Intelligence quotient scores among phenylketonuria patients receiving
early dietary management: Results from a systematic literature review
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Background: Vethods:

- In phenylketonuria (PKU), high phenylalanine (Phe) is associated with lower Overview Data synthesis CVIER L
cognitive abilities.* - A systematic literature review was conducted following * Mean full scale IQ scores using the age-appropriate Figure 1: PRISMA diagram of included studies that
" - - - PRISMA auidelines in March 2023. usina MEDLINE WIS, overall and by subgroups (e.qg., children vs. * From 1,713 abstracts, 23 reported relevant 1Q outcomes
o Two meta-analyses on intelligence quotient (IQ) in PKU showed lower IQ in PKU guiaelnes in Marc , Using : ) ’

studies (27 publications)!?-

patients.34 EMBASE and Northern Lights databases. adults), were extracted. > | . .
. . . . . . were included (Figure 1). [ Abstracts sereened: } . "
o A higher impact of PKU on health-related quality-of-life (HRQoL) has been reported among - Two researchers (|\/|V, |_H) |ndependently reviewed all - We reported results by age and subgroup: o _ Abstracts excluded: 1199
- . . . L 14 studies included children Population 280
those with lower IQ scores.® Identified records aagainst the PICOS criteria: : : N . studies include ’ Intervention/Comparator 0
_ _ _ _ _ _ _g _ ' o Overall population: Data from studies that reported IQ 8 included adults, and 1 study Sl 290
- Adhering to dietary management is challenging but is needed to preserve Observational studies assessing IQ among early- measures for an overall PKU population, by age. included both. Quicomes. o
i1t 1,6-8 I " _ _ _ _ _ uplicate publication
neurocognition.™ dglggosedu?_nd treated_PKL_J péltlelr_\t?] [blood Phe level o Restricted subgroups: Data from studies that restricted to  All patients were on dietary iRt arioies aesessaaror e ST
. . L . . > mol/L at screening| In Englisn. i i iet: e
- While development will be within normal limits, the exact impact of early H al J ETUEUIEN EVog e[z (B2 RENEES WD WiEnl @l e Gif el management and no other [ Bllulbiley ] CTTr————" yere
: . . : Int ti | by high/low Phe levels within age groups). h logical g ks
continuous dietary management on cognition is not well known.® Data on nterpreting IQ scores Differences in 10 between PKU and comparison pharmacologica e /G omparsion °
cognitive abilities of this group compared to controls are needed. . ' L treatments. Study design 38
9 group P 1IQ as_sessments by Wechsler Intelligence Scale (WIS) samples (siblings or healthy controls) from the | f ’ Oucomes 239
were included. same studies were explored. ' :-ewf)r\;g dOIQZPZ)\S/teur t:?nse or b Publications that report 1Q \Other 16
- 1Q scores of 100 represent ‘average intelligence’. » The percentage of studies where patients had o pe Y T —— ~
JECLIVE. ‘ S " mean |1Q scores <100 was reported I Culturs Falr InlligoncaTest. 5
 ‘Intellectual disability’ is classified as an |IQ<70. ' . . Stanford-Binet Intelligence Scale 1
_ ] N _ ¢ Sample SlZzes Of |nterESt Raven Prqgressive Matrices 1
* To synthesize published data on the cognitive impact of PKU measured by 1Q ranged from 4-103. T e (e e
scores, among patients receiving early dietary management. LR __scores 2

23 primary publications and
4 associated secondary publications

Abbreviations: ID=intellectual disability

Results continued:

5. Discussion:

25
CHILDREN 2 ADULTS & . . . | .
i : * This synthesis revealed the impact of early dietary management on 1Q; approximately
- Eleven studies reported IQ in overall populations of children (Figure 2).10-20 - Eight studies reported mean 1Q [ Figure 4: Studies reporting full scale IQ scores in ] three quarters of studies of children and adults reported mean IQ scores <100 (i.e., below
M SD) full scale | d from 94.0 (18.6) to 104.0 (15 scores in overall populations of overall population of adults with PKU ‘average intelligence’).
ean_ (SD) U. scale 1Q scores ranged from 94.0 (18.6) to .0 (15). adults (Figure 4): mean (SD) 120 i b o . o Data from comparison groups from the same studies help highlight the extent of the deficit: IQ scores
> Eight studies (72.7%) reported mean 1Q <100. full scale IQ scores ranged from ==~ FE T fH o fH e T > - - - 2 among PKU samples were 5 to 16.3 points lower.
o [ : : : :
o . . . . . . . 90.0 (11.0) to 107.6 (18.7).19’25' < 80 ‘ o Higher mean IQ scores were reported among those who remained on diet compared to who did not.
N { Figure 2: Studies reporting full scale 1Q scores in overall population of children with PKU ] 31 L 60 - Smaller and more heterogenous samples resulted in Iarger variance around estimates
- L I 1%.1_ _____ 4.4 o -wF R %i- I A SO AR o2 o Six studies (75%) reported mean 40 within the adult samples.
| 1Q <100. 20 :
. ‘ \ | | \ J \ 0 - Strengths include:
% 0
g Rg,: 12%?4 Pie(::]z:,517s;98 Bru?;rjz, 5)004 Zszggrzgggrl) nglrge(zihﬁ) “Z”S‘igiﬂii'?‘; ZZTSTni”g% ZE;rlg(enS:Sé) o The rigorous systematic review methodology employed and focus on observational studies, which can have
---- Average longer follow-up (compared to trials), provide real-world insights into diet adherence, and include more
0 generalizable samples.
Figure 5: Studies reporting full scale 1Q scores in
20 140 PKU adults stratified by dietary adherence o Studies were restricted to those that defined PKU or blood Phe levels >600umol/L at diagnosis, and to
those on early treatment or dietary management, to reduce heterogeneity within the samples.
Leu(ﬁzzl’z%)g ” SChQLdJ’yllg%’ Io_\?elzjrzazlll’(iggj’) fs’avsa-/'-s(?]r:egi) Pf;zs,’eﬁi& Weg(lﬁggé)l o R'¥§é§§)96 nghgeéb(irlrfgg’ S\Sggt&?ﬁg’) y@fg,a&geergi 20T§,r baseline 100 oD o e ] - « Two studies restricted by dietary o Subgroup analyses that revealed important insights into the changing effects of PKU on cognition across
(n=103) (n=34) (n=47) (n=39) . - -
n n s n n . I STO adherence (Flgure 5): mean (SD). different age groups and dietary management approaches.
g |Q scores were 81.0 (8.0, ended diet  Limitations include small sample sizes and considerable variability in reported estimates;
* Three studies described subgroups by dietary adherence (Supplementary figure 1); children = early) and 112.0 (NR; continuously and the lack of individual patient data. Presenting overall (mean) values may obscure
with poorer adherence showed poorer cognitive ability.10.12.21 40 on diet).2>32 trends in 1Q in PKU.11
o Mean (SD) full scale 1Q scores in those “on diet” (ranging from 97.3 [10.3] to 106.5 [19.2]), were higher than among 20
those “off diet” (ranging from 87.9 [NR] to 95.6 [15.3]). 0
Ris, 1994, continuously Pietz, 1993, on diet (n=5) Ris, 1994, early terminators of
° " " " adherent to diet (n=10) diet (n=5) . .
Two studies restricted by dietary Figure 3. Studies reporting full scale 10 scores in | ' I\ ' n 6. Conclusions:
control (Supplementary flgure 2). children with PKU vs external comparisons On diet - -~ Average Off diet

While one study showed mean 1Q

i, h Difference: Difference:  Diference:  Difference:  Difference: . Three studies assessing 1Q among adults included an external comparison (Figure * Individual IQ scores among patients with PKU irom studies included in our review were
WE:.]S similar gt\rf]\{eﬁn glroups, the 190 10.7 5.2 1%18 1048 12.9 6), and mean 1Q scores ranged from 2 (unaffected siblings) to 16.3 (age and sex vang!ole. HO\_/vever, a larger p_roportlon of studies reported mean IQ_s_cores_§100 points. In
other reported higher 1Q scores fo}é-l 104.3 matched healthy controls) points higher than among PKU adults. 25-26.30 addition, patients with poor dietary adherence showed poorer cognitive ability.

nndi

among those with better dietary
control. 1322

Furthermore, mean IQ scores were consistently lower compared to control groups,
despite all patients in this review receiving early dietary management.
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The differences between PKU and control groups tended to be larger (except among

%0 continuously diet-adherent adults) in adults compared to children.

* Four studies assessing 1Q in
children included an external
comparison (Figure 3).

* These data highlight that 1Q is affected in PKU, even with early dietary management.
{ Figure 6: Studies reporting full scale 10 scores in PKU adults vs external Comparisons] Treatments that reduce Phe levels have an opportunity to reduce burden in PKU, brought
40 upon by lower cognitive abillities.
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