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Abstract
Untreated phenylketonuria (PKU) in pregnancy causes a severe embryopathy called maternal PKU syndrome. Here, we aimed to
assess management issues and pregnancy outcomes in the first published series of PKU pregnancies from the developing world.
Data were collected retrospectively in a single center from 71 pregnancies and 45 live births of 32 women with PKU, 11 of whom
were diagnosed in adulthood after having an affected child. Microcephaly, intellectual disability, and dysmorphic facies were
more prevalent in offspring of untreated than treated pregnancies with classical PKU (100% vs. 0%, 91% vs. 0%, and 73% vs.
23% with p < 0.001, p < 0.001, and p = 0.037, respectively). In treated pregnancies, phenylalanine levels were higher during
weeks 6–14 than other periods of gestation (4.38 vs. 3.93, 2.00 and 2.28mg/dl; p < 0.05). Poor compliance correlated with higher
phenylalanine levels (ρ = − 0.64, p = 0.019) and fluctuations (ρ = − 0.66, p = 0.014).

Conclusion: More frequent phenylalanine measurements during late first trimester are crucial to improve outcomes in treated
pregnancies. In order to prevent untreated pregnancies via detecting undiagnosed adults, countries where significantly many
women of childbearing age were not screened as newborns may consider pre-pregnancy PKU screening. Microcephaly in the
newborn should prompt screening for PKU in the mother.

What Is Known
•Untreated phenylketonuria during pregnancy causes maternal phenylketonuria syndrome in the newborn.
•Effective treatment throughout pregnancy can prevent adverse fetal outcomes.

What Is New:
•Metabolic control is related to frequency of follow-up and worsens during late first trimester. Closer follow-up during this period may improve

metabolic control.
•In order to prevent untreated pregnancies, pre-pregnancy phenylketonuria screening may be considered if many women of childbearing age were not

screened as newborns.
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Introduction

Phenylalanine hydroxylase (PAH) deficiency (OMIM
#261600), commonly known as phenylketonuria (PKU), is
an inborn error of metabolism characterized by elevated phe-
nylalanine (Phe) levels. With an incidence of one in 10,000
live births in Europe and one in 15,000 in the USA, it is the
most common treatable genetic cause of intellectual disability
[3]. Treatment aims to lower blood Phe levels using Phe-
restricted diet or sapropterin dihydrochloride. Early diagnosis
and treatment via newborn screening (NBS) enable affected
patients to reach adulthood in good health [19].

It was observed in 1937 that children of women with PAH
deficiency had intellectual disability, although the children did
not have PAH deficiency themselves. It later became clear that
PAH deficiency and high Phe levels in the mother causes
Bmaternal PKU,^ characterized by intrauterine growth restric-
tion (IUGR), microcephaly, developmental delay, intellectual
disability and dysmorphic facies with or without congenital
heart disease (CHD), and other anomalies [10]. The Maternal
Phenylketonuria International Collaborative Study provided
evidence that normal fetal outcome is possible if maternal
blood Phe levels of 2–6 mg/dl can be achieved by 8–
10weeks of gestation and maintained throughout the pregnan-
cy [8]. Current guidelines recommend maintaining Phe levels
between 2 and 6 mg/dl, starting from the preconceptional pe-
riod [18, 19].

In Turkey, where incidence of persistent hyperphenylala-
ninemia is very high (one in 4000 live births), NBS was ini-
tiated in 1983 [15]. As women diagnosed in the early years of
NBS become adults, maternal PKU emerges as a preventable
cause of intellectual disability. Here, we present outcomes of
treated and untreated pregnancies of patients with PAH defi-
ciency from a major metabolic center in Turkey. With empha-
sis on classical PKU—the most severe form of PAH
deficiency—we aimed to compare the pregnancy outcomes
between treated and untreated pregnancies and assess the ad-
herence to follow-up during pregnancy and its association
with blood Phe levels.

Materials and methods

Women who were diagnosed with PAH deficiency at
Hacettepe University Hospitals and had completed at least
one pregnancy by December 31, 2017 were enrolled. Data
were obtained retrospectively from hospital records. PAH de-
ficiency was classified in decreasing order of severity and
untreated blood Phe levels as classical PKU (untreated blood
Phe > 20 mg/dl), mild-moderate PKU (Phe 10–20 mg/dl),
hyperphenylalaninemia (HPA, Phe 6–10 mg/dl), and mild
HPA (Phe 2–6 mg/dl) [4]. This approach was chosen to high-
light the data from patients with Phe between 6 and 10 mg/dl,

where pregnancy data are scarce. Patients who had presented
to the metabolic clinic before or during pregnancy and been
treated thereafter were defined as having Btreated
pregnancies.^ Their Phe measurements were recorded. To in-
clude Phe levels measured within one menstrual cycle before
the last menstrual period (LMP), the period from 4 weeks be-
fore LMP (− 4 weeks) until the end of gestation was defined as
the Bpregnancy period.^ The first trimester (− 4 to 136/7 weeks)
was divided into two parts at week 6, which usually marks the
onset of morning sickness, nausea, and vomiting [14].

Medical records of children of enrolled patients were ana-
lyzed retrospectively. Children with full-scale intelligence
quotient (IQ) scores below 70, signs of developmental delay,
or abnormal developmental screening test results were classi-
fied as having Bintellectual disability or developmental delay^
(ID/DD). IUGR and microcephaly were defined as birth
weight and head circumference below the tenth and third per-
centiles for gestational age, respectively [2, 5]. Children with
facial features of maternal PKU (canthal abnormalities, long
philtrum, wide nasal bridge, anteverted nares, low-set ears,
auricular hypoplasia) were defined as having dysmorphic fa-
cies [16]. Patients with PAH deficiency were denoted as P1,
P2, P3, etc. and their gestations as P1G1, P1G2,…, P2G1, P2G2,
etc.

Statistical analyses comparing outcomes of treated and un-
treated pregnancies were performed for pregnancies from pa-
tients with classical PKU, since the numbers of live births
were too few in the other severity groups. The Shapiro-Wilk
test was used to test for normality. Significance of differences
in pregnancy outcomes were analyzed with Fisher’s exact test
and differences in Phe levels with the Mann-Whitney U test.
Correlation between Phe levels and frequency of Phe mea-
surements was assessed with Spearman’s rank correlation. p-
values below 0.05were accepted to be statistically significant.
Statistical analyses were performed with SPSS v20.0 (IBM,
Armonk, NY, USA). This study was approved by Hacettepe
University Ethics Committee for Non-Interventional Clinical
Studies and informed consent was not required from the study
subjects due to its retrospective nature.

Results

Thirty-two women with PAH deficiency were included
(Table 1), among whom 18 (56%) had classical PKU, six
had mild-moderate PKU, five had HPA (Phe 6–10 mg/dl),
and three had mild HPA (Phe 2–6 mg/dl). Nine out of the
tested 15 (60%) patients with classical PKU had intellectual
disability. Fourteen patients (44%) were diagnosed by NBS,
whereas seven (22%) were diagnosed in childhood after onset
of symptoms and 11 (34%) in adulthood after they had a child
with maternal PKU syndrome. PAH gene sequencing had
been performed in 30 patients, revealing 21 different variants
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in 54 alleles. The most common variant was c.782G>A,
followed by c.1066-11G>A.

A total of 71 pregnancies were recorded, the outcomes of
which are summarized in Table 1. Forty-five pregnancies
(63%) resulted in live births, whose characteristics are

p re sen t ed in b r i e f in Tab le 2 and in de ta i l i n
Online Resource 1. These 45 children had a median follow-
up period of 33 months (6 months–25 years; interquartile
range [IQR]: 6 years). Five pregnancies of women with mild
HPA were followed without treatment. Among the other 66

Table 1 Characteristics of patients with phenylalanine hydroxylase deficiency and their pregnancy outcomes

Patient characteristics Pregnancy outcomes

Patient Age at Dx Mutations in PAH genea IQ Untreated pregnancies Treated
pregnanciesb

All

Allele 1 Allele 2 LB Md.A Sp.A Other LB Sp.A Other LB Prg

Classical PKU (untreated Phe > 20 mg/dl) 11 12 6 13 2 24 44
P1 4 d c.781C>T (p.Arg261Ter) c.1066-11G>A (IVS10-11G>A) 65 1 1 1 1 2 4
P2 10 d c.967_969delACA (p.Thr323del) c.967_969delACA (p.Thr323del) MD 1 1 1 2 3
P3 7 y c.782G>A (p.Arg261Gln) c.1162G>A (p.Val388Met) 67 1 1 1 2
P4 3 d c.1066-11G>A (IVS10-11G>A) c.1162G>A (p.Val388Met) MD 1 2 2 3
P5 3 d c.782G>A (p.Arg261Gln) c.782G>A (p.Arg261Gln) 86 1 2 2 3
P6 35 d c.1066-11G>A (IVS10-11G>A) c.1066-11G>A (IVS10-11G>A) 88 1 1 1
P7 29 d c.143T>C (p.Leu48Ser) c.165delT (p.Phe55Leufs*6) 90 1 1 1 2 3
P8 7 mo c.168+5G>C (IVS2+5G>C) c.727C>T (p.Arg243Ter) 40 1 1 1
P9 29 y c.782G>A (p.Arg261Gln) c.782G>A (p.Arg261Gln) 55 1 1 1
P10 7 d c.1162G>A (p.Val388Met) c.1162G>A (p.Val388Met) 79 1 4 1b 1 6
P11 7 y Not detected Not detected 61 2 2 2
P12 21 mo c.673C>A (p.Pro225Thr) c.673C>A (p.Pro225Thr) 56 1 1 1 2
P13 6 mo MD MD 55 1 3 1 1 5
P14 17 mo c.782G>A (pArg261Gln) c.782G>A (pArg261Gln) MD 1 1 1
P15 17 d c.782G>A (p.Arg261Gln) c.782G>A (p.Arg261Gln) 75 1 1 1 2
P16 11 d c.165delT (p.Phe55Leufs*6) c.1066-11G>A (IVS10-11G>A) 51 2 1 1 3
P17 11 mo c.782G>A (pArg261Gln) c.782G>A (pArg261Gln) 66 1 1 1
P18 26 y c.781C>T (p.Arg261Ter) c.781C>T (p.Arg261Ter) 72 1 1 1

Mild-moderate PKU (untreated Phe 10–20 mg/dl) 6 1c 1 1d 7 10
P19 26 y c.722G>A (p.Arg241His) c.728G>A (p.Arg243Gln) 58 1 1 1
P20 22 y c.1066-11G>A (IVS10-11G>A) Not detected MD 1 1 1
P21 39 y c.533A>G (p.Glu178Gly) c.842C>T (p.Pro281Leu) MD 2 1c 2 3
P22 31 y c.665A>G (p.Asp222Gly) c.1066-11G>A (IVS10-11G>A) MD 1 1 1
P23 30 y c.311C>A (p.Ala104Asp) c.311C>A (p.Ala104Asp) 86 1 1 1 2
P24 3 mo c.143T>C (p.Leu48Ser) c.143T>C (p.Leu48Ser) 88 1 1d 1 2

HPA (untreated Phe 6–10 mg/dl) 9 3 9 12
P25 37 y c.722G>A (p.Arg241His) c.1208C>T (p.Ala403Val) 104 4 4 4
P26 33 y MD MD MD 1 1 1
P27 32 y Not detected Not detected MD 1 1 1
P28 31 y c.721C>T (p.Arg241Cys) c.721C>T (p.Arg241Cys) 79 3 2 3 5
P29 70 d c.143T>C (p.Leu48Ser) c.1169A>G (p.Glu390Gly) 70 1 0 1

Mild HPA (Phe 2–6 mg/dl)e NAe 5e 5 5
P30 11 d c.1208C>T (p.Ala403Val) Not detected 84 2 2 2
P31 15 d c.143T>C (p.Leu48Ser) c.898G>T (p.Ala300Ser) MD 2 2 2
P32 16 d c.441+5G>T (IVS4+5G>T) c.898G>T (p.Ala300Ser) MD 1 1 1

Total 26 12 10 1 19 2 1 45 71

aRefSeq NM_000277.1, NP_001341233.1. All presented variants have been previously reported
bTreatment was initiated during the preconceptional period for all treated pregnancies, except for the pregnancy of P10 which resulted in a live birth
(P10G6), in which treatment was started on week 14 when the patient applied to the clinic and refused medical abortion despite an initial Phe level of
15.4 mg/dl
cEctopic pregnancy
d Partial mole hydatidiform
eTreatment is not indicated in mild HPA (Phe 2–6 mg/dl) group. Therefore, pregnancies were only followed without therapeutic intervention. Pregnancy
outcomes are listed under the BTreated^ column since they had good metabolic control, similar to well-treated pregnancies

d days, Dx diagnosis, HPA hyperphenylalaninemia, IQ intelligence quotient, LB live births,MDmissing data,Md.A medical abortions, mo months, NA
not applicable, PAH phenylalanine hydroxylase, Phe phenylalanine, PKU phenylketonuria, Prg pregnancy, Sp.A spontaneous abortions, y years
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pregnancies where treatment was indicated (Phe > 6 mg/dl),
49 (74%) were untreated because the patient had not applied
to the metabolic clinic. Twenty-nine untreated pregnancies
were from women with classical PKU, 12 of which were
medically terminated due to high likelihood of maternal
PKU syndrome. One infant (P20G1) affected with maternal
PKU died from pneumonia. Among 11 and 6 live births from
untreated classical and mild-moderate PKU pregnancies,
100% and 67% of offspring had microcephaly, and 91% and
50% had ID/DD, respectively. Microcephaly and ID/DD were
also encountered in live births fromHPAwith Phe 6–10 mg/dl
(22% and 11% respectively, in nine children). All three cases
of CHD were detected in untreated classical PKU. Congenital
malformations encountered in this study are summarized in
Table 3.

Seventeen pregnancies were treated. In one pregnancy
(P10G6), treatment was started on week 14, as soon as the
pregnant patient applied to the clinic. Treatment was started
before conception in all other treated pregnancies. The two
pregnancies of P24 (mild-moderate PKU) were treated with
sapropterin dihydrochloride; one was terminated due to partial
mole hydatidiform and the other resulted in a healthy infant.
This patient was reported previously [22] and is not discussed
in further detail. Fifteen classical PKU pregnancies were treat-
ed with a Phe-restricted diet (13 live births and two

spontaneous abortions). Compared with live births from un-
treated classical PKU pregnancies, the prevalence of micro-
cephaly, ID/DD. and dysmorphic facies were significantly
lower in the treated classical PKU group (p < 0.001,
p < 0.001, and p = 0.037, respectively) with no cases of mi-
crocephaly, ID/DD, or CHD. The prevalence of spontaneous
abortions, premature birth, and IUGR were not significantly
different (p = 0.695, p > 0.99, and p = 0.682, respectively).
One infant (P2G3) was born with esophageal atresia with
tracheoesophageal fistula despite treatment during pregnancy
(Table 3). She underwent corrective surgery and is healthy.

Phe measurements throughout the 13 treated classical PKU
pregnancy periods resulting in live births are presented in
detail in Online Resource 2. Although patients were advised
to have weekly Phe measurements, a median of 0.71 measure-
ments per week were performed. The overall median and IQR
of Phe levels were 2.50 and 3.49 mg/dl, respectively.
Throughout the pregnancy period, frequency of Phe measure-
ments had a negative, strong, and significant correlation with
median Phe levels (ρ = − 0.64, p = 0.019) and IQR of Phe
levels (ρ = − 0.67, p = 0.016). In the second part of the first
trimester (6–136/7 weeks), Phe levels were significantly higher
than the other parts of gestation (4.38 vs. 3.98, 2.00 and
2.28 mg/dl compared with first part of first trimester, second
trimester, and third trimester, respectively, with p = 0.009,

Table 2 Abnormal offspring outcomes in women with phenylalanine hydroxylase deficiency

Pregnancy status Prematuritya IUGRa Microcephalya CHDa ID/DDa Dysmorphic facea HPAa Othera Total

Untreated classical PKU 2 (18%) 6 (55%) 11 (100%) 3 (27%) 10 (91%) 8 (73%) 1 (9%)b 4 (36%)c 11

Treated classical PKUd 3 (23%) 5 (38%) – – – 3 (23%) – 1 (8%)e 13

Untreated mild-moderate PKU 1 (17%) 3 (50%) 4 (67%) – 3 (50%) 1 (17%) 5 (83%)f 2 (33%)g 6

Treated mild-moderate PKUh – – – – – – –` – 1h

Untreated HPA (Phe 6–10 mg/dl) – – 2 (22%) – 1 (11%) 2 (22%) 6 (67%)i – 9

Mild HPA (Phe 2–6 mg/dl) 1 (20%) – – – – 1 (20%) – 1 (20%)j 5

All pregnancies 7 (16%) 14 (31%) 17 (38%) 3 (7%) 14 (31%) 15 (33%) 12 (27%) 8 (18%) 45

Boxes indicate number (percentage)
a Percentages are expressed as fraction of total live births in the same row
bClassical PKU
cTwo children with symptomatic epilepsy, one child with unilateral renal agenesis, and one with iris atrophy and mild opacification of ocular lens
dTreatment was initiated during the preconceptional period for all treated pregnancies, except for P10G6, in which treatment was started onweek 14when
the patient applied to the clinic and refused medical abortion despite an initial Phe level of 15.4 mg/dl. All classical PKU pregnancies were treated with
Phe-restricted diet
eEsophageal atresia with tracheoesophageal fistula
fTwo children with classical PKU, one with mild-moderate PKU, one with HPA (Phe 6–10 mg/dl), and one with mild HPA (Phe 2–6 mg/dl), all from
different mothers
gOne child with developmental dysplasia of the hip and one with bilateral pes equinovarus
hTreated with sapropterin dihydrochloride and unrestricted diet
iThree children with HPA (Phe 6–10 mg/dl) and three with mild HPA (Phe 2–6 mg/dl)
j Idiopathic, well-controlled epilepsy (two unprovoked seizures) with normal development and neurological examination

CHD congenital heart disease, HPA hyperphenylalaninemia, ID/DD intellectual disability/developmental delay, IUGR intrauterine growth restriction,
PKU phenylketonuria
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p < 0.001, and p < 0.001). All Phe measurements during these
13 treated pregnancies are plotted in Online Resource 3,
which demonstrates the increased levels and variability of
Phe levels in especially the latter part of the first trimester.
The number of live births from treated pregnancies was insuf-
ficient to investigate a correlation between maternal Phe levels
and cognitive functions of the children.

Discussion

Forty-five live births from 71 pregnancies of 32 women with
PAH deficiency are presented, including 13 children born
from classical PKU pregnancies treated with Phe-restricted
diet. To the best of our knowledge, this is the first large study
from a developing country on the treatment and outcomes of
PAH deficiency during pregnancy.

The high rate of untreated pregnancies (74%) is partly due
to late diagnosis of PAH deficiency only after having an af-
fected child and partly to loss of follow-up after adolescence.
Efforts to prevent untreated pregnancies can center around
three niches: known PAH deficiency patients, women with
affected children, and undiagnosed women in the general pop-
ulation. Early education of females with PAH deficiency be-
fore they are lost to follow-up can urge them to apply to their
metabolic clinic before planning a pregnancy, as adherence to
follow-up in PAH deficiency is known to decrease in adult-
hood [1]. Perinatologists and pediatricians should investigate
PAH deficiency in the mother if a fetus or child has congenital
microcephaly; 11 women (34%) in our study were diagnosed
in this manner. Population-based pre-pregnancy screening for
PAH deficiency to diagnose women of reproductive age can

also help prevent untreated pregnancies, especially in devel-
oping countries where women of reproductive age were not
screened for PAH deficiency as newborns [6]. In addition,
considering that 12/45 (27%) of infants born to PAH-deficient
mothers in this study had varying degrees of PAH deficiency
themselves (see Table 2 and Online Resource 1), screening the
mothers of hyperphenylalaninemic newborns may also help
find undiagnosed adult cases. In fact, based on the Hardy-
Weinberg law, it has been estimated that the risk of undiag-
nosed HPA or mild-moderate PKU in parents of a patient with
PAH deficiency in Turkey is as high as one in 74 [20].

The prevalence of intellectual disability, microcephaly,
CHD, low birth weight, and spontaneous abortions in un-
treated pregnancies with classical PKU are reported to be
92%, 73%, 12%, 40%, and 24%, respectively [9]. In the
present study, the prevalence of ID/DD, IUGR, and spon-
taneous abortion were similar (91%, 55%, and 17%, re-
spectively), but microcephaly (100%) and CHD (27%)
were higher. Other nutritional factors are implicated in
development of microcephaly and CHD in maternal
PKU [13, 21], which may have contributed to increased
prevalence among classical PKU pregnancies. As expect-
ed, no cases of CHD were encountered in milder forms of
PAH deficiency, because occurrence of CHD is low if Phe
levels are below 15 mg/dl and comparable with the gen-
eral population if below 10 mg/dl [8]. Four out of six
(67%) infants born to untreated mothers with mild-
moderate PKU had microcephaly, which is almost as high
as untreated classical PKU pregnancies (73%) [9]. This
may stem from the co-occurrence of varying degrees of
PAH deficiency in the offspring themselves (5/6 infants,
Table 2 and Online Resource 1), which might have

Table 3 Occurrence of congenital malformations in the offspring of women with varying severity of phenylalanine hydroxylase deficiency

Pregnancy category Live births Malformation Affected offspring

Number Percentage

Treated classical PKU 13 Esophageal atresia with tracheoesophageal fistula 1 8

Untreated classical PKU (Phe > 20 mg/dl) 11 Microcephaly 11 100

Congenital heart diseasea 3 27

Unilateral renal agenesis 1 9

Iridial atrophyb 1 9

Lens opacitiesb 1 9

Untreated mild-moderate PKU (Phe 10–20 mg/dl) 6 Microcephaly 4 67

Developmental dysplasia of the hipc 1 17

Bilateral pes equinovarusc 1 17

Untreated HPA (Phe 6–10 mg/dl) 9 Microcephaly 2 22

aTwo cases of large ventricular septal defect alone, and one case of coarctation of aorta, hypoplastic aortic arch with large ventricular septal defect
b Iridial atrophy and lens opacities were observed in the same child
cHip dysplasia and pes equinovarus were observed in different children, both of whom also had classical PKU and microcephaly

HPA hyperphenylalaninemia, Phe phenylalanine, PKU phenylketonuria
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increased fetal Phe levels. Rare anomalies were also en-
countered in the offspring of untreated pregnancies
(Table 3), including the first report of iris atrophy in ma-
ternal PKU.

Five children born to mothers with mild HPA (Phe 2–6 mg/
dl) had no health problems attributed to maternal hyperphe-
nylalaninemia (see Table 2), consistent with the recommenda-
tion that these Phe levels do not require treatment [18, 19].
Although treatment is recommended for Phe levels above
6 mg/dl, the evidence for necessity of treatment for levels of
6–10 mg/dl is scarce [18]. Prevalence of microcephaly and
intellectual disability in the offspring of these patients is
thought to be similar to the general population, suggesting that
these levels may be safe, but correlation between Phe levels of
the mother and head circumferences and intelligence quotients
of the children was also mentioned [11]. Four out of five
patients with HPA (Phe 6–10 mg/dl) in our study were diag-
nosed as adults after having affected children. High preva-
lence of microcephaly (22%) and ID/DD (11%) in their chil-
dren may therefore be due to selection bias. Nonetheless, our
data support the recommendations that Phe levels between 6
and 10 mg/dl are not safe and should be treated during preg-
nancy [18, 19].

When treatment is indicated, guidelines recommend twice-
weekly Phe monitoring [18]. However, due to logistics issues
and limited patient compliance, the policy at our institution is
once-weekly follow-up with more frequent measurements
when necessary. Still, the frequency of measurements was
lower than recommended in almost all pregnancies
(Online Resource 2). This may have had a negative impact
on metabolic control, as demonstrated by the inverse correla-
tion between frequency of Phe measurements and medians
and interquartile ranges of Phe levels, suggesting a more fre-
quent follow-up may reduce Phe levels and their fluctuations.
This study also demonstrates the significant increase of Phe
levels between the sixth and fourteenth weeks of gestation.
This may stem from the nausea, vomiting, weight loss, and
poor appetite that are associated with this period. Further com-
plicated by the poor palatability of the medical foods that these
patients must consume, this period is challenging for pregnant
women with PAH deficiency. Nutritional counseling, closer
follow-up, liberal use of appropriate antiemetics, or even in-
travenous fluids may help maintain metabolic control until
morning sickness subsides. Weekly follow-up of Phe levels
can be acceptable for clinics in developing countries, provided
that adherence is good and closer monitoring is available if
necessary, especially during the first trimester.

Despite the less-than-optimal metabolic control in some
treated pregnancies, offspring outcome was good with no
cases of microcephaly, CHD, or ID/DD. In treated classical
PKU pregnancies, all Phe levels were consistently below
15 mg/dl (except for P10G6, in which treatment started on
week 14 with an initial Phe level of 15.4 mg/dl), effectively

preventing emergence of CHD. However, treatment of classi-
cal PKU pregnancies was insufficient to provide a significant
decrease of IUGR. IUGR in pregnancies treated with Phe-
restricted diet has been attributed to inadequate intake of nat-
ural protein, medical foods, and energy and to persistently too
low Phe levels [12, 17, 19]. It may be speculated that IUGR in
the offspring of our treated patients may be related to nutrient
intake, since too low Phe levels (below 1mg/dl) were rare (26/
150 measurements, 17%) in pregnancies complicated by
IUGR. The only congenital malformation in treated pregnan-
cies was a case of esophageal atresia with tracheoesophageal
fistula in P2G3. It is difficult to ascertain a causal relationship
between maternal PKU and this malformation, which has
been previously reported in treated PKU pregnancies, but
not in those treated before conception with good control [8].
Separation and elongation of the esophagus takes place be-
tween gestational weeks 4–7 [7], and unfortunately patient P2
has not had any Phe measurements in this period
(Online Resource 3).

This study presents the most comprehensive series of preg-
nancies complicated by PAH deficiency from the developing
world. Treatment in pregnancy has been successful in
preventing major complications in the offspring, including
intellectual disability, developmental delay, microcephaly,
and congenital heart disease despite difficulties in follow-up.
Although guidelines recommend at least twice-weekly Phe
monitoring, our data suggest that weekly Phe measurements
can be acceptable, but closer follow-up may be required in late
first trimester, including hospital admission as necessary. We
also clearly demonstrate for the first time the correlation be-
tween frequent Phe measurements and metabolic control and
add to the limited evidence suggesting that Phe levels of 6–
10 mg/dl are not safe during pregnancy. In order to prevent
future untreated pregnancies, we recommend pre-pregnancy
PAH deficiency screening in women of reproductive age in
our country. This can be incorporated into the pre-marital thal-
assemia carrier screening that is already in place. Countries
where significantly manywomen of childbearing age were not
screened as newborns, either as a result of late implementation
of NBS or due to receiving immigration from regions without
NBS, also should consider pre-pregnancy screening.
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