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Introduction
Maternal phenylketonuria (PKU) as

a cause of mental retardation and birth
defects is a new phenomenon. In the past,
most young women with PKU (an inborn
error of phenylalanine metabolism) were
mentally retarded and few bore children.
Now, most such women are mentally nor-
mal, having been born since newborn
screening was initiated in the 1960s and
treated from early infancy with a phenyl-
alanine-restricted diet.' In the United
States there may be as many as 4,000
women of childbearing age with PKU,2
the majority ofwhom are at risk for preg-
nancies that can result in abnormal chil-
dren. For those with the most severe and
most common form ofPKU, the frequen-
cies of complications in offspring from un-
treated pregnancies are 92 percent for
mental retardation, 73 percent for micro-
cephaly, 12 percent for congenital heart
disease, and 40 percent for low birth
weight.3 In fact, it is feared that in the next
generation, the consequences of maternal
PKU could replace the number of individ-
uals with PKU in whom mental retarda-
tion has been prevented by newborn
screening.4,5

Dietary treatment will protect the fe-
tus but only under the proper circum-
stances. Treatment begun prior to concep-
tion and continuing throughout pregnancy
appears to offer maximum protection,
whereas treatment even in the first trimes-
ter may not prevent some of the adverse
effects of maternal PKU.6,7 Since many
youngwomen with PKU discontinued the
special diet during childhood,8 the strat-
egy for preventing birth defects from ma-
ternal PKU must include careful family
planning so that diet can be initiated be-
fore conception.

Tracking adolescents and young
adult women with PKU so that they can
be advised of the high risk to their preg-
nancies and the possibilities of treatment
is difficult, but with much effort can be
done.2 In Quebec, there is a registry that
tracks individuals with PKU through
adulthood.9 The results of other tracking
efforts, however, indicate that women
with PKU usually seek treatment after
they are pregnant rather than before.710"1
The reasons for this are unknown.

The overall purpose ofour study is to
identify these reasons. We will describe
how women with PKU face questions of
sexuality and childbearing in order to de-
termine the factors related to preventing
unplanned pregnancies in maternal PKU.

We describe here the findings from
the initial interviews of all subjects who
were not planning a pregnancy and were
not pregnant when the study began in
1985.

Methds
Subjects

Young women in New England
known to have hyperphenylalaninemia,
ages 16 to 35 years, were invited to par-
ticipate in a five-year longitudinal study.
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Women with moderate or severe mental
retardation were excluded from the sam-
ple. Recruiting from clinic lists, newborn
screening records, and public health reg-
istries, we contacted allwomen with PKU
who met the inclusion criteria regarding
age and intellectual functioning. We de-
veloped two comparison groups-one
consisting of age-matched female ac-
quaintances recruited among those whose
names were supplied by the subjects and
the other consisting ofyoung women with
diabetes, who share childbearing risks and
the need for medical intervention prior to
and during pregnancy with PKU wom-
en.12,'3 Each diabetic woman, who had
been diagnosed for at least one year and
had no major medical complications, was
individually matched to aPKU subject for
age, and whenever possible, for level of
education and marital status.

Two hundred and sixty-two women
satisfied the criteria for inclusion in the
longitudinal study, and 205 agreed to par-
ticipate. These included 94 percent of the
eligible women with PKU, 74 percent of
the acquaintances, and 62 percent of eli-
gible diabetics. Among the 205 who par-
ticipated, 186 were sexually inactive or
sexually active but not desiring pregnancy
andwere enrolled in the phase ofthe study
concerned with preventing pregnancy.
These 186 consisted of 60 with PKU, 65
acquaintances, and 61 with diabetes.

Among the 60 subjects with PKU, 53
have the more severe biochemical defects
(classic or atypical PKU) that will require
resumption of treatment prior to pregnan-
cy.3 Seven of the subjects have mild hy-
perphenylalaninemia, a less severe bio-
chemical defect often left untreated during
childhood. Because it is unclear whether
mild hyperphenylalaninemia requires di-

etary treatment during pregnancy,14,15
these women were included in the PKU
group.

Most subjects with PKU had re-
ceived a written brochure about maternal
PKU and had been invited to maternal
PKU education groups. Thirty-eight
women had attended at least one group.
However, the majority had not attended a
PKU clinic within the year prior to the
study. As a rule, the women had been ad-
vised to plan their pregnancies, begin diet,
and reduce blood phenylalanine levels be-
fore discontinuing contraception. A few
had been advised not to have children and
to plan on adoption or to wait until more
was known about maternal PKU.

Fifty-eight of the 61 women with di-
abetes (95 percent) are insulin dependent
(Type I), while the other three have been
treated only with diet (Type II).

Variables and Procedures
Variables for this study were derived

from a psychosocial model we developed
to describe the challenges faced by
women with PKU duringvarious stages in
the maternal PKU life-cycle16 (see figure
1). These variables were selected from a
variety of theoretical approaches and cov-
ered background issues, personality,
knowledge, attitudes and beliefs, and so-
cial support. We chose our initial battery
after first developing a list of hypotheses
regarding prevention of unplanned preg-
nancy in maternal PKU. This initial bat-
tery was piloted extensively among teen-
agers and women with no known medical
conditions, women with diabetes, and
older women with PKU.

The dependent (outcome) variables
for thosewomenwho reported having had
sexual intercourse (the sexually active

group) were frequency of birth-control
use, extent of social activities, and a gen-
eral quality-of-life score. Frequency of
birth-control use refers to the regularity
with which a woman reported using any
contraceptive method. She indicated this
by selecting the frequency ofuse, on a one
to seven scale, ranging from "never" to
"all the time." The type of birth control
method was related to frequency, with
oral contraceptives generally being used
"all the time" and all othermethods being
used less often. Hence, for data analysis
purposes, the "frequency" rather than
"type" of birth control was selected.

The second outcome variable, extent
of social activities, measures the types of
activities the woman listed that involve
social interactions, such as membership in
clubs, participation in religious groups,
sports, dating, and parties. This variable
was selected to determine ifwomen with
PKU avoided certain social situations,
perhaps due to anxiety about maternal
PKU.

The third outcome variable, the Gen-
eral Health Rating Index (GHRI),17 mea-
sures the degree to which people worry
about their health, experience pain, or al-
ter their life-style for health reasons.
These topics were also explored in open-
ended questions. The responses to the
open-ended questions were categorized
according towhether the answerwas neu-
tral, positive, negative, or a combination
of these. All ratings were double-scored,
and reliabilitywas greater than 95 percent.

Forwomen who reported never hav-
ing had sexual intercourse (the sexually
inactive group), the social activities scores
and the GHRI were the outcome mea-
sures.

The independent variables included
demographic factors, level of intelligence,
knowledge about family planning, knowl-
edge about maternal PKU, personality
characteristics, social support for family
planning, and attitudes and beliefs about
contraception, sex, and childbearing.

The interview consisted of introduc-
tory questions that provided demographic
information. Socioeconomic status was
determined using the Hollingshead-
Redlich Two Factor Index of Social Posi-
tion, based on education and job title.18
Intelligence was measured by the Wech-
sler Adult Intelligence Scale-Revised
(WAIS-R)19 or the four-subtest short form
of the WAIS-R,20 when a full-scale score
was not available from clinic records.

A test of fertility and contraception
knowledge, adapted from Kempton and
Forman2l and a test of knowledge about
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maternal PKU22 (and a comparable test
forwomenwith diabetes)were devised for
this study. These tests gave one point for
a correct response, with 13 possible points
for the contraception knowledge test and
ten points for the knowledge of maternal
PKU and diabetes tests.

Personality was measured by the
Adult Nowicki-Strickland Internal-Exter-
nal Locus of Control Scale23 and the Ro-
senberg Self-Esteem Scale.24

Social support for birth control was
determined, as suggested by Fishbein25
and Vinokur-Kaplan,26 by asking subjects
to name the three people towhom they felt
closest and then to rate on a seven-point
scale the degree to which each of these
people would support their using birth
control. The mean ratings constituted the
score for social support for birth control.

Attitudes and beliefs were defined by
a series of statements to which subjects
indicated the extent of their agreement on
seven-point scales. These statements,
adapted from published studies, were
about sexual activity, use of birth control,
attitudes regarding contraception, and

past pregnancies.27'28 A composite "atti-
tude towards birth control" score was de-
veloped from responses to three questions
regarding the benefits, advisability, and
comfort in using and procuring contracep-
tion.

Each woman in the study was inter-
viewed either in her home or at the hos-
pital. All written questionnaires required
no more than a sixth-grade reading level.
To increase the comfort of the subjects
(and to ensure confidentiality), response
cards for personal questions concerning
sexual activity, birth control, and preg-
nancywere provided. Each session lasted
about two hours.

Data collection also included review
of medical records for information on di-
agnosis and treatment ofPKU or diabetes.

Data were analyzed utilizing the Sta-
tistical Package for the Social Sciences
(SPSS).Y To determine differences be-
tween the study groups, chi-square or
one-way analyses of variance (with
Scheffe tests for pairwise comparisons)
were used. Pearson correlations were

used to identify variables related to suc-
cessful achievement of outcome goals.

Consent procedures standardized by
the Children's Hospital (Boston) Commit-
tee on Clinical Investigations were fol-
lowed.

Results
Charactenstics ofthe Sample

Demographic and other background
characteristics of the three groups are
listed in Table 1. The groups are similar in
age, with a mean of approximately 21
years at the time of the study. The fre-
quencies of those who had been pregnant
or had a child were less among thewomen
with PKU. Women with PKU were more
likely to live with their parents, were less
likely to have a driver's license, had fewer
years of education, and had a lower mean
IQ. Six women with PKU and one ac-
quaintance (but none with diabetes) per-
formed in the range of mild mental retar-
dation, with scores between 60 and 67.

Prevention of Unplanned
Pregnancies

As noted in Table 2, 43 percent of the
women in the PKU group reported that
they were currently or had been sexually
active, a smaller proportion than those in
the other groups. Among PKU women
who had had sexual relations, 19 percent
never used birth control, and 65 percent
reported always using birth control when
they had sexual relations. These findings,
along with the type of contraception se-
lected, were similar to those of the com-
parison groups. As noted in Table 3, mar-
riedwomenwithPKUwere more likely to
always use birth control, while unmarried
women were less consistent in this re-
spect.

Women with PKU who reported
never having had sexual intercourse and
those who were sexually active were sim-
ilar in age, with mean ages of20.6 and 20.9
years respectively. Less than 13 percent
of both groups indicated disapproval of
premarital sex and birth control.

The seven women with mild hyper-
phenylalaninemia did not differfrom other
women with PKU in terms of the demo-
graphic or psychological variables stud-
ied, except that they had a more internal
locus of control (F = 9.3, SE = .39). All
but two lived with their parents. Their
ages ranged from 16 to 22, and their IQ
ranged from 78 to 117. Five had had sexual
intercourse, among whom two relied on
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social factors in young women with PKU
that we believe will be important in their
meeting the challenges of family planning
in maternal PKU.

We found that many young women
with PKU tend to live with their parents
and to be without a driver's license. None-
theless, they are engaged in social activi-
ties and competitive employment. They
plan to marry and bear children. It is un-
clear why fewer women with PKU re-
ported having had sexual intercourse
compared with their acquaintances and
the diabetic women, who were similar in
age and marital status. We believe, how-
ever, that over the next few years, more
will become sexually active. Unfortu-
nately, thosewho are sexually active seem
to be at high risk for unplanned pregnan-
cies, since 35 percent of them report only
intermittent use of birth control.

It appears that social support for birth
control and positive attitudes about con-
traception each have a very significant in-
fluence on the reported contraceptive be-
havior ofyoungwomen with PKU. These
findings are consistent with Fishbein's
theory of reasoned action, which states
that attitudes, social norms, and the will-
ingness to comply with these norms are
predictors of behavior.3-32

With the exception of social support,
those factors that correlate with birth con-
trol use in women with PKU are specific
to them and unlike correlating factors in
the two comparison groups studied. For
instance, their extemal locus of control
does not predict contraceptive frequency;
yet in the diabetic subjects and in pub-
lished studies, an external locus ofcontrol
is associated with infrequent contracep-
tive use.33 3 On the other hand, knowl-
edge offamilyplanning is significantly cor-
related with reported frequency of birth
control use onlyin the PKUwomen. Their
knowledge of family planning, in general,
is lower than that of the other subjects
studied and, in many instances, may be
sufficiently low to impair their ability to
choose and use contraceptive measures.
Education programs such as those de-
scribed by Cohen and his colleagues in
Israel35 maybe beneficial to thesewomen.
In developing our test of knowledge of
matemal PKU, we found that knowledge
scores were higher among the 38 women
who had attended aPKU education group
than among the 22who had not done so.22
FinaLly, although the women with PKU
have attitudes about birth control that are
comparable to those of their acquaintan-
ces and the diabetic women, their contra-
ceptive behavior appears to be more

highly influenced by their attitudes. Fur-
ther analyses show that although IQ is sig-
nificantly related to knowledge of family
planning and knowledge of maternal
PKU, it is not significantly related to the
frequency of contraceptive use.

In addition to these findings, we
gained a keener sense ofhowwomen with
PKU approach the question of childbear-
ing. The vast majority consider having
children a natural sequel to finding a hus-
band, and few acknowledge that an un-
planned pregnancy might occur. In these
attitudes, they are similar to adolescents
confronting a variety of medical and
health issues.m

We also learned more about theways
in which women with PKU related to
health care providers. As a group, they
were extraordinarily cooperative, perhaps
reflecting a sense of trust developed over
years of association with the PKU pro-
grams. Ninety-four percent of those con-
tacted participated in the study. Despite
this cooperation, only a few of thewomen
made follow-up clinic appointments. This
may be due to apprehension about the
blood test and physical examination, to a
belief that they already know enough
about maternal PKU, or to a presumption
that an unplanned pregnancy was not
likely to occur.

Women with PKU were self-accept-
ing, as indicated by their responses to the
self-esteem questionnaire. Many ex-
pressed the thought that they "used to
have" PKU when they were children on
the special diet. For them, prevention of
unplanned pregnancies may have been no
different than it was for other teenagers
and young adults striving for a sense of
identity and independence. The risks to
the fetus could easily be forgotten or ig-
nored during this time of self-exploration.
This may explain why birth control prac-
tices among those with PKU were no bet-
ter than those of the acquaintances who
did not face known childbearing risks. On
the other hand, fewer women with PKU
were sexually active, perhaps due to fears
of unplanned pregnancies, to concerns re-
garding risks to the fetus, or to limited
social opportunities. These speculations
regarding the psychological impact of
PKU will be explored further as the study
continues. Social support will also receive
more intensive examination in the con-
tinuing study. We plan to define social
support more precisely in terms of the na-
ture of support networks, the importance
of peers versus famnily, the role of per-
ceived as opposed to actual support pro-
vided, and the extent to which the concept

reflects general support as compared with
specific encouragement for birth control
use.

As in any study dependent on self-
report, the reliability and validity of the
subjects' responses should be checked.
We asked several duplicate questions,
worded slightly differently, so that incon-
sistent answers about sexual activity and
birth control use could be verified. Our
sense was that the women were generally
honest. Since this is a longitudinal study,
each subject will be interviewed at least
five times, and further checks can be made
on the consistency and reliability of the
results.

In the near future as more girls with
PKU enter childbearing ages, the need for
specific programs for maternal PKU, al-
ready serious, will dramatically increase.
A critical first step is to develop a registry
in the United States similar to that in Can-
ada to track women with PKU so that
information and services can be provided.
Our society and its health care system
must confront the issue ofmaternal PKU.
To ignore the issue is to punish those who
because of their inherited condition are at
risk for bearing defective children. El
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