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Abstract The intellectual status and 
professional  careers of 51 young 
adults with phenylketonuria  whose 
treatment started before 3 months  of 
age are described. Their mean  IQ 
was 97 (SD = 16). Of  the IQs, 4% 
were more than 2 SD below the 
norm. The distribution of types of 
schooling of the patients was compa- 
rable to that in the German popula-  
tion. The professional careers of 
nearly all the patients were according 
to their educat ional  level. Within  the 
sample the outcome was signifi- 
cantly correlated with phenyla lanine  
(Phe) control, even when the pa- 

t ients '  social background was statis- 
tically taken into account. The main 
influence of Phe on intell igence 
seems to occur during the first 
decade of life since IQ data remain 
stable even after Phe levels increased 
during adolescence. 
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Introduction 

The high risk of becoming  severely mental ly and physi- 
cally handicapped for patients with phenylketonur ia  
(PKU) can be prevented efficiently by the early introduc- 
t ion of a diet low in phenyla lanine  (Phe). While  there is 
no doubt that treatment has to be continued unti l  late 
childhood, it is not clear whether the diet can be relaxed 
or stopped in adolescence or adulthood [1, 4, 6, 10-13, 
16, 17]. To answer this question, data on the development  
of adults with PKU who have been receiving treatment for 
PKU since infancy are of particular importance. In the lit- 
erature, there are many  reports concerning the intellectual 
development  and progress in school [1-3, 8, 18]; how- 
ever, the evaluation of the professional careers of adults is 
almost lacking [5]. Horst Bickel started treatment of a 
group of PKU patients in Germany  in the early 1960s. 
Therefore, thanks to him, we are able to present data on 
the intelligence, educat ion and professional careers of 51 
now adult patients. 

Patients and methods 

The 51 patients were born between 1963 and 1974. Their mean age 
was 25 (19-31) years. They were classified as classical PKU, hav- 
ing blood Phe levels above 1200 ~tmol/1 on a normal diet. Diet in- 
ception started within 3 months after birth (mean 39 days). Phe in- 
take was calculated according to the recommended blood Phe con- 
centration. Table 1 shows that over the years the recommendations 
concerning the target for blood Phe level concentrations became 
stricter. However, because the absolute differences in the recom- 
mended Phe levels were not very large, the sample was not divided 
a priori into two treatment groups. 

The Phe-restricted diet of the patients was supplemented with 
various Phe free formulas which changed in composition over the 
decades. The influence of these different formulas on the develop- 
mental outcome was not investigated because the consequences of 
different degrees of Phe control was the prime focus in this study, 
and the sample size did not allow us to consider another variable in 
the statistical model. 

The patients had been recommended to receive weekly control 
of Phe during the i st year of life, every 2 weeks from 2 to 4 years 
and at least once a month after the age of 4 years. Blood samples 
were analysed with the Guthrie test and regularly checked by col- 
umn chromatography. From 1977 on, colmnn chromatography was 
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Table 1 Recommendations Until 1976/77 0-8,0 years 8,1-15 years after 15 years for target Phe concentrations at 
different ages 120-240 (< 360) ~tmol/l 720-900/.tmol/1 < 1200 ~mol/l 

Since 1977 0-10,0 years 10,1-15 years after 15 years 
120-240 (< 360)/2mol/1 < 600/.tmol/1 < 900/lmol/1 

used as the routine method. As a measure of dietary control for 
each patient the Phe median of each year was calculated up to the 
age of 20 years. Beyond this age period the data were incomplete, 
either because the patients had not yet reached the older ages or be- 
cause their data were missing. By cluster analysis of the 20 yearly 
Phe medians, the whole sample was divided into different groups of 
Phe control [7]. Intelligence was tested with the German version of 
the Wechsler Intelligence Scale for Children (WISC and WISC-R) 
and the Wechsler Intelligence Scale for Adults (WAIS and WAIS- 
R). Unrevised test results were transformed into revised scores us- 
ing linear transformations according to the instructions given by the 
test authors [15]. Age for testing was not completely standardized 
in this sample. Therefore the different ages were divided into three 
age groups: late childhood and early adolescence (10-13 years), 
adolescence (14-15 years), and adulthood (16-30 years). Where 
more than one IQ test was available for a given age period, the 
mean of the test results was calculated. None of the patients had 
overt neurological symptoms. Because a direct comparison with the 
educational systems of other countries is not possible, the types of 
schools are indicated in German. The "Abitur" is comparable with 
the "A levels" in Great Britain and prepares students for university. 
"Hauptschule" and "Realschule" are types of secondary education 
(9 and 10 years of schooling), while a "Sonderschule" corresponds 
to a special school for children with learning disabilities. In addi- 
tion the actual status of the professional careers was recorded. 
Since IQs for the patients' parents were not available, father's level 
of education was introduced into the analysis. 

Results 

Cluster analysig of the longitudinal  Phe profiles revealed 
three subgroups of dietary control (Fig. 1), indicated as 
cluster of "good",  "intermediate" and "poor" dietary con- 
trol. The good cluster had Phe control in accordance with 

the recommendat ions  given after 1977 (see Table 1). Ten 
patients started to lose dietary control after the 4th year of 
life. The patients who were given a relaxed diet from age 
8 years onwards are included in the "intermediate" clus- 
ter. The partition of the sample into three groups was a re- 
sult of  the recommendat ions  on the one side and the pa- 
t ients '  compliance on the other. 

Figure 2 shows the mean  longitudinal  IQ values from 
early adolescence up to adulthood allocated to the three 
Phe clusters. On average, patients with the lowest Phe lev- 
els had the highest IQs and vice versa. Time of diet incep- 
tion (t) showed no significant  inf luence on the IQ results 

(Ft*IQ 10-13 -= - - 0 . 1 8 ,  N S ,  / ' t*lQ 14-15 = -0 .21,  NS; Ft,IQ 16-30 = 

-0 .15 ,  NS), probably due to reduced variance in this sam- 
ple. A repeated measurement  analysis of variance of the 
IQs (three test times~-+three clusters) revealed a signifi- 
cant  main  effect for cluster (F (2.37) = 9.17, P < 0.001). 
The mean  IQ of the "good"  cluster differed significantly 
from that in the poor cluster (F (1.25) = 13.15, P < 0.001) 
and also from that in the " intermediate"  cluster (F (1.30) 
= 10.65, P < 0.01). The "intermediate"  cluster was not 
s igni f icant ly  different f rom the "poor"  cluster (F (I .  19) 
= 1.56, NS).  The  m a i n  effect  for t ime  was s ign i f i can t  
(F (2.74) = 5.06, P < 0.01), due to a subtle but constant  in- 
crease of the mean IQ over time. However, a non-s ignif i -  
cant interaction cluster-by time (F (4.72) = 1,53, NS) indi- 
cated similar mean IQ changes over time for all the three 
Phe clusters. In adulthood the mean  IQ of the total sample 
was 97 (sd = 16; range = 61-131) .  The IQs of two patients 
were two SD below the norm with values of 61 and 69. 

Fig. 1 Three groups of dietary 
control separated by cluster 
analysis 
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Fig. 2 Longitudinal lQs of 
three Phe clusters, * P < 0.05 

Tab le  2 School grades of pa- 
tients (divided by clusters) and 
their fathers 

School grade 

110' 
105 
100' 
95' 
90" 
85' 
80" 
75" 

101'1 ~A'~ ~ 8 8 1  ~ 1 0 4 , 9 _ ~  91, / ~.~...~.~/106'5 '~3))* 

• cluster good n=19 
cluster intermediate n=13 
cluster poor n= 8 

I I I Age 

10 -13 years 14 -15 years 16 -30 years 

Fathers Patients Cluster 
(n = 51) (n = 51) 

good intermediate poor 

Abitur 6 12 10 l 1 
Realschule 13 22 14 7 1 
Hauptschule 32 16 1 8 7 
Sonderschule 0 1 0 0 1 

Table 2 shows school grades of the 51 patients and 
their fathers. As in the general population the educational 
status of  the patients was higher than that of  their fathers. 
Apart from one patient who, because of learning disabili- 
ties, attended a special school, all patients finished school 
successfully. The distribution of school types attended by 
our study sample was not different from that of the normal 
German population (g2(2) = 2.36, NS) [14]. 

The correlation between type of schooling and the three 
Phe clusters was highly significant (phi -- 0.7, P < 0.001, 
Table 2). The correlations between father's education (fe) 
patient's education (pe) and Phe cluster w e r e  l ' f e*pe  = 0.45 
(P < 0.01, n = 48), rte,phe = 0.22 (ns, n = 48), Fpe.phe ---- 0.62 
(P < 0.001, n = 48). As to be expected on the basis of  gen- 
eral population data, there was a significant correlation be- 
tween the education of the fathers and their offspring. The 
correlation between the father's education and the Phe 
cluster was not significant. The correlation between Phe 
control and patient's education was highly significant. 
Controlling for father's education (re) the correlation be- 
tween Phe and the patient's educational level (pe) in- 
creased the numerical value to F p h e . p e . f  e = 0.73, P < 0.001. 

School success was also reflected in the professional 
careers of  the patients. Nine were university students, 
seven were training for a profession or an occupation, 31 
were already employed according to their training, three 
were employed without any special training (one of them 
refused occupational training, having an IQ of 120), and 
one patient had a compulsive neurosis and so far was not 
able to be trained. All the female patients had finished or 
were actually training for an occupation in contrast to 
their mothers,who were frequently housewives. 

Discussion 

The results on this sample of  patients - seven of whom 
had severely retarded siblings who were not treated - 
again demonstrates the efficiency of PKU treatment. The 
patients exhibited normal physical development, their IQs 
were in the normal range and corresponded to their social 
background. With regard to education and professional 
careers the sample does not appear to differ from the nor- 
mal population. Apart from the one person with a com- 
pulsive neurosis, all patients are able to live indepen- 
dently without any special support. However, within the 
sample the outcome was significantly correlated with Phe 
control, even when the patient's social background was 
statistically taken into account. The mean IQ of the clus- 
ter "good" in adulthood was 107. On average the median 
Phe concentrations were below 300 gmol/l  up to the age 
of 10 years, below 600 gmol/1 up to 15 years and later 
about 900 ~tmol/l, reflecting excellent dietary control ac- 
cording to the recommendations. Adults in the cluster 
"poor" had a mean ]Q of 88 with Phe levels exceeding the 
recommended levels from the age of 4 years. Although 
the mean Phe levels of  all three clusters increased over the 
second decade of the patients' lives, the mean IQs did not 
deteriorate. The increasing mean IQ over time, which was 
responsible for the significant main effect, probably was a 
result of test sophistication. 

Even though half of  the patients had high blood Phe 
concentrations, they managed their school and profes- 
sional training programmes successfully. This would indi- 
cate that the essential influence of dietary control must 
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have happened  during the first 10 years  of  life. However ,  
s ince the re la t ive  posi t ions  of  the three clusters  remained 
stable,  our data  do not g ive  informat ion about  the poss ible  
consequences  o f  Phe levels above  1200 gmol/1 for the 
cluster  "good" .  On the other hand,  the mean  IQ of  the 
cluster " g o o d "  remained  stable despi te  600 gmol/1 in- 
crease of  Phe levels  after the age o f  10 years .  Thus it can 
be assumed that a modera te ly  re laxed diet  during adoles-  
cence and adul thood,  as we have r e c o m m e n d e d  to our  pa-  
tients, has no adverse  consequences  for  intel l igence de- 
ve lopment .  

Fur ther  ev idence  on the influence o f  die tary control  on 
IQ results and on school  career  can be der ived  by com- 
par ing our  pat ients  with a sample  f rom the the British 
P K U  register,  which  covers  s imilar  ages [2]. The cluster 
" 'poor" runs near ly  paral le l  to the 50th percent i le  o f  the 
Brit ish sample,  wi th  Phe concentra t ions  even lower  dur- 
ing the first  5 years.  This might  expla in  the 27% of  IQs 2 
SDS be low the norm in the British sample  compared  with 
4% in our sample ,  and 2% in the no rma l  populat ion.  

Our  data  might  suggest  that a low Phe diet  could  be re- 
laxed or even te rminated  after late chi ldhood.  However ,  
an influence o f  high Phe b lood concentra t ions  on intel lec-  

tual per formance  during adolescence  and adul thood can- 
not be exc luded  completely.  A neuropsychologica l  s tudy 
inc luding  a subgroup of  our  adul t  patients has demon-  
strated that informat ion process ing  and sustained at tention 
could  be improved  by lower ing  the Phe b lood level  f rom 
1200 to 600 gmolB [91. 

Our  group o f  adults ach ieved  a normal  intel lectual  de-  
ve lopmen t  and normal  careers.  This success was signif i-  
cant ly  de te rmined  by  the qual i ty  o f  die tary control .  F rom 
ear ly  adolescence  onwards ,  no signif icant  inf luence  of  
Phe on Wechsler  IQ scores could  be detected.  However ,  a 
def ini te  decis ion concerning dietary control  during ado- 
lescence  and adul thood can not  be made  on the basis  of  
these data. F ina l ly  the p rob l e m of  late effects,  af ter  the pa-  
t ients have reached a greater  age, remains  to be invest i-  
gated.  
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