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Abstract
The maternal phenylketonuria (PKU) syndrome is caused by high phenylalanine (Phe) level during pregnan-
cy. Dietary treatment to control Phe concentration (low-Phe diet) can prevent sequelae like intellectual di-
sability, microcephaly and birth defects. In this study, 2 singleton pregnancies resulting in healthy offspring  
in 1 woman with PKU are reported. A state of metabolic control was sustained both during the preconcep-
tion period and pregnancy in the course of both pregnancies. In clinical practice, the empirical determination 
of Phe tolerance relies on frequent assessment of blood Phe concentrations in patients with PKU in relation to 
Phe intake assessed using food records. In contrast to predictions based on literature data stating that Phe to-
lerance intensively increases in the 3rd trimester and a low Phe tolerance may indicate fetal PKU, Phe toleran-
ce in both pregnancies showed a low increase in the 3rd trimester and a more noticeable increase during the 
whole pregnancy: 453 mg (30.2%)/1,653 mg (551%) and 200 mg (12.5%)/1,560 mg (650%), respectively. 
Interestingly, the patterns of Phe increase were relatively similar only in the 2nd half of pregnancy. Further re-
search on determinants of Phe tolerance in pregnant women with PKU is needed.
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Case reports

Two singleton pregnancies of phenylketonuric woman  
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Streszczenie
Duże stężenia fenyloalaniny (Phe) w ciąży są przyczyną fenyloketonurii matczynej (ang. maternal phenylketonuria – MPKU: upośledzenie umysłowe, małogłowie, 
wady wrodzone), któremu można zapobiec, stosując terapię dietą niskofenyloalaninową. Autorzy niniejszego artykułu przedstawili 2 ciąże pojedyncze (zakończone 
urodzeniem zdrowego potomstwa) pacjentki chorej na fenyloketonurię (PKU), która pozostawała w stanie wyrównania metabolicznego zarówno w okresie prekon-
cepcyjnym, jak i w ciąży. W praktyce klinicznej ocena tolerancji Phe opiera się na częstych oznaczeniach stężenia tego aminokwasu w powiązaniu z analizą jadłospisu. 
Zgodnie z danymi z piśmiennictwa autorzy oczekiwali znaczącego wzrostu tolerancji Phe w III trymestrze, gdyż jego brak uważa się za marker tej choroby także 
u płodu. Analizując wyniki badań pacjentki, zaobserwowano, że w pierwszej i drugiej ciąży tolerancja Phe w III trymestrze i podczas całej ciąży wzrosła odpowied-
nio o 453 mg (30,2%)/1653 mg (551%) i 200 mg (12,5%)/1560 mg (650%). Wzorzec zmian tolerancji Phe był podobny tylko w drugiej połowie obu ciąż. Niezbędne 
są dalsze badania nad czynnikami wpływającymi na homeostazę Phe w ciąży u chorych na PKU.

Słowa kluczowe: zdrowie publiczne, fenyloketonuria, tolerancja fenyloalaniny, oddziaływania matczyno-płodowe

  

The benefits of newborn PKU screening and treatment could 
be significantly curtailed if adequate resources, education, and 
funding are not available to follow and monitor women with 
PKU and their babies.

Robert Resta1

Background

Detection of a case of phenylketonuria (PKU) in neo-
natal screening and the implementation of a  low-phe-
nylalanine diet is associated with the risk of maternal 
phenylketonuria (MPKU) in the offspring of a  patient 
giving up dietary treatment after reaching adulthood. 
In unfavorable circumstances, one health problem may 
be replaced by another – a  woman with PKU, who has 
been prevented from having limited intellectual and 
physical development that excludes reproduction, gives 
birth to sick offspring as a  result of exposure to high 
concentrations of phenylalanine (Phe) amino acid.1–3 
We now know that after the patient has given up treat-
ment, a  diet with limited Phe supply should be rigor-
ously re-introduced during the contraception period 
and used under the supervision of a doctor and a dieti-
cian throughout the pregnancy.4–6 The supply of Phe 
increases rapidly as the concentration of this essential 
amino acid reaches a level below 120 µmol/L (2 mg%)  
in the pregnant woman’s blood.6 The general principles 
of prevention of MPKU are well known, but there is 
a  lack of detailed analysis for predicting an increase in 
Phe tolerance in pregnant women, and some indications 
need to be critically evaluated,5,7 because, as experimen-
tal animal studies show, dietary restrictions can have 
very different consequences in the offspring.8 The desire 
to know the optimal, because of disease, preconceptive 
body mass index (BMI) in patients has not yet been the 
subject of analysis,6 despite the identification of physi-
ological relationships between BMI of pregnant women 
and fetal metabolism,9,10 and the effect of glycemia on 
placental transfer.11 Maternal metabolism of Phe is likely 
to be significantly supported by the fetus’ maturing liver.7 

In 2009, Kohlschütter et al.7 pointed out that the lack of 
the expected increase in Phe tolerance in the 3rd trimester 
may also be a marker of PKU occurrence in the fetus, an 
observation made by the latest European recommenda-
tions for the diagnosis and treatment of this disease.6 In 
2 women with PKU described by Kohlschütter et al.7 who 
were correctly treated (genotypes: p.194del/p.P281L and 
p.165T/ p.R408W), the tolerance of Phe increased in the 
3rd trimester of pregnancy with an unencumbered fetus 
by 100% (900 mg) and 50% (500 mg).

The aim of the study was to present 2 pregnancies in 
a patient with PKU (using a  low-Phe diet with good re-
sults), in which there was no radical increase in Phe toler-
ance at the end of each of them.

Case study

The patient was diagnosed with classic PKU and di-
etary treatment had been implemented in the neonatal 
period. The woman completed a  vocational school and 
supplementary technical school for adults. At the age of 
23 she got married. She did not have a miscarriage. She 
prepared herself properly for the 1st and 2nd pregnancy: 
for 2 years and 2 months she followed a diet that allowed 
her to maintain Phe concentration in the recommended 
range of 120–360 µmol/L (2–6 mg%).6 At the time of 
both pregnancies she remained in a  metabolic equilib-
rium state (Table 1), with BMI before pregnancy being 
lower than recommended (18.5–24.912), especially in the 
2nd pregnancy. Each week of pregnancy, blood Phe lev-
els were measured twice or 3 times, and the patient was 
encouraged to send menus at least twice, which enabled 
the Phe supply to be quickly adjusted to the dynamically 
changing tolerance of this amino acid.

The ratio of birth weight of the offspring to weight 
gained by the woman in both pregnancies was similar 
(Table 1). The birth of healthy children took place in 40th 
week of pregnancy (Table 2). The birth weight of new-
borns was within the World Health Organization (WHO) 
recommended range of 3,100–3,600 g.13 Blood Phe con-
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Table 1. Clinical data on 2 singleton pregnancies in the presented PKU 
patient resulting in live births

Tabela 1. Charakterystyka 2 ciąż pojedynczych u pacjentki chorej na PKU

Data
Genotype p. R408W/p. R408W

1st pregnancy 2nd pregnancy

The patient’s age when she got 
pregnant [years]

25 27

In vitro support procedure no no

Smoking during pregnancy no no

Body weight before pregnancy 
[kg]

49.9 46.6

BMI before pregnancy [kg/m2] 17.8 16.6

Pregnant weight gain [kg] 19.1 19.4

BMI before childbirth [kg/m2] 24.6 23.6

Weight gain in the 1st trimester  
of pregnancy [kg]

3.1 3.4

BMI in the 1st trimester  
of pregnancy [kg/m2]

18.90 17.85

Birth weight ratio of the offspring 
to weight gain [%]

19 18

Phe concentration before 
pregnancy [µmol/L (mg%)]

34.2  
(0.57)

124.2  
(2.07)

Introduction  
of a low-Phe diet  
before pregnancy

yes yes

Medicinal preparation
XP Maxamum, 
Milupa PKU3 

tempora
XP Maxamum

% results of Phe >360 µmol/L  
(6 mg%) throughout pregnancy

14 3

% results of Phe <120 µmol/L  
(2 mg%) throughout pregnancy

37 29

Daily supply of protein 
from the medicinal 
preparation [g]

14 Hbd 58.5 58.5

28 Hbd 79.5 73

34 Hbd 86.5 78

38 Hbd 93.5 87.75

39 Hbd 93.5 87.75

Daily energy supply 
[kcal]

14 Hbd 2,104–2,656 1,567–2,231

28 Hbd 2,505–3,015 1,978–2,860

34 Hbd 2,273–3,140 1,231–3,083

38 Hbd 3,307–3,519 2,443–3,220

39 Hbd 2,729–3,054 2,546–2,910

Table 2. Birth measurements for completed pregnancies of the presented PKU patient

Tabela 2. Zestawienie pomiarów urodzeniowych potomstwa pacjentki chorej na PKU

Pregnancy Pregnancy 
week Sex Body weight 

[g; percentile]a
Body length  

[cm; percentile]a

Head 
circumference 

[cm; 
percentile]

Apgar 
score

Congenital 
defects, 

dysmorphic 
features

Phe in neonatal 
screening 
[µmol/L]

Status of 
a patient 
with PKU

1st 40 female 3,600; >50 55; >97 34; <50 10 no 80.4 (1.34 mg%) no

2nd 40 male 3,450; <50 55; <97 33; 10 10 no 67.2 (1.12 mg%) no

a According to WHO standards.

Fig. 1. Phe tolerance during the 1st (A) and 2nd (B) pregnancy  
of the presented PKU patient

Ryc. 1. Tolerancja Phe w ciąży pierwszej (A) i drugiej (B) u chorej na PKU
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centrations and Phe tolerance are shown in Fig. 1. The 
ratio of Phe tolerance to weight of the pregnant woman 
was similar (in both pregnancies) outside the first few 
weeks (Fig. 1, Table 3). The ratio of Phe tolerance to birth 
weight and estimated fetal weight is shown in Table 4. 
In the 3rd trimester, there was only a  slight increase in 
Phe tolerance, 30.2% and 12.5% in the 1st and 2nd preg-
nancy, respectively (Table 5). Throughout the 1st and 2nd 
pregnancy, tolerance of Phe increased to a maximum 5.5 
and 6.5 times, respectively (Table 5). Between 33rd and 
36th week of pregnancy, tolerance of Phe was higher by 
approx. 7–15% in the 1st pregnancy than in the 2nd. From 
37th week, no differences in Phe tolerance were observed 
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Table 3. Estimated Phe tolerance and its ratio to weight of the presented pregnant woman in the 1st and 2nd pregnancy

Tabela 3. Szacunkowa tolerancja Phe i jej stosunek do masy ciała ciężarnej w pierwszej i drugiej ciąży

Age of 
pregnancy 
[weeks]

1st pregnancy 2nd pregnancy

Phe concentration 
[µmol/L]

Phe tolerance  
[mg]

Phe/body weightc 
[mg/kg]

Phe concentration 
[µmol/L]

Phe tolerance  
[mg]

Phe/body weightc 
[mg/kg]

14 
306

(236; 375)a
1,250

(1,200–1,300)b 
23.6

(22.6–24.5)
76

(109–42)a
672

(643–700)b
13.44

(12.9–14)

28 
164

(88; 241)a
1,615

(1,580–1,650)b
25.6

(25.1; 26.2)
228

(204; 254)a 1,600 25.8

39c 336 1,800 26.1
282

(314; 250)a 1,800 27.3

a Means of at least 2 indications
b Mean reconstruction of at least 2 menus.
c Ratio of tolerable intake of Phe to the current weight of the pregnant woman.
d Penultimate week of pregnancy.

in both pregnancies, also expressed as a ratio to estimat-
ed fetal weights (Fig. 1, Table 4).

After the birth of the 1st child, the control of Phe con-
centration deteriorated, while after the 2nd pregnancy, the 
patient practically gave up using the medicinal diet.

Discussion

In the discussed patient, the most common mutation 
(p.R408W) of the PAH gene encoding the phenylalanine 
hydroxylase enzyme was found in the homozygotic sys-
tem.14 The age at which both pregnancies occurred fell 
in the optimal period of life for procreation15,16 and there 
was no nicotinism. According to the recommendations, 
the low-Phe diet was used not only during pregnancy, but 
also during preconception.6,17–19 Despite the lower toler-
ance of Phe at the beginning of the 2nd pregnancy, the fi-
nal value of this parameter, including when converted to 
the weight of the pregnant woman and fetus, was almost 
identical to that of the 1st pregnancy. In the 3rd trimes-
ter, there was no radical increase in Phe tolerance, which 
cannot be explained in both cases by PKU in the fetus, as 
postulated by Kohlschütter et al.7 Observation of barely 
12.5% ​​increase in Phe tolerance in the 3rd trimester of the 
2nd pregnancy is worth emphasizing, in comparison with 
only 20% increase in the 1st pregnancy, provided that we 
consider calculations of Phe tolerance in the last weeks of 
pregnancy (37th–39th week; Fig. 1) and not, as in Table 5, 
the maximum recorded value of 34th week of pregnancy. 
The small increase in Phe tolerance at the end of preg-
nancy in the described pregnant woman, who did not 
have any significant residual activity of the phenylalanine 
hydroxylase enzyme that could be stimulated,20 com-
bined with the birth of mature, healthy newborns (with 
regular body weight and Apgar scores of 10) stimulates 
an in-depth discussion on the role of the fetus liver in 
the metabolic equilibrium of a pregnant woman suffer-
ing from PKU. It is also worth noting that in the 3rd tri-
mester of the 2nd pregnancy, the absolute increase in Phe 

tolerance was 200 mg, i.e., comparable to the same peri-
od of pregnancy (pregnant genotype p.R408W/p.R261Q)  
with the fetus suffering from PKU (genotype p.R408W/p.
R408W) described by Kohlschütter et al.7 In retrospective 
studies on the relationship between the characteristics of 
Phe concentration variability and the course of pregnancy 
in PKU, women’s genotype was not taken into account.19 
Widaman and Azen21 found that the severity of Phe con-
centration variability depends on the genotype and age 
of pregnant PKU patients receiving dietary treatment. In 
the patient described by the authors of this article, de-
spite normal Phe concentrations in the perinatal period, 
weight deficiency before the 2nd pregnancy co-existed 
with a slower increase in Phe tolerance at the beginning 
of pregnancy. So far, the initiation of a  therapeutic diet 
during the preconceptive period has been indicated as an 
important factor in favor of Phe tolerance in the 1st  tri-
mester of pregnancy, compared to its immediate imple-
mentation only after becoming pregnant.4,17,19 In healthy 
individuals, preconceptive BMI not within the recom-
mended standard is a risk factor for abnormal pregnancy, 
including fetal organogenesis and growth, and postnatal 
neurodevelopmental disorders.22–24 The possibility of in-
fluencing Phe tolerance by previously unknown placental 
and maternal factors has also been signaled.19 It is likely 
that the creation of databases considering genotypes and 
anthropometric data of pregnant women and detailed re-
cords of changes in Phe tolerance will enable the regula-
tion of increased Phe tolerance in pregnant women with 
PKU.

Like hyperphenylalaninemia, excessive restriction of 
Phe supply and low levels of this amino acid in pregnant 
woman’s blood are a  risk factor for intrauterine growth 
restriction.25 Despite a high percentage of Phe measure-
ments <120 μmol/L (<2 mg%), the birth length and body 
weight of newborns from both pregnancies were normal 
or exceeded 97th percentile. Relatively small birth cir-
cumference of the head of a boy from the 2nd pregnancy 
(approx. 10th percentile) was not associated with a high 
percentage of Phe measurements >360 μmol/L (>6 mg%). 
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Table 4. Estimated Phe tolerance and its ratio to fetal weight in the 1st and 2nd pregnancy

Tabela 4. Szacunkowa tolerancja Phe w pierwszej i drugiej ciąży z uwzględnieniem masy ciała płodów

Age of 
pregnancy 
[weeks]

1st pregnancy 2nd pregnancy

Phe concentration 
[µmol/L]

Phe tolerance 
[mg]

Phe/weight of fetusc  
[mg/kg]

Phe 
concentration 

[µmol/L]

Phe tolerance 
[mg]

Phe/weight of fetusc  
[mg/kg]

22
237.3 (3.96)
207; 267.6
(3.45; 4.46)

1,450
(1,400–1,500)

2,900
(2,800–3,000)

346.2 (5.77) 1,600 2,909

25
178.8 (2.98)

162; 195
(2.7; 3.25)

1,465
(1,450–1,480)

2,092.85
(2,071.4–2,114.3)

252 (4.2)
258.6; 247.2
(4.31; 4.12)

1,600 2,133.3

29
261 (4.35)

321.6; 200.4
(5.36; 3.34)

1,636
(1,622–1650)

1,422.6
(1,410.4–1,434.8)

79.8 (1.33)
97.2; 61.8

(1.62; 1.03)
1,600 1,333.3

30
166.2 (2.77)
157.8; 174.6
(2.63; 2.91)

1,650 1,269.2
294 (4.9)

349.2; 244.2
(5.82; 4.07)

1,650
(1,600–1,700)

1,178.6
(1,142.9–1,214.3)

31
109.8 (1.83)

75.6; 144
(1.26; 2.4)

1,675
(1,650–1,700)

1,116.7
(1,100–970.9–1,133.3)

348 (5.8)
368.4; 329.4
(6.14; 5.49)

1,700 1,062.5

32
166.2 (2.77)
174; 157.8
(2.9; 2.63)

1,725
(1,700–1,751)

1,014.7
(1,000–1,030)

132.6 (2.21)
172.2; 93

(2.87; 1.55)
1,700 944.4

33
231.6 (3.86)
247.2; 216
(4.12; 3.6)

1,830
(1,753–1,908)

963.2
(922.6–1,004.2)

211.2 (3.52) 1,700 850

34 385.8 (6.43)
1,950

(1,948–1,953)
928.6

(927.6–930)

195.6 (3.26)
165; 226.2
(2.75; 3.77)

1,700 755.5

35
381 (6.35)
362.4; 399
(6.04; 6.65)

1,950 829.8 266.4 (4.44) 1,800 720

36
425.4 (7.09)
430.2; 420.6
(7.17; 7.01)

1,924.5
(1,899–1,950)

740.2
(730.4–750)

295.8 (4.93) 1,800 666.7

37
264 (4.4)

255; 274.8
(4.25; 4.58)

1,800
(1,799–1,801)

631.6
(631.2–631.9)

209.4 (3.49)
219; 199.2
(3.65; 3.32)

1,800 610

38 207.6 (3.46)
1,801.5

(1,801–1,802)
590.65

(590.5–590.8)
327.6 (5.46) 1,800 571.4

39 336 (5.6) 1,800 553.8
282 (4.7)

313.8; 250.2
(5.23; 4.17)

1,800 537.3

a Means of at least 2 indications.
b Mean reconstruction of at least 2 menus.
c Ratio of the Phe intake to the estimated weight of the fetus.

Table 5. Increase in Phe tolerance during the course of pregnancy

Tabela 5. Wzrost tolerancji Phe w różnych okresach ciąży

Pregnancy

Increase in Phe tolerance

1st trimester 2nd trimester 3rd trimester whole pregnancy

mg % mg % mg % mg %

1st 1,000 
300→1,300

333.3
400 

1,200→1,600
33.3

453 
1,500→1,953

30.2
1,653 

300→1,953
551

2nd 410 
240→650

170.8
957 

643→1,600
148.8

200 
1,600→1,800

12.5
1,560 

240→1,800
650

The arrow marks the smallest and the largest calculation of Phe tolerance, not always coinciding with the calculations exactly at the beginning and end of 
a given trimester (Fig. 1).
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Microcephaly, congenital heart defects and impaired in-
tellectual development are the main symptoms of MPKU 
syndrome.17,18,25,26 Matalon et al.27 showed a  correlation 
between a small body weight increase (<70% of the rec-
ommended) of a pregnant woman with PKU and micro-
cephaly in the offspring.

Education on the effects of unregulated Phe concen-
trations on the fetus from the time of contraception and 
preparation for pregnancy is invariably recommended for 
all women with PKU and other forms of hyperphenylal-
aninemia at childbearing age.6,19,28

Conclusions

The different dynamics of increase of Phe tolerance at 
the beginning of both pregnancies suggests a significant 
influence of environmental factors in its formation. Fre-
quent Phe concentration determinations are an essential 
tool for the care of a pregnant woman with PKU.

The repeated lack of radical increase in Phe tolerance in 
the 3rd trimester in the described patient without signifi-
cant residual activity of the phenylalanine hydroxylase 
enzyme does not support the thesis about the fundamen-
tal role of the liver of the fetus not suffering from PKU in 
Phe homeostasis in advanced pregnancy.

One of the greatest achievements of preventive medi-
cine, which is the introduction of obligatory neonatal 
screening for PKU, results in the necessity to conduct 
research on methods of care for patients struggling with 
this disease at the procreative age.
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