valuation of one gender over the other.

COST OF TREATMENT: WHO SHOULD PAY?

Once they understand the procedures being recom-
mended, Bob and Roberta must face a practical obsta-
cle in their decision whether to proceed: can they
afford it? The cost of ARTs is quite high, ranging from
$7000 to $11,000 per treatment cycle. In 1988, the
federal Office of Technology Assessment determined
that the cost of one IVF procedure to a couple with
health insurance would equal 23% of the annual house-

hold income of a couple in the middle-income bracket
(median annual income: $27,500) and 67% of the
annual income of a low-income couple (median annual
income: $ 10,000)."

Health services researchers can now provide esti-
mates of the actual cost of insurance coverage for infer-
tility services, and those estimates can promote rational
political discussion.68 Insurance coverage is necessary if
infertility treatment is to be available to the majority of
those who seek it, yet there is substantial controversy
about whether infertility is a condition that should be
covered by insurance. At present, 12 states have laws
dealing with infertility insurance69 (Figure 4). They vary
widely in the nature and scope of the required coverage.
The definition of infertility varies across states, ranging
from one year of unexplained failure to conceive in
Massachusetts to five years of infertility and the pres-
ence of one or more specifically diagnosed conditions in
Hawaii. Several states require that certain insurers offer
coverage for infertility diagnosis and treatment. However,
these insurers are not required to provide the coverage,
nor does the legislation force employers to include it in
their employee insurance plans. One such state, Texas,
offers coverage only for IVF, while another state, Califor-
nia, specifically excludes IVF. At the other end of the
spectrum, Massachusetts requires all health mainte-
nance organizations and insurance companies that cover
pregnancy-related benefits to provide coverage for infer-
tility diagnosis and treatment. In Massachusetts in
1986-1993, the cost of providing comprehensive ser-
vices was 0.4% of the mean total monthly family health
insurance premium, or $1.71 per contact month.T0 It
should be noted, however, that this relatively modest pre-
mium increase paid by all subscribers includes only the
cost of the ART procedures. Due to its wide-ranging
insurance coverage, Massachusetts has seen an in
increased use of ARTs and a resulting increase in multi-
ple births.7' The formula used to calculate the estimated
premium increase does not include the significant mater-
nal and perinatal medical costs incurred as a result of
those multiple births.

Health services researchers are creating a body of
population-based research data that can be used to
establish policies on access to medical procedures, qual-
ity of care, and regulation of service delivery.> Several
studies have produced calculations of the cost of certain
fertility therapies.73'74 Efforts are now underway to
establish more sophisticated formulas that include on
one side of the cost-benefit equation the costs not only
of services but of providing care to the premature
infants born as a result of infertility therapies. On the
other side of the equation, cost-effectiveness needs to
include the equally important calculation of the costs of
not providing infertility treatment, including the cost of
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Figure 4. US states with legislation on health insurance coverage for infertility-related medical services
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"lncludes a lifetime maximum benefit of not less than $15,000.
bExcludes IVF, but covers gamete intraallopian transfer (GIFT).
cProvides a one-time only benefit covering all outpatient expenses arising from IVF.
dUmits first-time attempts to four oocyte retrievals. If a child is born, two complete oocyte retrievals for a second birth are covered.
"Businesses with 25 or fewer employees are exempt from having to provide the coverage specified by the law. Businesses with 50 or fewer
employees do not have to provide coverage.

fApplies to HMOs only; other insurers are exempt from having to provide the coverage.

sProvides coverage for the "diagnosis and treatment of correctable medical conditions." Does not cover IVF as a corrective treatment.

hApplies to HMOs only.

En

.

.

IVF coverage
only

.

treatment of depression, decreased work productivity,
and the costs of adoption and other alternatives.75 Risk-
benefit and cost-benefit ratios for specific treatment

alternatives are also being compared, in order to

enhance rational decision-making.76
In discussing the nature of public health, Sir Geof-

frey Vickers wrote, "Every new technique, by opening a

possibility, awakens a need-at least in our Western cul-
ture, where in matters of health we have a highly devel-
oped sense that whatever is possible for any should be
available to all."77 Vickers continued, "The development
of the automobile did more than provide us with a new

means to satisfy our needs. It set new needs, new expec-

tations, new norms of mobility, even new limits of unac-

ceptable immobility." These words were written in 1958,
yet they are clearly relevant today to ARTs. The introduc-
tion and increasingly widespread use of ARTs is setting
new expectations for infertile couples, many of whom
will no longer accept their fate without trying every pos-

sible remedy.
In our ethical dialogue in the past decade, we have

seen an expansion of concerns from the sustainability of
life to the quality of life. One question at issue is whether
public funds should be made available to improve the

quality of life of infertile people by providing them with
the possibility of creating a biologic family. We live in a

world characterized by major social inequities. Children
languish in our foster care system; large numbers of fami-
lies are homeless; 44 million Americans lack health insur-
ance coverage.78 There are those who would argue that in
a world of many competing needs, not all needs can

become rights, and we are obligated to living persons

before we spend money on potential persons. From this
point of view, infertility belongs low on the list of priori-
ties. Couples facing infertility may have a very different
perspective. In a world in which we spend public monies
for quality of life items such as bicycle paths and recre-

ation facilities and allow tax credits for vacation homes,
they do not understand why they are required to pay into
the insurance pool that provides pregnancy coverage for
others while receiving little or no support for their own

family-building needs. Similarly, those who choose to pur-

sue adoption as a means of building their families are

often stymied in their efforts by the high costs, most or all
of which comes out of their own pocketbooks. These are

tough issues. We need public debate among health ser-

vices researchers, consumers, ethicists, and health care

practitioners to achieve a consensus about whether infer-
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tile couples have a right to have a family, and whether soci-
ety has a duty to help them.

ETHICAL ISSUES

Given the failure of IVF using Roberta's own eggs,
Roberta and Bob decide to proceed with egg dona-
tion. A donor is identified through a location service.
Half of the $1 0,000 fee goes to the donorfor her time
and trouble, and the other half is paid to the agency.
The recipients are told only that their egg donor is a
local college student who resembles Roberta in skin,
hair, and eye coloring and in body build. A surgical
procedure to recover oocytes from the donor is suc-
cessful, and several mature oocytes are incubated
with Bob's sperm in the IVF laboratory. Because fer-
tilization does not occur on the first day of incuba-
tion, intracytoplasmic sperm injection (ICSI, or
mechanical insertion of a single sperm into each egg)
is performed. Four ova subsequently fertilize and are
placed in Roberta's uterus. She has a positive preg-
nancy test 11 days later, and ultrasound at three
weeks post-missed menses shows four gestational sacs,
each with a fetal heartbeat.

Gamete donation. Gamete donation, whether of sperm
or egg, is a process that challenges the concept of family
and the definition of parenthood. The complexities of the
resulting relationships can be staggering given the range of

third-party techniques available: donor sperm, donor egg,
donor embryo, genetic/gestational surrogacy (surrogate
uses her own eggs), gestational surrogacy (surrogate uses
eggs of intended mother), gestational surrogacy with donor
eggs or embryos (surrogate uses eggs or embryos that have
no direct genetic relationship to intended parents or to the
surrogate). There are very few statutes addressing parental
rights and responsibilities in third-party reproduction, and
case law has been inconsistent.46

In addition to questions related to the parentage of
children born of egg donation, many other ethical and pol-
icy issues are created by these means of building a fam-
ily.79 Should egg donors be paid for their time, trouble, and
risk? If so, how much? If the price is low, are we asking
women to assume health risks, major inconveniences, and
potential long-term emotional consequences without com-
pensation? If the price is high, do we turn women into
commodities, with their body parts to be bought and sold
on the open market? Are we entering the realm of eugen-
ics, in which donors are selected because of their physical
attractiveness or intelligence? Society as a whole-not just
ART clinics, infertile couples, and gamete donors-has a
vital interest in the debate about these questions.

Perhaps most notably lacking from the ART policy
arena is discussion of and research on the long-term con-
sequences of ARTs-particularly those involving gamete
donation-for the resulting children. More than 20 years
have passed since Louise Brown was born as the result of
the first successful IVF procedure. Sperm donation was
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Figure 5. Live birth and multiple birth rates for fresh, no
among women younger than age 35 years, by number of
United States, 1996
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introduced a century earlier, while egg donation, first used
successfully in 1984, is a more recent alternative method
of family building. The introduction of third parties into
the reproductive process carries the potential for both
physical and psychological sequelae. The long-term conse-
quences for the adults involved, for the child, or for soci-
ety have not been adequately studied. Many of the babies
that have been born of these technologies are now grown
up. We have a lot to learn from them.

New or experimental therapies. Roberta and Bob have
no reservations about the use of ICSI. Their doctor, after
all, was trained to make these decisions and they trust that
she will advise them well. The reality, however, is that
ICSI is a human experiment in progress, one that may well
be of sufficient benefit to outweigh any potential risks;
however, data are still not available to make that evalua-
tion with certainty or to counsel patients adequately.5 In
the absence of federal funding for embryo research, most
of the research in this field is conducted in private clinical
settings. Thus, progress in the area of reproductive
endocrinology has been driven largely by competition
among infertility centers to achieve higher success rates.
Although these efforts have led to rapid technological

advances, research activi-
ndonorART cycles ties have not been subject
r embryos transferred, to the kind of scientific

rigor or oversight common
to federally funded investi-
gations.

Excess embryos. All four
of the fertilized eggs were
transferred to Roberta's
uterus. What if 10 eggs had
fertilized, with only three or
four to be transferred?
What would have happened
to the remaining pre-
embryos? This is a decision
made every day by ART
patients in clinics all over
the world. There are several
options, each fraught

6 7 or more with ethical and policy
-ed dilemmas.

Cryopreservation, or
the freezing and storage of
embryos, is widely per-
formed; hundreds of thou-
sands of embryos are cur-
rently in storage across the
US, without standardized
policies regarding how

long they will be kept until being discarded and without
clear-cut knowledge of any potential risks to resulting
children. The discarding of "excess" embryos, particu-
larly those in which genetic testing reveals a defect, is
problematic for those who see embryos as human life
and for those who are concerned about the practice of
eugenics. In Louisiana, it is illegal to discard an IVF-fer-
tilized human embryo. Donation to other women,
though altruistic, carries with it a number of potential
emotional and legal risks. Another option is to donate
the "excess" embryos to research. Embryo research is
the subject of much ethical debate and resulting legal
action. Since 1974, the use of federal funds for embryo
research has been banned. Five states have relevant leg-
islation: the practice is banned in Louisiana, New Mex-
ico, Pennsylvania, and Illinois (though the ban has not
been upheld in Illinois). Embryo research is allowed,
with restrictions, in New Hampshire.46

No matter how an individual or couple decides to
treat "excess" embryos, it is clear that this is a subject
that must be addressed clearly and forthrightly as part
of the informed consent process. There must be an
agreement between a couple regarding what to do in
the case of divorce, separation, or death of one or both
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Figure 6. Legislation and guidelines on use of
assisted reproductive technologies among
principal nations in which in vitro fertilization
is practiced
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parties, and that agreement must be in writing. At pre-
sent, there are no mandates in the US for this level of
informed consent.

Selective reduction. Somewhat naively, Roberta and
Bob have not given much thought to the results of this
cycle of infertility treatment, that is, to the fate of the
four transferred embryos. To people who thought that
they might never achieve a pregnancy, the thought of
four fetuses instead of one at first seems to hardly be a
problem, despite counseling about the risks to the
fetuses from multiple pregnancies. However, the reality
of their situation sinks in when their physician brings up
the topic of "selective reduction," the process by which
one or more fetuses are "terminated" with the goal of
allowing the pregnancy to continue with a more sustain-
able number. While there is evidence that the procedure
is effective in its goal of producing a successful preg-
nancy with a reduced number of fetuses,8081 it engen-
ders a multitude of ethical questions.82 And the idea of
terminating a fetus may be anathema to the potential
parent or parents who have endured physical, emotional,
and financial hardship to bring it into being.

From a public health perspective, prevention is cer-
tainly preferable to treatment of multiple births, either in
uitero or after birth. In the United States, infertility special-
ists have developed guidelines that call for facilities to
transfer no more than the number of embryos that will
result in a national triplet rate of 2% or low,er,83 but no reg-
ulatory process has been established and there are no pro-
visions for incentives or deterrents. Other nations have
adopted regulatory policies to prevent prematurity due to
multiple births. In England, for example, no more than
three embryos may be transferred and no extenuating cir-
cumstances are permitted.84 This policy seems to be a rea-
sonable approach to reducing the number of multiple
births, and it may also result in success rates no lower than
those experienced after transfer of four or more embryos.
In 1996, the live birth rate among US ART patients
increased considerably as the number of embryos trans-
ferred increased from one embryo (9% of cycles) to two
(20%) to three (36%), but did not increase with the trans-
fer of additional embryos.9' However, the multiple birth
rate was slightly higher with a higher number of trans-
ferred embryos (Figure 5 ),51

LEGISLATION AND REGULATION

Despite the plethora of controversial issues raised by
ARTs, their use has largely been unregulated in the US.
A first step in protecting the public was legislation spon-
sored by Oregon's Senator Ron Wyden in 1992 the Fer-
tility Clinic Success Rate and Certification Act of
1992.89 This legislation was intended to provide the pub-
lic with information concerning the effectiveness of
infertility services and to assure the quality of such ser-
vices by providing for the certification of embryo labora-
tories. The statute requires each ART program to report
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yearly to the CDC its pregnancy success rates. This has
resulted in the annual publication since 1995 of clinic
results and national summary data reported by the CDC,
with the American Society for Reproductive Medicine,
the Society for Assisted Reproductive Technology
(SART), and Resolve.

Embryo laboratories are currently subject to several
limited levels of oversight. Regulations of the federal
Clinical Laboratory Improvement Amendments of 1988
(CLIA)86 apply to a limited number of procedures carried
out in embryo labs. In addition, laboratories must be rec-
ognized by an accrediting organization such as the Col-
lege of American Pathology in order to maintain member-
ship in SART. As mandated in the 1992 legislation, the
CDC has developed a model program for the certifica-
tion of embryo laboratories to be carried out voluntarily
by interested states. The resulting model developed and
published by the CDC in July 1999 provides detailed
standards for assuring consistent performance of labora-
tory procedures, quality assurance and quality control,
maintenance of all laboratory records, and personnel
qualifications.87

Despite these important accomplishments, many
concerns remain. With few exceptions, no state or fed-
eral regulations address the complex issues of informed
consent; payment to gamete donors or surrogates; limits
on the number of embryos transferred; possible eligibility
restrictions on patients based on factors such as marital
status, age, and sexual orientation; and other ethical
issues such as use of donor eggs from human fetuses, use
of sperm retrieved from cadavers, and animal-human
hybrids.

The American Society for Reproductive Medicine has
issued guidelines for the practice of ARTs covering a
wide range of issues, including informed consent, donor
screening, cryopreservation, protection of a future child,
and techniques such as sex selection that have generated
considerable controversy.69 These guidelines, however,
do not have the force of regulation, and membership in
the organization or its specialty bodies is not contingent
on compliance.

Many other nations have sought to develop some
form of control. A recent study reviewed the regulatory
practices of 38 countries.84 Of them, 20 have legislation
governing ARTs, 11 (including the US) have guidelines
in place, and seven have no regulation (see Figure 6).
Regulatory bodies vary considerably, with jurisdiction
delegated to specific ART licensing authorities, to reli-
gious bodies, or to agencies that regulate clinical labora-
tories. The scope of regulatory activities also varies
widely. For example, 12 countries have regulations
requiring that IVF be offered only to married couples.
Nine nations and subjurisdictions have put limits, rang-
ing from two to four, on the number of embryos to be

transferred. Four countries have established time limits
for embryo cryopreservation. Austria, Germany, Ireland,
and Japan permit sperm donation but not oocyte dona-
tion. Some nations with legislation or guidelines address
only the types of procedures that are to be performed or
the individuals on whom they may be performed, while
others provide for specific protective measures such as
informed consent, counseling, and evaluation of the suit-
ability of infertile couples for parenthood.

Unlike other nations where there is considerable
agreement among medical professionals, ethicists, and
the lay public, there is little consensus in the US about
what type of regulation would best suit the needs of this
country. However, there seems to be a growing under-
standing among consumers, advocacy groups, profes-
sional societies, and government agencies that some
form of regulation may be necessary given the complexity
of the medical, ethical, and societal issues involved in
the practice of ARTs.

CO N C L U S IO N

No one who has endured the trauma of infertility or fol-
lowed it closely with others can deny its impact on the
lives of individuals, couples, and families. But clearly
the effects of infertility are even more wide-ranging,
with implications for the targeting of preventive efforts,
the rational and equitable use of health resources, and
ethical, legal, and religious questions that touch on the
very meaning of parenting, family, and life itself. A pub-
lic health perspective is needed in enacting policies that
address these issues and protect the rights of all parties,
including-and especially-the children that are born as
a result of treatment. In addition, consideration must be
given to the public health implications of adoption,
where the realms of infertility and unplanned pregnan-
cies intersect.

The history of the latter half of the 20th century has
been dominated by advances in technology in many
spheres, none more remarkable than in the field of med-
icine. From organ transplants to gene therapy, we are the
beneficiaries of medical miracles that would have been
unthinkable only a generation or two ago. The advancing
technology of reproductive medicine rivals any other
aspect of medicine not only for the technologic wizardry
that it incorporates but because it deals with the very
creation of human beings. With that ability comes the
extra responsibility to provide a careful examination of
the ethical and moral considerations surrounding the
use and potential misuse of each new methodology. Our
society needs a public dialogue on the issues raised by
the rapid adoption and dissemination of new reproduc-
tive technologies. Public health professionals need to be
active in the effort to set the direction for public policy
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and ensure that our knowledge does not accumulate
faster than our wisdom to manage it.
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